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This process is called nolecular evol ution.
Some display technologies further allow the enriched library to be amplified without

knowing the identity of its members; not merely the nucleic acid sequences but the
functional entities too. Such display technologies are called “amplifiable display
technologies”. These technologies are especially advantageous when dealing with large
libraries, because iterative rounds of selection and amplification can be performed
allowing increased enrichment of desired activities. Another advantage of amplifiable
display technologies is that rounds of selection, amplification and diversification can be
performed, thus using the same principle as in natural selection, to evolve molecules with

desired function. This process is called molecular evolution.
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bifunctional molecules, which allows the code to be transferred enzymatically to the
bifunctional molecule, as well as guiding the chemical group to react with the very same
bifunctional molecule. This process can be reiterated to create a large combinatorial

library.

The libraries described above can be subjected to selections to form an enriched library.

The enriched libraries members’ synthetic history can subsequently be deduced through
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positions to form a combinatorial library.

A limitation of the above proximity guiding of cognate pairs of code and chemical group
is given by the linear structure of the template oligonucleotide. As a consequence of the
linearity the distance between codon and the chemical reaction site will differ from codon
position to codon position. For codon positions longer away from the reaction site the

proximity guiding becomes compromised, as the local concentration drops to the power
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A limitation in these approaches is that a large number of templates have to be created,
which is cumbersome, as the templates have to be of considerable length to ensure proper
codon/anti-codon hybridization. In methods using a plurality of minor sequences to make
up the final directed synthesis the number of sequences to be synthesized is even higher

than the actual library size.
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In particular, the present invention relates to a composition comprising a nucleic acid and
a chemical compound, said composition forming a star structure defining 3 or more stems
extending from a reaction center, wherein the stems are formed by a nucleic acid duplex
and the chemical compound has been formed in the reaction center as the reaction

product of 3 or more chemical groups.
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acid to promote reaction proximity but also to use the nucleic acid to code for one or
more of the chemical groups which have participated in the formation of the chemical
compound. The presence of one or more codons is especially useful for decoding

purposes. When the formed chemical compound is present in a small amount or is present
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s@é@ enpystieally edandithomhcleincit vsing § PRVRIRBH AnotsHsisigacd
| 3,
aoirﬁ'i/g gﬁzng]%ay 5 gﬁf%‘ﬁgheq}fstﬁrg?sgﬁqb %ﬂm’uﬁ% sﬂ'éh@vre?éi‘l? bi RO stgﬁ'?nto?ﬁavm g

e e spl a the chem cal
a lropyiutablly)be 20E6i 04402 BIPRET APKRO0S SG0T 4 PNA polymerase, RNA

polymerase or reverse transcriptase. Thus, the loops make it possible to prepare a double

stranded extension product displaying the formed chemical compound.

Importantly, the extension product comprises a generally linear duplex, i.e. a
complementing strand has been formed by the extension reaction. The extension reaction
destroys the reaction center so the chemical compound previously formed by reaction in

the reaction center is displayed in the media. The display of the chemical compound



8 enables the use of various selection strategies on
a library of extension products, as discussed |ater
WO poobloas®2ziescri ption. Subsequent to the sel ect PORPKRIVS8/000714
possibility of anplifying the nucleic acid is of
particular relevance for identification purposes,
because the chem cal conpound can be identified even
in cases in which it occurs8only in mnute
concentrations. The contiguous nucleic acid sequent
engblies His|uge ebysions eslection eimaiegi¢s anl 4 libraey of extension produgis, @k
mgﬁgﬁﬁq&%lguﬁgh&g bp the formation of the encoded
chem ca ' a particularly preferred
enbodi nment of the present invention a codon is

ituated jn non- base. i ri art of. the.
‘@F%‘H‘@PHB gshes%eiqaeea e Popp 31&? Sampldying thericlelsyidgip of prgticular
reRQARR foilibRiRafied plIrB@seéJ Pecadbe MBYh&ERITRI ddaipb@it &h be identified
nucl eotides in the design, as the specific sequence
even icasetionhieleis opryes endy &1 migpterqoneenimtionse hoecatigeays nucleic
: : [
o RGO RORALLAL i b8 SRy e
forrmatpmesfeint encodddndhemicehedngepnd.st r uct ure. Dependi ng on
the specific endonucl ease used, one or both strands of
the stem |oop structure may be broken. In a certain

InefhesiuRRprefetryd eBodiheltRE titpresefiSin GBS alcOdort i8 Sitla@An the
i s nicke thereby formng a single stranded nucl eic

nogchage gegﬁeﬁm ofithe stsnigpRstivstyraridedrosgredn éhedetpmof the codon
alg) rf@[m‘re ﬁyé 5ﬁ9g¥oﬁﬁﬂgtﬁhﬁ§f n'irplgol‘f'&g (i)r{]the’%‘eéi H he%g\?{ AC

pur pose I's bvc I'n anot
sehyatniee of 7 eoride dapends hakematanal llal@ncezcbaythe Mbndlzaten apd reaction
srnﬁge stranded nucleic acid overhang, is forned.
y, the codon is present in the single stranded
overhang. In an aspect of the invention it is

preferred to add a hel per qligonucl eot]de
Insgm5RERASHHOA e 1pyeniion pR e EFSPIgHpn e s peeseRidp dhestem-loop
stREutk, %QWorptfhe 5h&ifid A8Bhuctdasiesed WnkaPb b@th%&ﬁ‘rﬁisto'f HaStem-

t he hel per o I gonucl eoti de hybridi Zes to the
logle stoshize napide borkes. I agatisin rembedlfr@nt enly eny ofi the stmmds close to

the poo}/)a%{nc-rhde thei‘eﬁ)nﬁ'@ ing h ?P {raﬂsalted lﬂ%élglc %cﬂa ¥%nqgri{ el‘l?ens\{’ngle
stiayitded rilicteid aaixirsegﬁgnmitsblp awrrmgs thie cbe@stA 1&@%1 enzyme for this
pngqneg :1%§e n]ta\?}:rlg_%tz ?nnoglte? gr%ggfg%ggéq%@zgt%n ﬁ@re%rc%cen and a sticky end,

i eC Q@ﬁl RIBRAG Mlei&acﬁﬁﬂ%ﬂ@hé Vs RPHR@Suitdhl9ViBle cSddmNs Asent in
0oor above. The hybri di zati on segnmentS may contain

thre sivgletsanded 2vinbany G5 08e 51 e BRIV S/i0PBfeI4d to add a helper
oligonucleotide complementary to at least to a part of the nucleic acid sequence of the

loop. Under suitable conditions, the helper oligonucleotide hybridizes to the loop

sequence and forms a substrate for a restriction enzyme.

The stems of the star structure may have any suitable length. Generally, a stem comprises
two hybridisation segments having at least 80% complementarity and each hybridisation
segment consists of 12 or more nucleotides. The complementarity is generally 90% or

above, such as 95% or above. The hybridization segments may contain less than 12



9 nucl eotides for certain applications in which the

stability of the star structure nay be dispensed
wowdk/o4®exch as 11, 10, 9, 8, 7, or 6 nucl eoti dBGT/DK2005/000714

However, in general a high stability is desired. A

suitable stability under nost conditions is generally

obt ai ned when each hybridi sati on segnent conprises 18

or nore nucl eotides. Wen c@nditions are used which

di sfavor hybridization, i.e. eratures well above
nuglagtidestior ¢47tam apalieationmmaiielr te .s{;Eglty ofr thp ptasgnicBiromay be

[ t [ 0 ny e

R SR LA b R RERFRL et ln (el B
stapiility edcsimell. W shitable stabitiitye midegtmstp:sndmhﬁs i gemdlycdlﬁﬁﬁalaxk/hen

oppound..is pre erab val ent atta to the
eofi RPRIARS e sesPie SR ST e apostided fVfi coaibhs are used
wiilels disReot Iy bHgRatio) i b db@pérhfes b llabbacdmbibg, figh 586

chem cal compound to the nucleic acid of the star
coBgqNFAHRNSeOT MignRRiFR! casinBIvERtS, litbridizaemtcemsaisoé 20 phapre
xn&ﬁﬁu&ﬁ%ﬂh%ﬁMbﬁﬁﬁﬂg&nd and the nucleic acid part

remai ns toget’her during a subsequent selection. A

chem cal group to be reacted in the reaction center

A@éa¥he r%ac% ﬁ%? {h%tl%j )@,flu%llr}hégl}% ugll’lpesit ﬁ'ng ac%ﬁ.i %glp%glklmund is
pr qsﬂsnabty ob@alér&@@ttﬂad{bda;b ¢he M) R, Mc@&(tﬁ@ﬁﬁéﬁt%ﬁs {th&y be
e coval ent

nucl eic a % 1y, one or nore of
degjreddp Hﬁ%’ﬁg’g 123%" t@| atfachee &rmgdl charaiselsoippapnditoghe nucleic acid
of eRER AR rel ROWSRLS b@\)alenﬂ&%cgrﬂ e ﬁﬂfresﬁhﬁ%ﬁ@%nﬁ@al compound
desi gned to be cleavable or durab urt hernore
ang theqpglsiceacid paiagmaing yogdsther dwingrreuibseguerty scled timv ed
i mredi ately upon reaction or designed to be cleaved in
a step subsequent to a reaction. Usually, the
A clieenitat gtoup masrb@wadedi i the revetioryented aQl ibe AssdEiated&vith the nucleic
chem cal s attached to the nucleic acid and
30@&1 F%%Pl‘@’ VB ATEP ETTRIEHRT chemieal gFRugs prrpio reaction are

coVR@ftlyalithchelRY the uBleRRALR. USEMN GH¥Vor %Q)% 6€the LOGHAH hf?&hﬁ%nts
a cowgound added to the nedia as a flee reactant not

areydeayed simadfangopsly avithus [sehsequent . remt\len fThetdowalent link may be
de§1 tt@% Ql%AVagPeyorlaﬁrc?e féaf“{ﬁllle?&me c?ésa% }.Lle ﬂflf(ag%ﬁaé/goe n(fgﬁlgned to

act1vating agent a ant
be steamdtlmneﬁlamiy: opati negctton ok Hesmfeé&em clbm&ﬁﬂ & SBp &iBequent to a
eful in the generation of libraries of different
la%ﬁ @i cal conpounds associated with a genetic code.
Accordingly, the present invention also relates to a

library of star structures. Each of the star
Usuglhiy theighegicgysopmosnd sdomsdiyTepkion 05 he sbamigal groups attached to

the nucleic acid and optionally one or more further reactants. The reactants may originate
from any source, including be a compound added to the media as a free reactant not
associated with a nucleic acid. The further reactant(s) may be scaffolds, cross-linking

agents, activating agent, deprotecting agents etc.

The star structures according to the present invention are useful in the generation of
libraries of different chemical compounds associated with a genetic code. Accordingly,

the present invention also relates to a library of star structures. Each of the star structures



10 may be present in several copies in the nedia and

the nmedi a generally conprises star structures
w@emwbaiseng di fferent chemi cal conpounds. As aPCT/DK2005/000714

exanple, a library of the present invention may

conprise at |east 1000 different chem cal conpounds,

preferably 106different chem cal conpounds, and nore

preferred 109 different chedfcal conpounds. In

anot her aspect, the present invention may be descri bed
masbe present mgeywalecogies in temedin andithe medie Bensrallyrrgmpsisesestar

r

st R Rt ol oA ol Sty o e

pxempineeremh ardy cotmpgisnatdeasdt (0debiferditi chem&abhm&;jonedk bl;eferably

lq%gtfelge%gczlgeggwg rﬂ?@{ﬁa'ﬁ,gg& Ifrﬂ)zes @'%garllrtgﬁ 684 (? %St \ﬁ’tochséggﬁ compounds

ol i gonucl eotide hybridizes to a segnent towards the 5'

in the next and so forth. Finally, the segnment
Intapoiheiaspedhehgpreggi lrWﬁntqu@nma*sq dasgier @p éf‘é@lrlgdo & &segethed for
ygg,%@glq% lar%{‘ﬁbén ggftecf Win EﬁJogﬁqF ALéigR ragfak BRLASE: “star-
nse m d secti on ween t wo
stﬂmyture”cfomdl lxymmtaghsmmsplmnerw'g leligbniuglentiddseBlyis dheobitained by
oi,nti n center the formed ,
R P e R e (oS B BT eemshS v baF Becetnd fivgrashe
endic bnésblﬁ%mwé@dembndmme alsBgrBént toMRRds tBE 5° in the next and so
ol i gonucl eoti des are used three stens are forned, when

forth fingllyp ths S@gme%rfqvmsﬁ%lpéo?nddé’éheahas hybedizesgare segaeng towards
e |
B e Mg AT CConsE AR, i ety eem o
hybhidizatdr S@gmngs pn sa@hmltgymgﬂnodléd is polmding e ardethe tcewarsofitioe
e eIofe nter.. Furthernore, .a co
Sk Sierege BF Dol oS BeTRI P e N0 B sieugpre. so,
wﬁﬁgm%etypéﬁl obsligonadle@iesisleastd e stefisradonaed, #hen four types of

encod| of the _ chem cal gro art|C| ating in the
oligraugleatidesyie g fPuaRiembHe &faﬁg ﬂk}%mlfrﬁ GRHUE 1SE0Pi Bles

as%&d@eﬁ%ﬁ%ﬁf s%@ﬂ&ﬂﬁﬂ%a‘éﬁ%h@&ﬁ%éﬂ&r fhus alldweielg ‘ﬁﬁfx‘iﬂqﬁﬂ? guided
modul es herein. Consequently, a carrier nbdule has a

cheméqal rastiogs tugreur mhia@mtqu Bnthsprewefd ewdee @m@nvgﬂlgﬁld sitgated
e)\lge?-gaq T thyln?bltlc%é}qast '0191 nt e?ic%“ &‘g@anQMe “t%#ué’ £l!:0§¥1?$ 81}codmg of the

I'es’rs ol'res’ o

chemnial gmulf)man&ammgms tlielcnmtlaﬁ ef ths egictidicrodutitithet 0 a
certﬁln enbodi nent senbled ol onucl eo |d S are

oligapw Té%?@%%%}bﬁﬁ"ﬂﬁte% ?“i“F FHPPS RT3 e eATHEn Y rem.

C&REGuenY, ABarrfX GRAL1HAS a cRdnBicAll ggﬁipeﬂvdﬁb(%ltioﬂ% ecific segments and
formations to forma conti nuous i gonucleotide wth

a ¢pdgn. Bgdornation pheprodedreniabingteriad |11§tarﬂﬁglswlow%wwremoamres of
caﬁqé}%@ﬁfea? r eﬁ@ sitRiAR? uJeg %cc%mﬁg Bt ééﬁ%fﬁre&b%ﬁl}n&? the

OF ext a sultable enzyrne.
asmmiﬂaml@mhhgleottdhearemmdle maﬂemlabw orchnmpptikialyle ihlon ﬂreyemam ibeach
u% ected to sel CtIP ? 2
stem, except one, are ligated via loop Tormations to form a continuous oligonucleotide
with a 5’ and 3’ termini. Thus, consisting of one stem and a number of stem-loops, the
star structure can be amplified by PCR or extended with a suitable enzyme.
Consequently, the combinatorial display library can be subjected to selection and the

enriched library members identified through their encoding oligonucleotide.



enriched library nmenbers identified through their
encodi ng ol i gonucl eoti de. WO 2006/ 048025
wEQn6KPRD5/ 000714 11 Accordingly, an aspect PET/DKEe005/000714
invention relates to a nmethod for creating one or nore
chem cal structures conprising the steps of (i)
providing N (N = 3-100) carrier nodul es conpri sing:
(1) a first position carrieldlnodule having i) a
nucl ei ¢ acid segnment capable of hybridizing to a
A?F@Edl@g % AcAsHecs egﬂm ivenfion iglatesip pasthoddpr @eatingene or more
cid segnent capabl e of
Chﬁ@b %mzcﬁﬁgs%ddpr%mgl{ﬁé&% o? a second position carrier
(i)rmdwtlmgl‘{e\) =r8- pHS carrienmodules @mpmsohgl e(s) (n = from 2
to é% ?]1 % a nucl eic q@l d segnent capabl e of
hybrt & FhBOsiRonSariFr mpdpls Vi ds segment of the n-1
car ri) @ hudleid dkid.segrdéil cahaBlOf BBridiging tSL BRI a(ﬁ@ eﬂt@fthe
hybridi zing to a segnent of the n+l carrier
and X BysiRoNcasaYimedye: @2t ri er nodul e having a nucl e| c
aci 4SSk f&gp,
amg ?egrre%aco gtcl%f’abl%gﬂ}{bg?& 82‘% rgogy%éﬁg e| c
aci cpositigmeariccmpdib,e of hybridizing to a segnment of

sai irst.carri.er e,  wherei east t.hree

ol d2bh PR mER TS - AR T 8 D bR R mubiRigReement
gr oUuppdtIEDf hybiritizaicad shif nhleicatids seeidnosf the hvieRid: iddule,
hybri di zatj on segnments or in the vicinity hereof and

opt iA&Nuglels aculRsamersaRable of hYGafhéalgész@é?%qnt phthg sl garrier
the hyhid dhgation segments; (ii) contacting said

carrier rodul es under conditions all ow ng

hy br(3b# Matosidian edrrisainddulh hingid naﬂmo acid eggreant sapablewd

bri r}g/;l:»ogmln& tg ﬁelci] %ucl 1%|ac1g rsg%rﬁ) a?d ﬁr Ioc)z(all [ E'X u}(\% grré(f a nucleic

t he nme mca I S aSSOCIl a

| easicidosegmerit capabde @nylbh&nrzmgnd dlsegmddt desuid Bt Edigertmddlle,
nunber of carrier nodules used in the formati on of the
chentR®&$™ structure. Thus, when three carrier nodul es

ar e JHeas tide bh@ué Qarrﬂatmmuéafcomaﬁs@mwted @rﬁehﬁ'é‘a‘i gfo%p (CG)
Nis 3, when four carrier npdules are used in

for mgpatgqi]lrbthe nhdseshembetwEen the hybndlzatlon segments or in the vicinity

hereof and optionally a codon segment situated external to one of the
hybridization segments;
(ii) contacting said carrier modules under conditions allowing hybridization of said
hybridization segments, thus bringing said chemical groups into proximity, where the

formed chemical compound is associated with at least one of said carrier module.

N denotes the total number of carrier modules used in the formation of the chemical
structure. Thus, when three carrier modules are used in the formation of the chemical
structure, N is 3, when four carrier modules are used in the formation of the chemical

structure, then N is 4 etc. n denotes the specific position of the carrier module.

Thus, when N is 3, a (1) first position carrier module is used having a nucleic acid

segment capable of hybridizing to a nucleic acids segment of the third position carrier



structure, then Nis 4 etc. n denotes the specific
position of the carrier nodule. Thus, when Nis 3, a
W@ 2906048083 position carrier nodule is used havP@ODK2005/000714
nucleic acid segnment capable of hybridizing to a
nucl ei ¢ acids segnment of the third position carrier WO
2006/ 048025 PCT/ DK2005/ 000714 12 nodule, and a
nucl ei ¢ aci d segment capabl &2 of hybridizing to a
ment of a second position carrier nodule; (2)
@@3@ rad e pudyicpeidisegraent canablecaf hbddipesitaa segEehehA segond
po@ff%k%h&ler Aol ﬁ'le,S Hg E@%Hﬁd a@?ﬁésﬁ G caf¥? Hoghlé'lggsehg fiﬁé g nucleic
nucl el c aC| KISt carrier €,
acamd:gmemmbmle ofalwbddmrm ndid maq:iaiblaeldsfsegmwnt oftthe firsg cdrdea
segment of third carri and (3
maGER e A Ruclbie bl BT EPneblet Dot s dsefehbot B pagrir
m&RIERAY (3)@aRRO bEsitdn dayiidt ntbdaieguded hading amuEleR a6idaedent
ment of said second carrier nodule, and a nucleic

oaa&qﬁO%@@@émn&:ta saisInecler apide seeames Asaidhsesondgirisimagiule, and a
mERA A S AAL oI MSBpker o ol Bl i
segnent capable of hybr|d|2|ng to a nucleic aC|ds
gﬁe 5 & 1 %} 8&5?})? tt:ha apa dupn %%&&a@%ggo%& el &cgi segment
capﬁgéremyb@lﬂlzmgste aandlefeasids | lsegmen@ af tht Esurtiqsbeition cdZkr module,
second position carrier nodule is used having, a
anﬁeauéliets 2414 gemeRigrRAbe e@w apfEingrio AypFmant 2f hepcprd Beition

caﬂr}é‘f' Irrﬁidﬁlea?) d5=5 %%Htpoglftloﬁ R&rikt MphulE "i’sr Isk@ fla\m?éjéjhl?olelc acid
a nucl éic acid segnent capable of hybridizing to a

segr@grrr@npabdﬁ ofttybridizingrte baad nuadeiapeids segngn{ 89 fitsharder module
anfl %Shuue{crﬁcf"(fj‘sre 1%1[& u ﬂhé «g I‘lH]‘.%Slq’ tlé] % 5%1?%1% h!)? dec!arct:‘le 8dule

ca a I'ZI'nGg ei'c aci
anﬂeeg#ﬁgmhlrd)ﬁositm csmb@ mzbdcla fig nsed havidg h auelsid cal sepmkst oapable of

cid se nt capahl e of hybridizing to a
iPEzing Y8 SR AL Ot ISEEIa Of B SSFPEGRERT mPRSF REAnucicic acid
se@ﬁéﬁt'c@ﬁab‘l@&hﬂy@nﬂ@nlg&@ﬁ' ség?ﬁ/dnﬂ 8f Ruith 6arBieCma&i18 afPGTE Rurth
capabl e of hybridizing t sai d nucleic acids segnent

pogition gargier modele dssed bfr‘Vll‘r‘ﬁﬁzlm“éﬂc agidl segnrant paviable € hybridizing to

s EEATELc A0PRLE 5L UL, BASOIBRL ol
capeﬂfle bf lobrideirg tera segolent of sasd ﬂstechrhétvﬂw@la nucl ei c acid

segnent capable of hybridizing to a nucleic acids
segnent of the fifth position carrier nodule, and a

WREENES §, rﬁg?l) £lrs® BOHIRIH cabrt atdd@1eqé udtiihalifh 2 infflefcQcR segment
s ment a second posjtion carrier  nodul e;

Loy ybeidivingge sinuplsls agide seemrentdile éfthsmﬁ}g@acqfé@r) mRflude, and
f
s uge}lceéc?d gegh%m%g&@é‘ be hﬁ?ﬁ&ﬁ{&et?% se%JrXQ{t lofh 8430 ES’TE(?H %}Pder

el cC gmant 0] Irst carrier noaul e
medule; (2) (n=2) second position carrier module is used having a nucleic acid segment

capable of hybridizing to said nucleic acids segment of the first carrier module, and a
nucleic acid segment capable of hybridizing to a segment of third carrier module; and
(n=3) third position carrier module is used having a nucleic cid segment capable of
hybridizing to said nucleic acid segment of the second carrier module and a nucleic acid
segment capable of hybridizing to a segment of fourth carrier module and and (n=4)

fourth position carrier module is used having a nucleic cid segment capable of



nucl ei c acid segnent capable of hybridizing to a

segnment of third carrier nodule; and (n=3) third
w@o®snusors carrier nodul e i s used having a nucl BCTDER@S5/000714

segnent capable of hybridizing to said nucleic acid

segnent of the second carrier nodule and a nucleic

acid segnent capable of hybridizing to a segnent of

fourth carrier nmodule and amdl (n=4) fourth position

carrier nodule is used having a nucleic cid segnment
hybaidizbigeo s4id nerlgioeeidcegogs opthe kb cusgrgaeiulgandianucleic acid

bvbri di zi o . . ‘ ¢ hi £.d
BR3Pl DU ko SRATERLRE SES bt
pdsitionicairizt mgdiile ivuseé bawng a abcléit il seamant eapablechiihebridizidg to

( fifth positiaon_.carrier nodule is used haying a
sofi i acudsiar By e SSpieE ey ot ke G kgt
caphtat 8f 15ybRidizH 5 A3EBAtnt OF sAdkitht EAHEL Hodae.r i er nodul e,

and a nucleic acid segnment capable of hybridizing to

a segnent of said first carrier nodule. The above

£al . i.di C e
AL SR, KGR 0L 34 BN i i
ofrthd tetrpinnoittuddlen-drid nrddigl reanknhodute Mddalneodhle N Hberetyy forming

for.mn cont,i nyous nuycleic, acid nolecule wth
2 P B plsE e ERTe NHK AirloRl BBt BB fyetical compound
ase e, Thed whitiNSis 3\eAniNub 6f Be fist heduld RUHoWEd toeatd 15t
nodule js allowed to ligate to a termnus of the _
tegppeRf thptraprkmadiesandartainings offthe seeondumedie irpdlgwed fosligate

to ?lhé:tggff@ tholafle! WaRh & i ]g Q?ﬁ%ﬁf? ge?h{lgga PliSe m glll.tbgfeél to ligate
to lajteratiaus of thesset@rdmodnde, ¢i=3) adersemsod thesdeind, m¢dwiSis aHowed to

Eis
atermnus o ule is allowe
1.t rtrn'ﬂnut}sj.‘gf the s otnd .rmdufl & i‘i al Ilowe% tod Ihgatt? &lo
1gafo s TP MOqH It AR E A T m9Auls Y Hl e dip HEFE 19 e
foatth pogale! When Mdt 8, (he2t hermihauisfithe fiidhddale MARGWN foigate to a
n=2) a termnus of the fist nodule-is allowe

(n i dto
tepopiga of oseEond P RE= DR PN Shischrplnedule tadipwad to
lig{aﬁer tFHRURIr@ Inotite, 29 PP RN bES ihFradhddpNed afiGved ﬂog%Eﬁ tb fhe

he third nodule, (n=4) a termnus of a third nodule
foigh micflwwehd aderniigest of theofoutie moflvlgris dllowsd i Hgatatrda terminus of
! of the fourth nodule is allowed to ligate to
théﬁﬁgbﬁﬁﬁﬁs of the fifth nodule. According to a
further aspect of the present invention, the N

osj.tion carrier nodul es ma be |i ed.to the firs
A@QF‘Jﬂ’i‘@’e‘P aréﬁﬁ?fé‘,sp"s?bo e P‘E?S%%/‘me’ét“&ﬁ’ F*%SW? BYSIHRIcqaER I%&diuiﬁs may

beAi B RUNO Helfir@Rag RIROUSEND A t6 trhG difcBlaPhudlsie hghc acid
and associ ated chem cal compounds made according to

t he nethod indicated above is novel since carrier
A g@rﬂﬂ&sﬁ?onccro%}igiﬂgg structure of nucleic acid and associated chemical compounds

made according to the method indicated above is novel since carrier modules creates a
novel “star structure” that are different from the structures created in the prior art. See

e.g. the prior art discussed in the Background section above.

In a preferred aspect of the invention a method is provided, which ensures a high
proximity between the reaction chemical groups and amplification of the entire genetic

code of the synthesis history of the formed chemical compound. Thus, in a preferred



novel "star structure" that are different fromthe

structures created in the prior art. See e.g. the
w@eioen4saes di scussed in the Background secti onPGIDKe005/000714

In a preferred aspect of the invention a nethod is

provi ded, which ensures a high proximty between the

reacti on chem cal groups and anplification of the

entire genetic code of theldynthesis history of the

formed chem cal conpound. Thus, in a preferred VWO
aspEOShOnRSs nRIPIDREIQUSISCONRINE crmeawéeles uRgfs Cﬁ‘?‘ié%@ﬁt

SIS PSR S IA0k PAat s i emotigs o

m&ﬁ@ﬂ@ﬁﬁ&mﬁphuﬂ brlnglng reactive groups into reactive
proxi mt an rOV|d|n ondi.tions allow.ng.rea
By gt R I TR ST FHE PR, EHE A Bejorned chefieal
c&@dm{%al&%séo%la@&ﬁ@ﬁh at1edlt Whd dard ioRaRt alene carrier
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be added to form the star structure.

After the chemical groups attached the carrier modules have been brought into close
proximity in the reaction center, reaction is effected. The chemical groups may be
designed such that a reaction occurs immediately when the groups come into reaction

distance of each other or the groups may be designed such that an external component is
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When the chemical group is attached to the backbone the point of attachment is generally
at the phosphor of the internucleoside linkage. When the nucleobase is used for
attachment of the chemical group, the attachment point is usually at the 7th position of
the purines or 7-deaza-purins or at the sth position of pyrimidines. The nucleotide may be
distanced from the reactive group of the chemical group by a spacer moiety. The spacer
may be designed such that the conformational space sampled by the reactive group is
optimized for a reaction with the reactive group of another chemical group in the reaction
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chemical compounds, i.e. chemical compounds with a desired property. One way of
obtaining this information is to quantify the amplification product, through well-know
methods such as QPCR or standard PCR combined with microarray. The information
may be used in the formation of a second-generation library with a reduced diversity, as it
is only necessary to include carrier modules in the library, which are successful. A

reduced diversity library is also a focused library because the abundance of chemical

compounds with a desired property is higher.
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PrOPisSi on (PCR). PCR anplification is suitably

performed after the selection has been perforned to

Accordingly, a second aspect of the invention relates to a composition comprising a
structure of nucleic acid and associated chemical compound or a library of more than one

of such structures obtainable by the method indicated above.

A library of chemical compounds associated with a nucleic acid coding for the chemical
groups, which have participated in the formation of the chemical compound, can be form

by using a repertoire of carrier modules on one or more positions.
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carrier nmodules at 3 different positions. In other
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the formation of a library of a mllion conpounds.

Simlarly, a library of 100 mllion conpounds can be
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iti The invention also relates to a nethod for
(mggg%%ﬁﬁ$§esﬁgﬁule substitution. The nethod

a) providing a single stranded contiguous nucleic acid sequence comprising N
hybridisation segments and complementing hybridisation segments as well as N-1 non-
hybridising segments between the hybridisation segments and complementing
hybridisation segments,

b) hybridizing the nucleic acid under conditions favoring intramolecular hybridization,
thereby forming a continuous nucleic acid, at least containing N-1 stem-loops and one
stem;

¢) introducing a break in said stem or loop thereby creating an overhang which at least

contains a codon segment;



conprises the steps of: a) providing a single stranded

conti guous nucleic acid sequence conprising N
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segnents as well as N1 non- hybridising segnments

bet ween the hybridi sati on segnents and conpl enenti ng
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provide a next group of carrier modules having at least;

a nucleic acid segment capable of hybridizing to said stem, and a nucleic acid
segment capable of hybridizing to the stem of the adjacent stem-loop, and
optionally having a reactive group associated, and having an anti-codon segment;
and vi) provide conditions allowing enzymatically or chemical ligation of
hybridized carrier module to the recessive termini of said overhang; and
repeat steps i) through vi) N-1 times; and
f) introducing a break in said stem-loop structure consisting partial of said first group of
carrier modules at least leaving said anti-codon segment connected to said first carrier
module; and
g) denaturating the nucleic acids; and
h) hybridizing under conditions favoring intramolecular hybridization thereby forming N-
1 stem-loops and one stem; and

i) optionally, providing conditions allowing reaction of said reactive groups, where the
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a linear or circular nucleic acid is forned.
According to a second aspect, the contiguous nucleic
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as beads, covered with streptavidin. Depending on the property of the solid support it
may be isolated from the remainder of the media in a number of ways. Presently, it is
preferred to use magnetic beads, which easily can be isolated by a magnet. After the solid
support has been washed a number of times, the sense strand is allowed to self-hybridize
to form the star structure anew. In a preferred aspect, the re-folding is performed by
instant cooling. The star structure may be maintained on the solid support throughout the
module substitution process or the star structure may be cleaved from the solid support.
Suitably a cleavage of the stem attaching the solid support and the re-folded star structure
is performed with a restriction enzyme. The ability of the restriction enzyme to perform

the cleavage is actually a test confirming the intramolecular folding,
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the chemical compounds encoded by the enriched library members or the nucleic acid

representing such enriched library using the above method of performing module

substitution.

In one embodiment, the present invention provides a method for amplification of an
enriched pool of library members having the desired property. The method include that
the PCR amplified oligonucleotides are allowed to hybridize under conditions favoring

intramolecular hybridization, whereby the star-structure, consisting of a stem and a



The enriched pool of |ibrary nmenbers having the
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The contiguous nucleic acid sequence used in step a) of the module substitution method
described above can be provided by “breeding”. In a certain embodiment, a breeding
method include the steps of:
digesting intermolecular hybridized nucleic acid structures derived from an enriched

library with two consecutive restriction enzymes, which eliminate the covalent linkages

between the module in question and the remaining structure,



enzyme capabl e of |eaving a codon specific overhang

for this second position. Digestion wth this second
WO e®b0iso23 on enzyme thus elim nates the coval ePCT/DK2005/000714

i nkage of the PCR anplified first nodule to the rest

of the structure. The star-structures are denatured

and subsequently allowed to hybridi ze under

conditions favoring internoRécular hybridization. The
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denetnring theidegestedsugtaredn position one (with an
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di gested structures, thus allow ng for exchange of a
seqTel T Reviding cindigalsson speci fying the modul e in
guestion to obtain breeding, and ligation of the
appropriate termni. According to this nethod, carrier
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ro%gg ifgrin%ddu‘{\éhs%gstitution, is digested with two consecutive restriction enzymes,
which eliminate the covalent linkages between the module in question and the remaining
structure. The star-structures are denaturated and hybridized with a repertoire of carrier
modules for the position in question. The position specific constant segments are thus
guiding the hybridizations, equivalently to the creation of the primary library. The
appropriate termini are ligated and the formed product pooled with the codon guided
assembled fraction of the library, leading to a diversification. Consequently, rounds of

selection, amplification and diversification can be performed, thus allowing for molecular

evolution.
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wo piwcmesp23 s added before all ow ng rehybri di sat PONDK2005/000714

Alternatively, the carrier nodule as such can be

added before allow ng rehybridisation. Wen new

genetic material 1is added to the gene pool this is

simlar to nmutation in a bléﬂoglcal systen1 The

ibilities of perform ng breedi ng ati.on

n@a@f?@rﬁr@wél AR regh MV sRT T O Yfles 3 neiha R brest et oo

enRBh@MPrAtY ] @0s Aldwiks Hﬁlééuﬁf Hoi@on! & tB@EroBéHs 'dEs%hbed above for
evol utioh process in search for new d

the amplifiraties of Tdisplay hhlaay, @ératcmrrpféh%bwwen feacht ngqencbfoeé gwdule
subﬁ}fl?tnt | %rq geb&{ IVgﬁlStW% cgﬁgep tgve rgsrmct%k eﬁ%iﬁnés' %ﬂfck%pm%atea@le
enri I on.

thus a ar’ evo
colvaieﬁth&mpgas (beﬁ&en dﬁ:&ﬁ(ﬁdlﬂkﬁﬂ cpbmoe ahdthetrbraaiaimg|sirfictast Thestar-

of a dis I|br ction of e librar
stigitpfs Spci T atieeg)ann Buriciec, B pesumaReciRe cosBaticbmeqis epe thus
guii iR ﬁfémwﬁd&du\bﬁs ERPdllowahd SRh&IPEOTBR moddM Bhyusiiionl Nat e

t he coval ent |inkages between the nodul e in question

bregdéng: Rbe preRRTiftigrmisi #1g digeied andrihe fermed psadudcragiesevid e
cog&{] gﬁlﬁéﬂsggndﬁ%ﬁwgﬁ'o? H?eqﬂ\r tlgacﬂné %Qec{rsé?%lﬁ@atﬁ)fn

car s for ftionTn ques
Coeequenthy) rapde bf sedaecuomsmmluﬁc&mglmmmfmatmrt dnddr eegmgcban Be

h zat| |vaI ntly to the creation of
pefflfj? ?ﬁ’:’/ﬁl’r‘ﬁrabo‘ﬂng 1)9016 Y VePSpriate ternini are
ligated and the formed product pooled with the codon

gui ded assenbled fraction of the |i brarqv) | eading to
Inan‘a‘#lvefm&%wﬂ%m@@h%ammnrwdqrs@un@bo for crsating t i on,

BRIt S e R
m@(ﬁl‘ihmfm@eﬁ dgithult@akohsly ansﬂqhemaﬁprtto/dxsneﬁe g Qlﬁ@gonal
t id et hod b di
on G e B R R e ol b Ard G S i
mdduldshatpuoLERG. descri bed above for the anplification

of a display library, a fraction of the library in
each round for nodule substitution, is digested with

In bYO eMBSHEREHL ih¥ %1 dsEiittifidentib@ProSiiey Srﬁl%thombrccl?eeﬁllnb %Bﬁﬁﬁtonal

the coval ent I'i nkages between the nodule i n guestion
digpley lithieries efedtalygacitvityclnuhie aspEhighe tarier rsoctuh@taw asociated with

reag%gg%igegiﬁg%tgoglgrlga% pi{aél ﬂw s?:% strucqgre %flées A ati eCI gor a t}tn‘e% ns

the

diathialal mnlggnax@ﬁ&regefuﬁéndﬂaﬁnmdul e in quest| on, i.e.
breedi ng. The appropriate termni are |igated and t he
formed product pooled with the

The above-described aspects and embodiments show clear advantages over the prior art.
To name some, the various possible embodiments of the present invention show one or
more of the following advantages: 1) a unique method for assembly of a combinatorial
display library, 2) a unique structure for proximity guiding of chemical reactions, 3) the
chemical reactions are highly independent of codon sequences because these are
separated from the reactive site by constant segments, 4) high accuracy in amplification
of display library as only codons on a relevant position are capable of guiding fresh

carrier modules as only these contain a termini to facilitate ligation, and 5) if accidentally



codon gui ded assenbl ed fraction of the library,

leading to a diversification. Consequently, rounds of
w@edoeossoes, anplification, diversification andP@r/BEAINGH0714

can be performed, thus allow ng for nol ecul ar

evol ution. In another enbodi nent, the present
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Fig. 7 shows an embodiment of the invention involving an immobilized substrate.
Fig. 8 discloses the experimental results of example 1.

Fig. 9 depicts the results of experiments reported in the example 2.

Fig. 10 shows the result of the experiments according to example 3.

Fig. 11 discloses the results of experiments reported in example 4.

Fig. 12 shows gels obtained in the experiments described in example 5.

Fig. 13 depicts a native PAGE gel from example 6

Fig. 14 shows a gel from the experiments reported in example 7

Fig. 15 discloses a gel of a re-folding experiment of example §



sequentially reacted. Fig. 1 c discloses a nethod
whi ch uses convergent synthesis of the chem cal
weomwpowoes Fig. 1d shows a method in 5 steps POI/DK2005/000714
formng a library in which each nenbers displays the
formed chem cal compound efficiently. Fig. | e
di scl oses a nethod in which the | oops are added after
reaﬁtgop of tlh1? chenical gP®ups. Fig. 2a discloses a
method for self-assenbling of conmbinatorial library b
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evolution. Fig. shows an enbodj nent of the invention
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FIH:@ %%%’g@?ﬁ%ﬁlanreﬁﬁéﬂrﬁe%t RlpofxbiiRkemple 18 9. 9 depicts

The resul'ts of experinents reported in the exanple 2.
Figi 23 shb@/slsigghﬁomhie expgiment eeportebinexpapledent s accor di ng

to a e 3. Fig. 11 di of
Flgx?ng@%l“ﬂgﬁtg% &¥ 1efﬁ%nr1 tgheeoe b 3 %‘%é‘?(%‘t‘rgﬁg‘%i‘%dhﬁ ie{é&&}!'ligtlg'h ows gels
Fig_mmh?g@ éﬂlmmﬁ of Xipasxberandis skteacini daemipler 7exanpl e 5.

Fig. . epicts. a native PAGE .gel from.exanpl Fi g.
Fig Tk HEE5<s g e S S PERPEIINGHIESY PEdh CEPR S
Figxmo%s% nohlrftivd PAGESE! SSRSndividahl s@dps @ the phddkshiwded in

xperi ment of exanple 8 WD 2006/ 048055
eﬁ?ﬁ)ﬁ@l@gos_/ 000714 26 Fig. 16.is a schematic di agram

0 e desj WP
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experinments disclosed in exangle 12
Fig. 32 shows gels of a study on the electromobility of the star structure.

Fig. 33 shows a schematic representation of the translation process.

1)<}

Fig. 34 shows the result of the experiments reported in example 22.
Fig. 35 shows the result of the experiments reported in example 22.

Fig. 36 shows the result of the experiments reported in example 22.

Detailed Description of the Invention.

Nucleic Acid

Nucleic acid encoded chemical synthesis as described herein permits the production of
combinatorial display libraries and the performance of selection, amplification and
evolution of a broad variety of chemical compounds such as small molecules and non-

natural polymers. The nucleic acid serves multiple functions, for example, it brings



Fig. 21 Discloses a gel froman experinent reported in
exanple 13. Fig. 22 shows a gel froman experi nent
WO eonisees i n exanple 14. Fig. 23 shows a gel PCDDK205/000714
experiment reported in exanple 15. Fig. 24 discloses a
gel fromthe experionent disclosed in exanple 16.
Fig. 25 shows the results of the experinent shown in
exanple 17. Fig. 26 di scl 0s&4 the outline of the
experinental strate sed in exanple 18 Fig. 27 shows
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brée%ﬁ-%rotf% érﬂlcglxc% | EndS- Fig. 30 shows a picture of a

encl ng e occurrence of a reductive
am nat i on. Flg 31 discloses a picture of a ge
eV|%§nC|ngthe occurrﬁnce oflurFa ttacP Fig. 32
dBrELGYSed I aseRILIs ANt Releatlecr e 8 moeyulawméen more
at 8tigle, Structure. Fig. 33 shows a schenmatic
representation of the translation process. Fig. 34
shows the result of the experinments reported in
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di splay libraries_and the performnce of selection,
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nat ur al I C acCl serves
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in two steps, in which the first step includes a cross link between the chemical group and
the receiving entity and the second step include a cleavage of the chemical group from
the carrier module to complete the transfer. An example of the former type of reaction of
a reaction is a carrier module having attached a 5-membered substituted N-
hydroxysuccinimid (NHS) ring serving as an activator, i.e. a labile bond is formed
between the oxygen atom connected to the NHS ring and the chemical group to be
transferred. The chemical groups can be transferred to a recipient nucleophilic group,
typically an amine group, which may be present on a scaffold. The remainder of the
fragment is converted into a leaving group of the reaction. When the chemical group is
connected to the activator through a carbonyl group and the recipient group is an amine,

the bond formed on the scaffold will an amide bond.



The nethod may be used to assenbl e one nol ecul e,
trillions of nolecules, or even nore at a tinme. The
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Preferably, the reactive groups are brought into reactive proximity of less than 100 nm,
more preferably less than 50 nm, even more preferably less than 25 nm, even more

preferably less than 10 nm and most preferably less than 5 nm.

In the prior art for single-pot synthesis of DNA encoded display libraries allowing
amplification, single stranded DNA templates with codons spread out over the length of
template are used (WO 2004/016767, WO 2002/074929A2). The templates are

responsible for recruiting transfer units having proper anti-codon sequences from a
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a bond or a segment. In contrast, the termini are pointing outwards, thus giving the star-
structure. So, when three types of oligonucleotides are used three stems are formed, when
four types of oligonucleotides are used four stems are formed etc. A chemical reactive
group (CRG) is conveniently associated to or in the vicinity of the mid section on each
oligonucleotide. The chemical reactive groups are thus brought into reaction proximity,
as the diameter of the DNA double helix is around 2 nm, thus allowing proximity guided

chemical reactions to occur in or in the vicinity of the center.
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hybridize to the growing star structure, so as to bring reactant Cp into close proximity of
reaction product of the preceding reaction, whereby a reaction is promoted to produce the

final chemical compound Ca-Cp-Cc-Cp.

Fig. 1c discloses a convergent synthesis method, in which the initial reaction steps follow
two separate pathways. In a first series of reactions carrier modules A and B are

contacted separately under hybridisation conditions in a first container. Hybridisation
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star structure. In the second step the hybridisation complex is ligated at the termini of the
carrier modules so as to form a continuous nucleic acid. The proximity of the chemical
groups at the center of the star structure promotes the reaction and in step 3 a product is
formed, which is attached with a linking entity to the nucleic acid coding for the chemical
groups which have participated in the formation of the chemical compound. In step 4 a

priming site for a polymerase is ligated to the star structure to enable extension of the
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In one embodiment the present invention relates to carrier modules, where the
oligonucleotide portion consists of DNA, RNA or analogs hereof and in any
combinations hereof. The oligonucleotide portion is capable, at least after modification,
of being an appropriate template in standard protocols for nucleic acid replication and/or

amplifications.
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oligonucleotides, but yet minimizing reactions with unpaired entities. Moreover, the
association between the oligonucleotide and the CRG may be through a covalent bond. In
certain embodiments, the covalent bond may be more than one.

The linkage can be cleavable by for example light, oxidation, hydrolysis, exposure to
acid, exposure to base, or reduction. A variety of linkages useful in the practice of the
invention is described in the prior art (Fruchtel and Jung, Angew Chem Int Ed Engl, 35,
17, 1996). The linker assists contact of the reactants and in certain embodiments,
depending on the desired reaction, positions DNA as a leaving group, where the linker is
cleaved as a natural consequence of the reaction. In certain embodiments depending on

the desired circumstances reaction of one reactive group is followed by cleavage of the



exanpl e the oligonucl eotide may be prepared by any
nmet hod known in the art for synthesizing

w@biogossees eot i des, e.g. solid phase synthesis PGI/DE2@E/000714
aut omat ed synthesizer. digonucleotides follow ng
synthesis may be associ ated when desired (for exanple,
coval ently or non-covalently coupled) with a CRG of
i nt erest using standard couéﬁing chem stries known in
the art. In one enbadi nent the present .invention

lirken aftaghed; t assGanParacHiRIgon: o YifldPeodusts vethoytlearinghehing
R j [ I St 4 he md section
M%ggﬂeenIﬁfg&ﬂgg??gggg?%k%&hgggﬁgﬁwgﬁgﬁhin the vicinity
hereof . The m d section nmay be a phosphordiester

| i nkage,. derivatives ther r a.nucleic acid e
ingp e men 0 Kt T sr e e 5 sBufiadd el qegssociaton
of tIRO@R GAB Thelighnec1ehtiit eecursthtonkk thrdiadki®he oY the nucleic acid

preferentially to locations close to the md section.

Preferably, the vicinity of the md section relates to

In 'fﬁé SmbH@meAOnD Prk &R trvARTon reARE S RIrRLSh&RN% {Vﬁcr?]@ éﬁeha'%%ciation

0 nucl eotides, even nore preferably Iess fhan 5
ofthecCRG1t thesolisamerlentide ishioigh tislbysd. &xaprefrared zmbodiment the
CRY 94 %es%c'l qg«? 10, tlmgngrne\/a?sm%cﬁ&groégﬁ b&{d?rlsée& ) NVENtion

relates to carfler nodules, ere an association of a
CRG to an oligonucl eotide occurs via linkers or
spacers,. which are long. and flexibl.e epough to allow, .
m@ﬁ%emé%@wgmtﬁe PR ST Y SRiRTgelatea & ST PR pyere flifeassociation
of hd KRGS0 el RbRMIdoRkE ¥loWhA¥sd frdu@RSYR 134 p%gm&e,tm Qdast
to permt reactions between reactanfs paired by
afig itgysmedkleot i des, but yet minimzing reactions wth
unpaired entities. Mreover, the association between
t he ol i gonucl eoti de and the CRG nay be through a
Inoay almbodimeointle ptesent apehtEinrelats cucameatsoduidsewheae sliesassociation

bon be nore than. one. The |inkage cap .be .
of dreCR BEY ey B e e Bl RRRPEA bifpuisargded to the
ol RYRRIMiiSe bl stAptalidieRABHeE td Be lTRIB hefde dnaflidficti®betdeen
variety of |inkages useful in the practice of the

bigtinandtsirepiayidinpsseciatisdle pligonndeqiide gpd et CREmijdpaeh othprgon-
COJMQ%I.AngeMIChenwlnt Ed Engl, 35, 17, 1996). The
T Rker assists contact of the reactants and in certain
enbodi ments, depending on the desired reaction,
positions DNA as a | eaving group, where the linker is

Cﬁ%gﬁﬁgﬂﬂéﬁ(ﬁlﬂﬁgﬁ{al consequence of the reaction. In
s depending on the desired

Bldafl YARE AR ESRpIRAE hAdPE 10FarRE6F & h¥EcatRWPegafed using th
Afé%l&ﬁ%% by c?eavage of t%e WO 2 06/04:38025LbtiJeIJa usme e

memdsOksaisd bewinl In ceptain embodiments, compounds that are not, or do not

resemble, nucleic acids or analogs thereof, are synthesized according to the method of the
invention. In certain other embodiments, compounds that are not or do not resemble,

proteins or analogs thereof, are synthesized according to the method of the invention.

In one embodiment the present invention relates to sequential chemical reactions of

proximity guided reactants. For example, by use of orthogonal chemistries or the use of
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In one embodiment the present invention relates to CRG forming small molecules or
polymers. Known chemical reactions for synthesizing polymers or small molecules can
be used in the practice of the present invention. The chosen reactions preferably are
compatible with nucleic acids, such as DNA and RNA or analogs thereof. Reactions
useful include, for example, substitution reactions, carbon-carbon bond forming

reactions, elimination reactions, and addition reactions.

The CRG or reactants include a variety of reagents and can be any chemical group or

reactive moiety (e.g. electrophiles, nucleophiles) known in the chemical art,



di ameter of a double helix is around -2 nmthus

al l owi ng positioning of several consecutive CRGs
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monomer unit into the growing polymer chain, Preferably, the two reactive groups are not
the same so that the monomer unit may be incorporated into the polymers in a directional
fashion, for example, at one end may be an electrophile and at the other end a
nucleophile. Reactive groups may include, but are not limited to, esters, amides,
carboxylic acids, activated carbonyl groups, acid chlorides, amines, hydroxyl groups, and
thiols. In certain embodiments, the CRGs are masked or protected. (Green et al (1999)
Protective Groups in Organic Synthesis 3™ Edition, Wiley) so that polymerization may
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Preparation of Combinatorial Library

An important practical difference between traditional and nucleic acid guided library
synthesis is the scale of each manipulation. Due to the amounts of material needed for
screening and compound identification, traditional combinatorial syntheses typically
proceed on nanomol-micromol scale per library member. In contrast, nucleic acid guided

library synthesis can take place on the femptomol-picomol scale because only minute
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pos%c}nrs] are initially combined and subjected to a nucleic acid guided chemical reactions
between the attached CRGs. Depending upon the circumstances the library can be formed
by multiple chemical reactions, wherein each intermediate product is purified before the
subsequent round of reactions. Preferably less than 20 chemical reactions steps are
required to create a library. In other embodiments, less than 10 chemical reaction steps

are needed, and more preferably between 3 and 9 steps are needed to create a the library
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The selection strategy can be carried out to allow selection against almost any target.

Importantly, the selection strategy does not require any detailed structural information

about the target molecule or about the members of the display library. The entire process

is driven by the binding affinities and specificities involved in library members binding to

a given target molecule.
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identification by e.g cloning and DNA sequencing,.
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the forared sherpigrlrroRpeuRdis Sbb%‘?aﬁl%gy aWPE §° RfP uCr‘?ot

mﬂ‘@! %Ipfeg 8{%‘@ BEclRIBRE whit@ c8&dsG6i thé @}Fntlﬁésﬁr}ﬁs”t&yr&fmer S

a proteln expressed on a cell surface,
ccﬁmﬁdundldlspllaymg thecdeairerba ffipity.  he ol fiedmycigie agig é@blp%qequemsed

bYAa g%‘%ge&t ?3"1’?[] S@S?Qéiﬁ eC agsntgglleyosd% %{hﬁo‘lﬁ}\%}e‘@%&? b o n a%e

pdHifigatdint tBe Ebticniof the @udbmﬁ*btmpomﬂazkltanmvely, the ampllﬁed

internalized so that the, receptor to er mnth t he
nysiloielpgig caroesisafl £rhgbamation of angxt %Fi?f’faﬁ Dhucl eus,

or other «cellular conpartnent, such as the Golgi or

| ysosones. Isolation of the conmpartnent in question

| eads to partitioning of library nmenbers being
QLELéﬂ@ﬁEmzed fron1non internalized library nmenbers

Sgl@q;tg)élf, ?qmﬂﬁl Bg)gameé, su%@s 3 i}%lc Oﬁ\(/)g"e{/e nZtélloﬂal g‘c%QAt}es (An also be

é%rﬁféﬁ | Oherd9! the%&8R108 sByuld Be Uesigned l‘s@ﬂﬂ’thit&ltbmy imegnbers with a
where a i brary is injected into an animal

deningd Actirfityican be seperatesd fﬁQ}B§@ﬁU]él?f9Ty)m?‘§}2ﬂr%t Qb XARP qe sglectmn for
ht)m v 1%?1){188? Rxmth ?ﬁﬁot?rf&' & r%aéﬂnd QfealddRrcah ¥e B@rf@ﬁfe& by having

argefe gan altni and Ruoslahti,

biNaif utteched &DcacB hsmrysmem@eﬂ;v thy hendeinquesiied. Parbiering wsing
nucl ei.c acld ortlo nma a f

szu}hg am %n @a];ﬁsehgbr W\/ eber %ﬂ t.lng ?%tgl ic E&fwt?l)f%\%%tﬁers

ArdaRt bl ﬂs@ae&wnefogmﬁb@nmgoeamumcsmm aagabmas Thls
2006/ 048025 PCT/ DK2005/ 000714 4ili Accor dj

capleperiosmediiyditagting 3 Sisu f5ech Te@peTem ?fg%‘ﬁémeﬂ‘f?nﬂy
;Iclhggn!’a g%b%trat@ td WAoot is aft RAEL. 1A0RaRIRDEEH $en RSttt SuB@rates

e enbodi ment shown in figure 2a, i s contacted
fovintitg abonmglattacjnulenn bo entilytip léhwaroinanehess. Ppititigpiag gping

streptavu?m can ﬁlen separaqe H;]rary me%lnbé:fg HBf?ﬁg‘ﬁ%é cgt"élf‘gfﬁc activity from others.

Selection for other properties, such as dimerization and/or polymerization may also be
performed. In this case library members can be partitioned by size of the formed

complex, using for example, HPLC, acrylamid or agarose gels or size exclusion columns.



affinity towards the target a binding will result. In

a subsequent step, binding library nenbers or a
woembeiso2aci d derived therefrom are partiti onePCT/DR2005/000714

nucleic acid attached to the fornmed chenical conpound

i's subsequently anplified by e.g. PCR to produce

mul tiple copies of the nucleic acid, which codes for

t he syntheS|s hlstory of thé2 conpound di spl ayi ng t he

d S|re fff The anplified nucleic acid can be

i Dnunber of wel | - known techni ques to

Aﬁﬁ?@%ﬁo%f ﬁlg Pﬁa?&“a 1@ tpﬁg{oglﬂdg %léltsla}ea llg%\éﬁﬂlgﬁjﬁr Lie }Hpe peldfonned
byAkandamatétuedly for hbeleiaapidiatiptificationc Thdse nitgiods GRS efoicI é)&%ple

polsBestit S et wuiandSnbrotal RGrenseisty 1138t 18gBAmeler acid
seq@ithéd-yised aﬂfahﬁﬁaﬂ@ﬁ (BB @&hpt@ﬁtNé{'ﬁlte' B9, 0f:3 19? g%trne }

ﬁfforned General 'y, the selection should
displpepmenpamplifipationNiedes & sAvgl Biochemy 289, r-é@-3é,cl‘)98) lsgllfc an

& ! e I
S SRl ep Ao o L A PR E L mici fos B9 o),
prigier extyusiony ambpﬂdsrmhampdx@eatmr(sdba“opﬂaﬁlpld%&&om ay FAgich, EF,
t I brar nber by the bond in
and MBblaBsrt BEDS i DEFHTR somts oY Fvalon damh ol Srings
Haslﬁaparahhetoky.br ary nenbers having the catalytic activity
fromothers. Another exanple is selection for library

menbers with bond formation capabilities. This can be
perfornmed, by attaching a substrate to each library

AsBERiRIC bf BREIS UPSEGURNIbYule 806G A Substrate to which

biotin is attachéd. A reaction between the two

In enshsbbicaliaent, thopigbeng irsveliunctelatds lto At 4s86blPaRbiificdt®n of an
rar memhers. Partitioni ng usi ng

t |
e“%‘iahF‘g b%‘ﬁ%f'&"?‘:"? T atsﬁﬂ"é’ﬁ‘d%%%{?%ﬁ“eh‘?fw% quli*é%brragy mamberg to
re-EBfte G AYpIdy. & &6 Eés\é'otf){n Eﬁlﬁ‘ﬁ‘e@ilbﬁf an enﬁ%h&ﬁp’%ﬂ% fll‘))rgry is

other properties, such di meri Zat1 on

formetyties phewing mqﬁyo@eg@tlmanmﬁlxﬁcm anldne-muembl}aﬁel
exejrﬁoﬂ% ak ¥hJ&‘%{‘fﬂ?f nthlg%b or elgcg(rg)n,g%gRb %ﬁi eﬁ é)ggg}rr%fﬁogde&of

enriched bbler}gnalembcﬂs amlaﬂewed(td hibridize apdd ﬁ'ﬁﬁdlth@ 2048025
00714 .42 ucl eic Acid Anpllflcatlon
iR <AL G (Y et G SHEPArpBTeIRGE 6 & wemaehed
nurhbd? o8 E¥mABHHEE Secfiald TERREh W‘lﬂ‘i@ﬁit a 18¥% §1tag @gxﬁaﬂ a recognition
protocols for nucleic acid anplificatio

siterfgt hErguictipr przyme, Which egnemaie an ovaskang vetteanebiginais |’mase(s) The
aml'ilggcgtgs'b‘agbéi) RERe s@(?%ggé in%he &eated §\%rﬁ£1g i cozn%(e)mer:llt?y Qidked to

cleic
contain a codon. Restriction enzyme digestion of the stem thus generates codon specific

overhangs for this first position. The restriction enzyme digested star-structures are then
hybridized with a repertoire of carrier modules containing the two constant segments for
the first position and a cognate pair of CRG and anti-codon. Consequently, codon/anti-
codon hybridization allows for appropriate pairs of carrier modules and star-structures to
be ligated. The neighboring stem-loop may also contain a recognition site for another
restriction enzyme capable of leaving a codon specific overhang for this second position.

Digestion with this second restriction enzyme thus eliminates the covalent linkage of the



sequence-based anmplification (NASBA) (Conpton, Nature,
350, 91-2, 1991), strand displacenent anplification

w@ bpep4sees al ., Anal Bi ochem 259, 226-34, 1998)CT/PERG05/000714
sust ai ned sequence replication (Mieller et al.
H stochem Cell Biol, 108, 431-7, 1997), opriner
ext ensi on, and plasn1d anpllflcatlon (see for exanple
Sanbr ook, J., Fritsch, EF, 4&nd Maniatis, T. (1989)

I.n: ecul ar oni bor at ory Manua
P@Pmﬁwgé Fpacule fgga%?{?ﬁe Ry leéfarmﬁdwgys denaturated,

anklisBBREYenltD aubﬁeﬁ%hﬁjbh&% bR k&&%s@%ﬁﬂ%m imolddifar
esent i hvention relates to re-assenbl ['ification

hybtidigatione Fh¢ sthiegiruciuseseary th‘?eﬁﬂ?tﬂé?ﬂ@ﬁrtedabmn‘dl enew sairion

méclitgép @{a %/f(.)sﬂfor? c{})ﬁ é&/ﬁﬁg dﬂ(?) S thgrgfgpnh cvgh§lﬁ a IBc?py? SR Focg 0§ on

case an enri
positioh the: d{ciilhapbﬂylslplr(hfe@er ate parforined neshibstithtesall pﬂsitmm m@allow for
rounds o | ection and lification .and SS q?
PrEBmI gl CRomisal TSRS OF PRRFE AL IAIRRS ol the disglay

111:&‘;5%2% thbl%gy E’l@ﬁlﬁé@éddfrb%%eﬁibﬂ&oFiﬁﬁﬂl}eP@R%ﬁ%lﬂé s1te§ MalyHReated

rary mbers are allowed to hy di ze und
to élaﬂﬁartslfr@ie@ref gorserrntly; wn@&ﬁlsg@ﬁtmﬁnﬁymhﬂp%@ns eyl re-

as%ﬁ D t%eqaeelf% 4 &1 dedifdh %nn&x%‘e%lt ﬁzgs.ll%gn g{hé%e%t(st%?g%{]gaﬁ

er of ‘st en} o0ops I's recreated
| oop may contaln a recognition site for a restriction

enz .whi ¢ enerate an er han i a ous
Inoae g the FREn e Sl i Pmticl s Prcififc
oveftRatLileMENRREclich &RMMES ISANENIY rddfrictibn 8thyhRs aeQBpaIdof
a codon, Restriction enzyme di gestion of the stemthus

fopaing oxerbangs Fadrmars daanrang spesifis wav@@e F39eh epryanesincdude i)
reRAStidnl ARymdsGith ﬁﬁﬁlgh%'b‘a%s%‘ ggﬁi\%htg uence, ii) restriction

star-structures ar a repertoire
enﬁmmuvttueroumimhes re@ogmmrnsqqgermh enct W restisipa nnzymes

nents, f the fi a ate
TR ok ol ias B Tt 0 Surd R R eofiyfes Rivae,
A}fh)mIAdiI ZBHILOBb AL, [Bov BE@%IaIMUﬂQBE:i\HI BglFD @mg BgéM@Ianar Bsgl,
modul es and star structu

BAL] Bt N Bt b b eebidsl, St Tyebirrt.on
Eadh 11851 BFiLaNQ5 N Eco 978 St dobs P Ak oRiL 2% ?ﬁaf’h@;}ﬁf Fokl, Gsul,

| eaving a codon specific overhang hi s second
Hip8sHpy 08111, Hyyd 88% Kepo3RiLtMaalHi MbQHcanLrMWDI, iPEiMIp Rfol, Plel,

S sh B oo B A 1P el B PL ISR Jftu

Ttholddl, cind, N.A¢wT, 85 BstBII N Bbs CIAI 6 dINSBbvOIB.
star-structure is denaturated, and subsequently
all owed to hybridize under conditions favoring

ThethéRAY &4diBT(the number of different codons possible) of an overhang is given
by the number of ambiguous bases ‘in the overhang created by the restriction enzyme.
Hence, for every N (N = A, T, G or C) four different residues can be chosen, for every H
H=A,CorT),V(V=A,CorG),B(B=C,GorT)and D (D= A, G or T) three
different residues can be chosen and for every R(R=A or G), K (K=GorT), Y (Y =C
orT),S(S=CorG)and M (M = A or C) and W (W= A or T) two different residues can
be chosen. Consequently, the encoding capacity is calculated by multiplying the number

of different residues on each position with each other. For example Sfi I;



hybri di zati on. The star-structures are thereby

recreated, but nowwth a new carrier nodule on
w@omsnisors one (Wth a CRG, and the stem w t hpCI/DE2005/000714

| oop, is now |located on position twd. Rounds of this

process are perforned to substitute all positions, to

allow for proximty guided chem cal reactions of the

proper conbi nations of CRGs#4t he di splay library is

ther e assenbl ed. Final | y PCR
pr| rﬁ%w{ﬁﬁ@ gated to the star-structure.

3’ ConNERUHER NIV NNCOURES. _Oﬁ’ sel ection and anplifications
and re- asserrbl% can be performed until desired

is grspling e A ethens BedRMic AT dhestopsistingfdf glree Ns)) thus hevingen
invention relates to the
en? ﬁ%be{}%ﬂﬁ% o%qgg{glﬂ c overhangs created by

AmcebetrrexmnplenAwHyrres. Suitable restriction enzynes are

,capg‘% (f; jg;m’ ng overhangs with nore than one

SpPEcl ‘equence. Such enzymes include i)

3’ resiogwGi®n. epzynmes w t h anbi guous bases in their
re,c:ograa i tign sequence, restriction  enzynmes cutting

crSting ffePversnE O r e Hdn g usshagingrieenaedting gapyeity of 2.

AdREE ek &hp10Fs By mes  perform ng ni cks (nicking
endonucl eases). Exanpl es of such restriction enzynes;

5" AL WNIAAGAGABI/NNNBY)L.,— BbvIl, Bbvll, Bccl, Bce831, Bcefl,
, BCl BseM |, BseRl, Bsgl, Bsi YI, BsnmAl,
3 Bsp?:ﬁmigﬁw&@\b 3 BstXi. Btgzl. Ddel, Draii,
crdﬁnﬁg hlh ovdﬂ’xﬁig,coﬁs’iﬁtl’hgbf @&tk N sEthlub ha&ﬁ@ﬁﬂ-@nco@ﬁg 55}51301ty of 256 (=4
Eﬂ % EcoNl, Espl, Esp3l, Fnu4H , Fold,
4 Hpy178111, Hpy188l, Ksp6321, Maelll, I\/bol B
Mrel, Mwl, PfIM, Pfol, Pl el, Sapl, Saul, ScrFl,

Secl, Sf aNI Sfi 1 St h1321 Tsp4CI TspDTI TspGN
A ﬂl@pﬂl groyp hfreitxl];tlon Trrzhimes are Ihosmmtr}ctlm ﬁdlzwmes dutBag biidly,one

R BB, TS 30y G

calgi'ci/tg;rfor byaniphe W’lmn‘n))&he mfoo@ﬁﬁcbrgsd:qwe&ncb aseatddinttiestem of a stem-
t he res riction enzyne. Hence

OGRAEOER g 1 (R0 St el ey o b s B8 i

an@tﬂé‘r @ﬁn@tﬂﬁﬁ&@ymé 01“111§¥ %Eééu&’é thé ﬁ?ﬁh dE R é:rge)rtcd Meﬁ}éng’cargn

B (B
pl‘lawpl‘eéweemndeﬁgit@l@egthcan be chosen and for every R (R =

S.(S=Cor

FO@;?’&E&}P?’M’? I\‘?I%:S Iﬁ lg%aq%lpg}]edgw Ff/\%“ mélr%pl'f }Llc e’d| fferent
5’ resCAUKSAGENNNe chosen. Consequently, the encoding
capacity is calculated by multiplying the nunber of

different residdes on each position with each other.
3> Forgepsaid@ntN | WO 2006/ 048025 PCT/ DK2005/ 000714

a digest results in;

5—-..CC-3

3’ —...GGAGTCGNNNNNNCGACT- 5’

in this example six Ns are present in the formed overhang, thus giving an encoding
capacity of 1024 (=4 x 4 x 4 x 4 x 4 x 4). However, it’s apparent that the number of Ns

can be chosen arbitrarily thus giving an indefinite encoding capacity. A small fraction of



5" - ... GGCCNNNN NGGCe... - 3 3 -

CCGEAV NNNNCCGG. .. - 5 |s creating the overhang 5" NNN
W0 2®6/0480k1s consi sting of three Ns, thus havi nBCEHDK2005/000714
encodi ng capacity of 64 (= 4 x 4 x 4). Another

exanple, Ava IIl; 5 - ...GOGACC... - 3 3 -
...COWd G .. - 5 creating the overhang 5 - GAC - 3',
thus having an encodi ng capééity of 2. Anot her

’che)’éc;fjl er;[]g;?% &ﬁ%%}e sequencg-m g}l%g&amcg can't ggl g?%%g’m‘ely tﬁ'ose_
s RaRES I fg%freé&%fho'}ﬁeqﬁelﬂé’ésomﬁé/fe@@lcﬁéh &nRSRLINGse.
capacity o = X4x4x4). A special group of

restriction enzynes are those restriction enzymas

FM&H’I&Q a%?éﬁng?&%om%léa@? ganh aéa(fé(é %ﬂﬁﬁﬂ a2l oV H%alng }]tléa-l'—p %%Sth,

enzynes ve |
foa:amnpléy for exarrpl e, when i) the recognition
ﬁgﬁg elslocatedlnthe stemof a stem | oop
5 or ii) used to create a term nal overhang,

50r, IGG/TCAKGGNNNNWMNaBP on with another restriction
enzyrre This i s because the |length of the created

YoverHahgTESANNNNNNNCP bl e be of indefinite Iength.

Eggstg anphe. N BovC I A located in the stemof a
oop Structure; 5 - ...CC TCAGCNNN 3' - ...

S’GGAGKCEBNN  a digest results in; 5'-...CCG3 3 -

- 5 in this exanple six Ns are
qpreg§$§%§§%$ﬁ§m&§§ﬁ§§ overhang, thus giving an
ardncodi ng capaC|ty of 1024 (=4 x 4 x 4 x 4 x 4 x 4).
Fbmever; it's agparent that the nunber of Ns can be
thus giving an indefinite encoding

Inocﬁi@ %ﬁ %} éh?lr@ bie Présfiilih AR BimMRRERRL AAROAPing an encoding
capamty of 65536 (=4 in the gt power). However, it’s apparent that the number of Ns
can be chosen arbitrarily thus giving an indefinite encoding capacity. A small fraction of
the total number of possible sequences in this example can’t be used. Namely those

sequences forming a recognition sequence of the restriction enzyme in use.

Furthermore a nicking endonuclease in combination with a restriction enzyme can be
used to create overhangs of arbitrary length without any requirements for a stem-loop
structure. For example

N. BbvC IA combined with Eco RI;

5’ —...CC/TCAGCNNNNNNNNG/AATTC... -3’

3’ — ...GGAGTCGNNNNNNNNCTTAA/G... - &

a digest results in;

5-..CC-3
3’ - ...GGAGTCGNNNNNNNNCTTAA-S’
and;

5’ ~ TCAGCNNNNNNNNG - 3’

and



45 the total nunber of possible sequences in this
exanpl e can't be used. Nanely those sequences form ng
w@200e0e923 t i on sequence of the restricti on enzp@EDKR005/000714
use. Furthernore a nicking endonucl ease can create a
term nal overhang of arbitrary length, for exanple N
BovC IA 5 - ... COTCAGC - 3 3 - ...GGAGICG - 5
a digest results in; 5 - .4 cc - 3 3 - ...CGGAGICG
) nd,5" -TCAGC - 3' In this exanple eight Ns are

> ﬁﬁg‘éqéﬁﬁﬁ the formed overhang, thus giving an
encedi@g s’capacity of 65536 (= 4 in the Bch power).

. However, it's apparent that the nunber of Ns can be

in gH% &Pl ¢iektNs 4rf preseny in Gic ormed anethamiz thus igt\engm@?bdlgg

[ _ I t ' fovad tal .n er

o b5 the & e Biofever 13 b B i W Glyger ot

canberehosen mbgarilstgs givoesnfindafinitg eacodigegpdicity OR ssial haog® of
of .the restriction enzyne in use.. Furthermgyre a

e otal b AT ROBOTH B ieHab 5 b usear ety Shesen

se@rRaYydIHOMANG B eecofifithn {cquecedT theQURFHOANIHz e RNRELrary
 ength without any requirenents for a steml oop
structure. For exanple N. BbvC I A conbined with Eco

. ' T - ! '
e AR RISy 11 s T
from | to YancioadSTiom-1 8§'40, fow; 1 t6'30, FTGAGT0 G5,-fr@h 1 to 10

Codon segments, however, preferentially are 2, 3, 4, 5, 6, 7, 8, 9 or 10 nucleotides long.

Although the length of the stem forming segments may vary, the stem segments may
preferentially range from 5 to 50 nucleotides, from 5 to 40, from 5 to 30, from 5 to 15,
from 5 to 10. Stem segments, however preferentially are 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides long

The length of the mid section between the stem forming segments may vary. The mid
section may preferentially range from a single phosphodiester bond (or analogue bond) to
a stretch of 20 nucleotides. However, the mid section is preferentially a single

phosphodiesterbond or 1, 2, 3, 4, 5, or 6, nucleotides long.

In one embodiment the present invention relates to a method for re-assembly/-
amplification of a display library, where the star-structures following restriction enzyme
digest further are treated with a phosphatase, which removes the 5’ phosphate and thus
prevent ligation of two star-structures. Several suitable phosphatases are known in the art,

for example antarctic phosphatase and calf intestinal alkaline phosphatase.

In one embodiment the present invention relates to a method for re-assembly/-
amplification of a display library, where the carrier modules contain a 5° phosphate to

facilitate ligation to the star-structure.
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3" 3-G5 inthis exanple eight Ns are present in
wa b@efegored over hang, thus giving an encodi ng PCEPERIOSH00714
of 65536 (= 4 in the 8" power). However, it's
apparent that the nunber of Ns can be chosen
arbitrarily thus giving an i ndefinite encoding
capacity. A small fraction #f the total nunber of
possi bl e sequences in this exanple can't be used.
Nanely those sequences forming a recognition sequence

m@ﬁe &rﬁ@odiﬁéﬁtrth@ﬁﬂe%t ﬁﬁv%ﬁ{tm rbBtel §a mAInbA9Hgl. the length
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ver, preferential are
10 nucl eot i des | ong. Although the Iength of the stem

form
In SRR U igen s (S SUORISHER PBES 1 om 5
asdeMbBamplifatién 610 d@6layf ﬁlSlHn‘y5wi19re I PCR bR Bhﬁec! QTJSQruit?keyB

segents, however preferenfially are 10
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sect1 on et ween t
A B@Rgorod’ﬁhteponslsts oS @ptimoninrthy 5 enefagd efetr br&hthgrsadjlgﬂcé fo@tﬁbcﬂby a

Ie hodi est er bond analog bond) to
DG4 Pl RaPilF 36 PrET Gy e rehen 8Pt g WEinheIScBatts rmkby
theﬂDIQAQfoW?ﬁdr@de' 3ucRaSHDYP &r RRNO Sﬁapfébﬁﬁés%mp%ﬁéau

nucl eoti des | ong. |In one enbodi nent the
recag@é%ﬂﬁndwilﬁ?@%d IPWPF@F’&{%IQG@W@ vehighewHberesto defined temnnus

(Sﬁﬁhgﬁﬁep@kgdmh&ﬂgiﬂﬂyfgﬁgga q%%aﬂdlsplay !lbrary,

where the star-structires To ng restriction enzyne
di gest further are treated with a phosphatase, which

0S. e and thus e l'i gation of
In %%n?n\s/btoglrmes heégtr%relét IBV@E Bield esstﬂlat“éﬂﬁ%‘ie%’ﬁﬁes phat ases are
asskmbmmprmfmemarfta displa/ litex P CR AP RS CerPRRG PRSI S mini
H%ﬁ- %estlnal al kal 1 ne phosphatase. In one
ma@ﬁﬁat&ﬁ thetope the feramation PRy BALSIBIstUre bataax of dieabenstthendion
mefh@ls.r €-assenbl y/ - anplification of a display library,

where the carrier nodules contain a 5 phosphate to

facilitate ligation to the star-structure.
Diversification

In one embodiment, the present invention contemplates a method for diversification of a
displayed compound or library of displayed compounds, thus allowing molecular
evolution. This can be achieved in a number of ways without going beyond the scope of
the present invention. For example (see figure 4b), a fraction of the molecules in a round
for module substitution is digested with two consecutive restriction enzymes, which
eliminate the covalent linkages between the module in question and the remaining
structure. The star-stuctures are denaturated and hybridized with a repertoire of carrier
modules for the position in question. The position specific constant segments are thus
guiding the hybridizations, in the same way as the primary library was created. The

appropriate termini are ligated and the formed product pooled with the codon guided
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the present invention relates to a nethod for re-
w@swenidoys anpl i fication of a display |library, PEDE200600714

carrier nodul es are phosphoiylated after ligation to

a star-structure. This prevents |igation between free

carrier nodules. In certain enbodi nents the present

invention relates to a neth®d for re-
i.brary, where the
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poE’iElgﬁi !ihcﬁuegﬁ)&s' tebr?c x%nQJl%dgE rSu'erqBEﬁIyS ggrgou% og' car%%gmodules

remai nr ng séq Forme mer as
forpthé presitioraip questicaiinhybeidizdd esd hgitted, Qo then oriried ndRQoBIH gulded

oA B B LB o R caton

Thid ey Belddng 1P, 9fthé 8t A1 fRANSor MbHut subbdthtig, eat e a
defined term nus (Smth et al., PCR Methods Appl,

Theslgrerpficalign 3y alsq be nerfermsd dyrantilinglscombisation (bmémg) ofn
mcrcﬁle"é"iagt%ve'éﬁ’ ?rb%mgﬁx% BéfB@hg %ﬁ?@h%ﬁ@ﬁ}r&}n (p#c%?slt !Fglnex%mple

di spl ay rary
thet awiched llblmynekmbemﬁ ahiséleiechelgfootio it hmpfifiedaridi digestef] with a

B AL P o B R e e

The Iﬁr\agﬁi%ht@ RarCy i bl vt £ a din diRd Jwgim&mg ﬁ%&ﬁ/&h@ﬂ 1fbr &9tk Pibef to
|spla ed conpound or library o aye

fOIEb ptqdu%t whergky ﬂwgfﬂmg@@em&man@m@@ pesyredrAngther

S AR BB, IS I AL

figaseatip| Hﬂe(smtrﬁqtgm aecﬂhge,steé bfy teie Corpacwifve tdsaiotioh enzyimm

tutlon I s.di gested w
el B0 D o FRERURIBHRE ol Sbhille bline oanlsh alive
CothQuémlyafcmﬁﬂs ofl sekeaiyes alnpli fleeion bhedivadifictidntad Be pbiferhed,

ning structure. The star-stuctures are
ﬂ“ﬁéﬂ% é%%%aﬁﬂHmHVBWPBPSEE fightetd)a repertoire of

carrier nodules for the position in question. The
position specific constant segnents are thus guiding

t he hybridizations, in the same way as the primary
§JE£§E@%9QQB§@@£QH¥QE. The appropriate ternini are
ThI | 8 é@g d&%%bé? can a?soq;% apglge%dtg %étale& C)r c%?alyvﬂctalgtlgllg}? Il’cl: 8350 c?ase the
carrier modules include reactive site functionalities and the star structure provides a
framework for a three dimensional arrangement of these functionalities, thus mimicking
protein enzymes.
Selection schemes for various catalytic activities are contemplated. For example i)
selection for binding to a transition state analog, ii) selection for bond formation by
associating one substrate to the star structures while the other substrate is immobilized to
e.g. beads. (Consequently library members associated to the beads are capable of bond

formation), or iii) selection for bond cleavage by having the substrate associated to both
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fraction, leading to diversification. This may be done
w0 pooenego2sone or all rounds of nodul e substi t BPCT/DR2005/000714
anot her exanple, a fraction of the nolecules in a
round for nodule substitution is subjected to renoval
of codon specific overhangs for the position in
gquestion, e.g. by an exonucﬁ%ase Subsequently a
repertoire of carrjer ?% for the position.i
M

the, ﬁférs%tﬁuéwlff @1%%%&%%%%1 GPAY B mbPRsiof ARsAciptsd FPef&e bead
ar@%aﬁl@%@ﬂo%’é]gﬁqge Pisedfgirs 7ar e pooled with the codon

gul ded assenbl ed fraction, Teading to diversification.
This may be done in one, sone or all rounds of nodul e
substitution. The diversification may al so be

C&Bg f%ﬁéaﬁdcg%gg%gt%ﬁ%ﬁ econbi nati on (breeding) of
brary nenbers before the nodul e

THeWRS Lstrhéthie@NoRs @f £ &ion positiSX @HRLSme tdkMfaPiHd eAMlstranded by
l'ibrary nmenbers’' nucleic acid portion is anplified and

usg pHEs pEaMpIF £ Isuitablg issitiption sngymethysalloping hghfyispecific
).
Coﬁl?gg{?gﬁggﬁﬁg@g%&?%%ﬁ%ﬁ# gn%g ﬂ)tnhp?h égﬁgg& J“]?{&lﬁcular codon
pofsutlag meéartosis orethyids &dricogpéntroentalizaton bt kkna‘my imibabey ®r example,
rod

migRafeg ofnlisoferaubTen ok S o Nat Biotaslph dis 1675-50,

19982 8PuENO bf Rl bxds séqen@h (&Hilbinnﬁﬂ rHaemplen EiBI;‘: 2] B113y2004)
u3|n% the star-structures (see gure 4b). The
or isigg begds whee dhe la@léldaﬁldvéédwn@w %W%@H% EAUPRKS and a
fl 0? Eéﬂgg Ed@oafhfcﬂ%ﬂ&%ﬁuenﬂg @ﬂ@@éjfo?ts@x@ingﬂy rr%l hewvedeA activated
ridize | eadin change of t dule 1n
cel lsemd (@amnondCeird. e@mfemerry 3% biﬂnél%, 2600)sel ect i on,
Sut%ﬁrgém rﬁ%t I‘ceﬁbzaffl on ma ez {(1:836 alrlr(l: f;ﬁf/l ?a%{llgeg oﬂf tg Bgs?nt mvrgr?tl% for
exd@pRel)idafing Bbra@aéya{h)éils ¢or poitichethicallioactioninmaki fidacions, ii) analysis
descri bed cana%}so be applied to sel ect for catal yti.c
of gingleql9nes, ijihanakysts of REqgr Sﬁl@n s sglgetigns, AHty) pRAlySiSRY) %Pésﬂy
CJn%@cﬁﬂahﬂ'ye c§fnb§m§1b‘rﬁ§l§z'aﬁ&§qn' sith@nandvy Ihﬁy 5 @fapﬁf drdCebidnical
provides a framework for a thrée ‘di nensional
altametivgoriNg sequenbiog @Iqumwpbmgn pf ¢ singleseavsner ariadibrary of
wg g& in enzynes. Selection schenmes for various
alytic activities are contenplated. For exanple i)
sel ection for binding to a transition state anal og,

ii sel on for bond fornmation ating,one
ThetHlgbP RS QP SPa COmPURLNs 28 SFTaiin By el i, or
coﬁi;bﬁféﬁag p&LifiSconiphabith, o @elePrvesses b@aﬂ&nb@.&-‘a@m&% Riclding,
ca

brary menbers associated to the beads are | e of
or @gmgrlsmo spemﬁc process steps, it is contemplated that compositions of the present

invention also consist essentially of, or consist of, the recited components and that the
processes of the present invention also consist essentially of, or consist of, the recited
processing steps. Further, it should be understood that the order of steps or order for
performing certain actions are immaterial so long as the invention remains operable.

Moreover, two or more steps or actions may be conducted simultaneously.
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havi ng the substrate associated to both WO 2006/ 048025
wEQN6KPRD5/ 000714 49 the star structure and BCOBEQA005/000714
(Consequently library nmenbers not associated to the
bead are capable of bond cleavage.) (see figure 7).
Codon Specific Conpartnentalization The star-structure
al l ows any codon position td&0becone terninal and
single stranded by wuse of for exanple a suitable
Th%@leﬂmétan%wwvwas of the @reémtmemjorhﬁeawmt 8B IYap'p to generate
rr{f)?e'ml%g Bvﬁ&ﬁ%%ﬁ%e%?& cfiits bi(h ¥ réaé%hééﬁabﬂx@s é&f&n{%@i LABaLL ¥nd
lgatiron for a rt I cu odon position ari ous
pm@rﬁd aisoléomtar b@lhqwr with theallaxzatityoh omaelc lchemistry il Heredildy to

croar ant i nces
PEBtEiE apd oI5 R roBandtt ind ST e SRR elggyar
em&thapkamtﬂeMm ofeaIdBBE SfoveHadaRis) opdigRith lperior
PLoS Biol, 2, E173, 2004) oqr usinhg beads, where the
PlORefitigs i thpserzokried wish PIQWﬁf pflitional disepysry @@H@@nc e and a
fluorescence tag, which subsequently allows for
sorting by e.g. fluorescence activated cell sorted
Th¢ presanh inventical also p@yvideseditsynd gempasBiondor the 06x0in theSmeéntive
n%ﬁpggrtnentallzatlon may be useful in the practice of
the present invention, for exanple; i) during library
synt hesi s for post cheni cal reaction nodi fi cati ons,

ii) analysis of single clones, iii) analysis of
DRES, ression in selections, or iv) analysis of
FE ty. Consequently, conpartnentalization in

Ity v
18] AL AR e TR B8 oS AT e o
mgilevgdes. §hq pellymer wRy mcludb;\artbo\mhmmwu esozd nucléosoleg ficut
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d&xy¥iR68nd) 208 BESESytatiR) dRSROIBE Bhalsosh@Y |, PGmihdddbitdind02-
or conprising specific process steps, It is

thigshyreidpicatneding pakroloansedine chmedyl @%éoweeéémthylcyudme Cs-
bllo EREINE T s Ao AR 851 Lé sl % e‘% 1- i QTS 5 ? ﬁﬁi-

e recite conponent S a gl‘ ocesses 0
osprdmﬁe@ﬁ -metlydentidone, %dsua@dmsmmt, 7eckamguarwlsmy, &bxoadenosme 8-

{ ted F
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as e I nventi.on renmal Nns,_oper ap| e reover WO_ Qr
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phosphate groups (e.g., phosphorothioates and 5', -N-phosphoramidite linkages). Nucleic
acids and oligonucleotides may also include other polymers of bases.having a modified
backbone, such as a locked nucleic acid (LNA), a peptide nucleic acid (PNA), a threose
nucleic acid (TNA) and any other polymers capable of serving as a template for an
amplification reaction,using an amplification technique, for example, a polymerase chain

reaction or a ligase chain reaction.

The term “segment” as used herein, refers to a continuous section of an oligonucleotide

sequence.
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conpositions of the present invention represent new
woRys/0¥8025ener ate  nol ecul es with desired propkCT/DES005/000714

Thi s approach comnbi nes extrenely sensitive and

power ful nolecul ar biology, with the flexibility of
organic chem stry. The ability to prepare, anplify,

and evol ve unnatural polyme?ks and smal| nol ecul es by

nol ecul ar evolution may | ead to new cl asses of

catal ysts, novel |igands, or drugs wi th superior
h@r‘t&ﬂﬁr doBSn’ té?ldt"gﬁﬁ@odoﬂm LR el rettQVBA ofi %&theb@d@ uence
di scovery net hods. pr esent |nvent|on al'so prOV|§%

thdticode fand centaip olsdmira rgrmmrassdq@tqsﬂsenh thetskid codaneartaniigodon. A
seLies) ol} cg(;odl ng%sryar tlhg ngmlama CP%O%Isg%ﬁﬁ? a ﬁngatl cr:e:ag’tca:ulg)’%1 W}?fe}% h%vfe
paﬂid:iﬁaeﬂtm tesfornldtnpdithesptodedymdlewmlaide, W t hout
limtation, natural nucleosides (i.e. adenosine,
t hym di ne, guanosine, cytidine, uridine,
THRRGHY SHERISIP Biru AR %Y LMl Qe fersd6 By BRNNRSY HRicuddd
deoxycytidi ne), nucl eoside analogs (‘eg

invplving Aidaese Aoudlaetideportionivgthiny whish ﬁétralilch@fsﬁ mugleic acid sequence,

B

mdlEouly inwirdedtite eqnsﬁﬁ{qm 'GpN+pyired!reglom Erméiﬁ"s}m‘rmm'fmydsﬂy double-

cyti.d tidine, 7-deazaadenps
syt 29035 o e e Kiop AR LFAST § o6 SBh GLe i gem. When
thdleRgth FRTHRNb&H IS REEit pﬁiadce% 'tl‘iehdp@@iﬂdagé @memmman@d Thir pin"
nodi fi ed bases, bi ol | ogically nodified bases (e.g.
mﬁﬁﬁmﬁwmﬁed bases), |ntercalated bases, nodified sugars
(e.g., 2'-fluororibose, ribose, 2'-deoxyribose,
ar abi nose and hexose), or nodified phosphate groups
The gerg "smpH osyitroied bl bsdthesiareferSto, an- drgq)h@sphpnuadrieﬁﬂhdr e

| i nk . | ej i.d d
o AR ot o g3 P B P S0 BB o
101@@0 lgh@ieper &létd) opSorally Rekeen 5000 @insgser thold; BHY optRnally less

tide nucleic acid ( PNA a threose nucleic aci
ﬂ“’@T Owwyme{en@whﬁéley F‘%IQ%BméP@Tm%]éfRFPf?@e‘éémé“

mc;l@dﬁ&ls%&esuflt%le@& OIQ'EHHlﬁlbrPﬁBhon reaction, using an

anplification technique, for exanple, a polynerase
chain reaction or a ligase chaln reaction. The term
nent" as ,us ;n”.r ,pont
Thgzel l merc F &olg Qfolec ecu al é?qau@?% &3 sdd i erem referto a

chemical compound having at least one site or chemical moiety suitable for
functionalization. The small molecule scaffold or molecular scaffold may have two,
three, four, five or more sites or chemical moieties suitable for functionalization. These
functionalization sites may be protected or masked as would be appreciated by one
skilled in this art. The sites may also be found on an underlying ring structure or

backbone.

The terms “chemical reactive group” or “chemical groups “ or “reactive unit” as used
herein, refer to any chemical moiety capable of modifying, adding to, or taking away

from another chemical moiety. Including, for example, but not limited to, a building
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"“codon" and "anti-codon" as used herein, refer to an
w@biogossees eot i de sequence that code for a cerP@Ei/DK2005/000714

chem cal group associated with the said codon or

anti-codon. A series of codons codes for the

conbi nation of specific chem cal reactants, which have

participated in the formati®h of the encoded ol ecul e.

The term "Stem | oop” structure as used herein, refers
blqck, mAgonacHARRIRS Wit meleaylar scpifRld) riotlsr sgactapbuseful in proximity
meava%ae&tem% Rt RNmWohRins bt Clle @héﬁlEﬂ [g%ug,fls omc?eoﬁde or

acl d sequence, via i ntranol ecul ar hy ond S,

a dgrivativariorendr Inpoptheoaspedt at lsest saeref the chmmalmtubs which have

re TR DR giofe FTRAR b BB O Rt w8 2

octurfiag si@tho akidop” regi on Iocated at one end of the sald
stem Wen the length of the loop is zero, it
produces t he special case of sten}loop called "hair
ThRitkm, "REoddAbd WK OMsed heih He8PribsdMRE hmém&tﬁﬁltﬁe Brecr HRBHY
herein refers to an organi c conpound either
tWe phmieessgrowRs, Maictips cPADPOIES.aRgnoprers, §ignt hien tri@pimere entities are
" |
oA B B EURF ol e AT e DY 0RO R fvec
comjdmt (onadni g/ovlaE:ﬁBmtdrMDn Ee@%lyg I}Risqnmltmimd c@valsnltc fTh@sovalent
es t han Preferr sna

ss3HG UL Phrer SOTPLDPE Fig1oubl S i ST R e carbon

carbBh,Hsulfid Bdrbarhiak Q:%Br &hide@Er, Ated, anifie, 0TRhBE M@ linkage. The
scaffol d" as use her ei n, refer to a chem cal

covabers asreiatiaMAYalse Nchids ¢ ligker meiet, for cxamanie.cathotasieayaple
|
i, DRI co B AERBLA GO ARG BBl TOL F U oo

intérotignsf dlpcdedlpoimn‘@r&;tm% pmta@h@mteaicumm, eydreshobid in@tdcgons,
onal.j zatiaon. These tionalization.sites

i R PR Pl st Rt ats bt RS abpPisePli&prgent

ma9MR "asskéihle@Uwith ohdlariotidh by bdiRg pdséif Sod¥tkr Al 1O sdife Edpdition.
on an underlying ring structure or backbone. The
terms "chem cal reactive group” or "chem cal groups

Thefern e&%ér\ﬁ?odw s HeRE! ref*al%rt§a @herﬁ@&?rotﬁﬁm?&%ted to an
chem cal noiety capabl e of yi ng,

oligednuelgotadeaynd f segnenirtowids thelié g afhlcmmeh)]qndlxzwb adegrgents

tov%é%&laig%%gs ﬁ’@ﬁ/ﬂ%ﬁ%‘ﬂf@é} 3118%5%‘45 gégment3 towardsnlge %’Qnd which can

hybridize to a segment towards the 3’ end of a third oligonucleotide. The carriermodule

optionally contains a codon or anti-codon segment. The term "hybridization segment" as

used herein refers to said oligonucleotide segment.

The term "star-structure" as used herein, refers to any secondary structure involving at
least three stems of mostly double stranded nature. 0, 1, 2, 3, 5, 6, 7, 8, 9 or more
nucleotide residues may separate the stems. In the special case where zero nucleotide
residues are separating four stems the junction is called a Holliday junction. A star
structure may consist of one nucleic acid molecule, or it may consist of a plurality of

nucleic acid molecules.



52 bl ock, nononer, nononer unit, nolecular scaffold,
or other reactant useful in proximty nediated
W@ b@rioesaks synt hesis. I n sonme i nstances the chePdTRK2005/000714
group is not a nucleotide or a derivative thereof. In
anot her aspect at |east one of the chemi cal groups
whi ch have participated in the synthesis of the
formed chemnical compound is3hot a naturally occurring
amino acid. The term "associated with" as used herein
descri bes the interaction between or anong two or
THIRE S GELHBS profRhieY | RscFRTBAURASS toRAQHRE %emeeteﬁ real¥38f by
two or nore entltles are "associated with" on
wlietothh esactien ofissishiepmahtheanaicoyr in heyntenlled) dffkient alnsl tiznely
nﬁ%{FCt or indirect covalent or non-coval ent
I'ntéraction. Preferably, the association is coval ent.
The coval ent association may be, for exanple, but
W thout limtatjon, through am ester, rbon-
THe4FBL Protimayienidsd ch Pﬂaf-?éfler?naewg? héreif Grhironeiah,
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may al so include a Iinker nbiety, for ‘exanplie,
of pheleie eridde abich the featants apagsocktide non- coval ent
i nteractions include hydrogen bonding, van der Waal s
i nteractions, dipole-dipole interactions, pi stacking
Exanfpdesact i ons, hydrophobic interactions, magnetic
nteractions, electrostatic interactions, etc. Also,
—Q@KBEG# nmore entities or agents may be "associ ated"
THe fbiAABE oRRREHRIand Yot g DN £ §@mtr&aﬁ@stﬁy%uﬂual Jo%le‘iﬁéﬁ?ary
conposition. The term "carrier nodul as used
bigpgeifiqpligoppdeadidepis dempnsiiatedl group associ ated to an
ol i goenucl eoti de, and a segnent towards the 3' end

whi ch can hybridize to a segnents towards the 5 in a
Dl‘iﬁ@dlgdlwlelogdmsl(piepm’ed e Dard Techmelpgg drhuspPanmark) ereshixed as

iniRge R B e oD PR E PG et e g R R e Burer

(NewtEngnal Biolgtt 50l Ak Na@lonimmftuxa@%reqﬂa@mea 08B ddgreed WEfor 2
tern1"h¥br|d|zat|on segnent” as used herein refers to
miggiegians slgpslrgerledta @@msté@ﬁ@ﬁture mr@eW%t@rrhﬁh The products were

analZEter alsftA@Ethﬁ\%" 735 F&g&’crg%ﬁiey ol stdinidt ¥/1th ethldlu

condary struct I ng at eas threa stens of
brovoiste) lssllmmﬂadsirwtawd@(sanﬂvtmf Britsch, EF. a@d Mimaﬁs, T (1%9) in

Mgl e Ging 4Bl GNP S R BEE Tl SorrTaghe™
LaB618tos ¢ PRsg opSringl HSIb@ﬂB\Id\thog‘kglnCtl onis called a

Hol I i day junction. A star structure nmay consist of
one nucleic acid nolecule, or it may consist of a

0108l bligo7qtorrddPehdh E10aEbO0RIdRIII0T Srespectively), oligo6 and oligo8
(corresponding to vip006 and vip008) and oligo7 and oligo8 (corresponding to vip007

and vip008, respectively) each have a mutual complementary segment, thus capable of
forming an annealed dimer. Accordingly, a band corresponding to dimers were observed
in lane 1-3. Vip006, vip007 and vip008 each have a mutual complementary segment to
two neighboring oligoes, thus capable of forming a closed annealed trimeric structure

(see figure 8). Accordingly, a band corresponding to a trimer was observed in lane 4.



WO 2006/ 048025 PCT/ DK2005/ 000714 53 The term

"reaction proximty" as used herein, refers to a
waele®bassoes bet ween reactants by which the reacPCDDKRG05/000714

said reactants can occur in a controlled, efficient

and tinmely manner. The term"proximty guided

chem cal reaction" as used herein, refers to chem cal

reacti ons between reactants,3hich are brought into

reaction proximty by hybri di zation of nucleic acid
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00 Q)? and vi 008 e
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structure (see figure 8% Accordin

olign 10 sprensaening to vapQa6; vip OMEPO%QI&VE [0, rﬁsp%melm angbserved
a29196614186189&§1% iPfahe BRBRNAUL] 1giénde§i4valency in all chases were obtained

with high efficiency; observed as a single major band.

Example 2
Convertion of trimer DNA star structure into a single contiguous strand of DNA by T4

DNA ligase.

The successful creation of a tri-stemmed DNA star structure consisting of a single
uninterrupted strand of DNA was demonstrated in this example. Mutual complementary
bi-specific oligonucleotides were annealed, and subsequently ligated to form a continuous
strand of DNA.



A igo6, oligo7, and oligo9 (corresponding to Vip006,
vi p007 and vi p009, respectively) each have a nutua
W@ orvplesoent ary segnent to a nei ghboring ol i go, PETIDK2005/000714
capable of formng an annealed trinmeric structure.
However, the structure is open because vi pOOS and
V|p006 do not have conpl enentary segnents (see figure
Accordingly, a band co?%espondlng to atrineric

s observed in | 5. The rlne is expected to
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(correspondlng to vi p006, vi p007 and
vi pd O, respectively), where vip006 and vi pOLO do not
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Two-fold excess of o or ol correspon Ing to
vi p009 or vipd 0, respectively). Interestingly, the
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mlfafl@mm Qe B@ﬂférw P2Rn@ 8RR, DRI (CIasHIe@0IuAE T4 DNA
[ go9 and oligo 10 correspondlng to
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vert| n of, trj r t.ar C e into
wily F ey S SR rilofRs SRAMSS0G S PRt e Gad
Mahiis SPqeesss i Meleeahd OBniak: @L&Hdlatézty@mﬁﬂr’%oﬁa &Qition, Cold
structure consisting of a S|ﬁgle unlnterrupted strand

Sping Bakonhaboaypiyessat@d Sprng Hasbendap et ual
conpl ementary bi-specific oligonucl eotides were
anneal ed, and subsequently ligated to forma
Vildl%t(zﬁmbami vigd I7gh2l nY) fadbNrave o@D 640pl8d2atary segment which

TSRO A i, “BERRANGS TP e e VB BE! S s making
a substrate for T4 DNA ligase. Accordingly, a prominent band corresponding to vip076-
vip017 (67 nt) was observed in lane 1 (non-native PAGE). Similarly, the formation of a
prominent band corresponding to vip017-vip078 (100 nt) was observed in lane 3. In
contrast, vip076 and vip078 (58 nt) each have a mutual complementary segment but do
not form annealed adjacent ends and are not expected to be ligated. Accordingly, only
bands corresponding to monomers of vip076 and vip078 were observed in lane 2. Note
the band corresponding to vip076 is fainter, which is expected as vip076 is smaller and
the oligonucleotides are in equimolar concentrations. Moreover, vip078 (58 nt) migrates

slower than vip076-vip017 (67 nt) in the gel, which is not unexpected as vip076-vip017



in Fig. 9 in 2 uMconcentrations each in | x Ligase

Buf fer (New Engl and Bi ol abs), 50 mM Nad . The
WOorR0061048935 wer e i ncubated at 80 degrees C for Z2PCi/DKR@S/000714

and slowy cooled to roomtenperature in a water

bath. The 5 term ni of the oligonucleotides were

phosphoryl ated by T4 DNA poI nucl eotide kinase. A

m xture consisting of 1.67 star structure, |x DNA

i gase Buffer (New Eng Iang Bi ol abs), .50 nM NaCl an
coptags eguenges PRI acleB Paét%twagéw?%wmwp&ﬁ old, thus

I 201), was prepared and incubated for
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et hi di um brom de, using standard protocols (Sanbrook,
J., Fritsch, EEF. and Maniatis, T. (1989) in
Condatpemtly atreaibnni’ a gimerid ANArsgtr siryctiemoadisting &€ onncbntiguous
Edi ti S Har pbor Laboratory Press, Cold
St@ﬁiiloiE}@RrAHé{%}b?eb}K‘%\WO%B?%?‘P Vi p076 (25nt) and vi p017
(42 nt) each have a nutual conpl enentary segnent which
upon anneal i ng places the 3' end of vip076 adjacent to
the 5° end of vip01l7, thus making a substrate for T4
E Pgase. Accordingly, a prom nent band

cor.r.espondi ng to i A { (67 nt) was observed
Agwh%gﬁ@nf9 Iﬁgx Rﬁﬁ?pg%|n1larly, the fornation

of a proninent band correspondlng to vip017-vi p078

(100 nt) was observed in | In contrast, vip076
Thavercoespoygmplifsatien okl S s egtpsFRgRhengspntiguous
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are not expected l'igated. Accordingly, onl
obhgmdsleatiles E@{:ﬁ:ﬂmdﬁa‘]gi ﬂngatn@ awhwbsequentlyi ysed as @mew@wrlmer
wer e obs rved in lane 2. Note the band correspondi ng
RV 6¥6 s fainter, which is expected as vip076 is
smal ler and the ollgonucleotides are in equinolar

D& Aolaioct ParPadR e or oo lE A, D pHD) Gt moigaspdigted

b8 it ﬁ%&?@&k&%@%ﬁé&ﬁ?@tﬂ%@&@d@ 2066/F38BA2 Biolabs), 50 mM
PCT/ DK2005/ 000714
NaCl. The mixtures were mcubated at 80 degrees C for 2 minutes and slowly cooled to

room temperature in a water bath.

The 5’ termini of the oligonucleotides were phosphorylated by T4 DNA polynucleotide
kinase. A mixture consisting of 1.67 uM star structure, 1x DNA ligase Buffer (New
England Biolabs), 50 mM NaCl and 0.2 w/ul T4 DNA polynucleotide kinase (New
England Biolabs, cat# M0201), was prepared and incubated for 30 minutes at 37C



contai ns sequences for creation of a steml oop

structure giving a nore conpact fold, thus higher
worwslosgoys i n the gel. Vi p076, vip0l7 and vi pO7ECERER005/000714

have a nutual conpl enentary segnent, which upon

anneal i ng places the 3' end of vip076 adjacent to the

5" end of vip0l1l7, and the 3" end of vip0l7 adjacent

to the 5 end of vip078, th¥s making two substrates

f T4 DNA Al di : t band
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mcmbatsdi stérnighbdt rode tebapetanggous strand of DNA was
denonstrated in this exanple. Mitual conplenentary

bi -specific oligonucleotides were anneal ed, |igated
A piddlerSaxbmSdH @8Hcliyn Wae ﬁﬁm@d be Eﬂﬂlﬁ’é Svolln@ 59{«)311%1}( 1.33x
ext ensi on reaction. ol i goes (prepare

VertBnita (Bgy Fngiand Bipabaal k) uMerip03¥i X.6d mad defd?l apdtvath or

Wy I ase
R 2R MR IR boLhRARe REDE e B e MeaF b o1
voluneligati@dreatti B0 Theglera vaEsfingubtcdforut @muasdt QJGQ\M ¥inute at
ool to, r t egperat.ure in a water bath. The 5
SoéépﬁiﬁP“%%eﬁﬁgﬂgﬁprWﬁ@PS%t|des wer e phosphoryl ated by
T4 DNA pol ynucl eotide kinase. A m xture consisting of

1.67 uM star structure, I x DNA |igase Buffer (New
TheFrgrtions verormaberd bpoati PEEE (Bh % polvactylemidenfoinked by
PR LAREAS 3581 Yol ERRL A0S, LRG0, .7
Maams,\fb(.125@1196/iroMGE@IMmeQ(deW&yMa@ZI”ASecond Edition, Cold

d n se s of
Spﬁﬁ%@%ﬂgat%¥n%gwﬁgggaﬁﬁéSen ?%%WﬁfﬁsﬁqﬂwsT4 DNA | i gase
(New Engl and Bi ol abs, cat# M)202). 1/3 x Vol ume of
i ﬁ nlx [.x DNA | | | gase Buffer (New Engl and
Th%yeglp gﬁgf)t e g@ewptp@l@e showwryimiggusg/1Q) Vip3 Piyxeversegpsplgmengary

to thOab afod: Bitahaba baé%@ﬁt#wﬁ@%oa%h’cal‘{vﬁ{e?ef&g%ﬁ%e & &fMsikh PAZEon

treated m xture and
using vip078 or vip078 fusions as templates. Accordingly, a single prominent band

corresponding to double stranded vip078 was obtained in the extension reaction
containing vip038, vip076 and vip078 (lane 2). Note that this band is not present in lane
6, which is equivalent but without the DNA polymerase included. In contrast, lane 6
contains two bands, which presumably consists of annealed vip076/vip078/vip038 and
annealed vip078/vip038.

The specificity of the reaction was demonstrated by vip038, vip076 and vip017, where no
visible difference between with or without the DNA polymerase was observed, compare

lane 1 and 5.

A successful primer extension was also observed using the ligation reaction vip017-

vip078 illustrated by the prominent band in lane 3. Note a fainter band corresponding to



i ncubat ed overnight at roomtenperature. A priner

extensi on reaction was perforned by adding 3 vol une
we@zioenssoeh m x, 1.33 x Vent Buffer (New Engl andI/DK2005/000714

Bi ol abs), 1,33 uMvip038, 2.67 nM dNTP and with or

wi t hout 1.33 u/ul Vent(exo-) DNA pol ynerase (New

Engl and Bi ol abs, cat# N0257) to 1 wvolune ligation

reaction. The solution was Phcubated for | n1nutes at
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vi p078/vi p038. The specificity of the reaction was
denonstrated by vi p038, vip076 and vi p017, where no
visible difference between with or wthout the DNA

ExRfip¥d®er ase was observed, conpare lane 1 and 5. A
successful prinmer extension was al so observed using

Cliehgcdl rgati vionintieadshied of stas@hcturesi p078 il | ustrated by
the prominent band in lane 3. Note a fainter band
correspondi ng to WD 2006/ 048025 PCT/ DK2005/ 000714 58
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that not all p078 was |ligated to vipOl
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caP &Y q3$% al nrost the sane nobility as doubl e stranded
V|p0f i p078 is observed. The band presumably
consi sts of anneal ed vi p038/vi p017-vi p078.




A successful prinmer extension was al so observed using

vi p076-vi p017-vi p078 ligation reaction as tenpl ate.
wanmelossds with | ower nobility in the gel thanPdDDER@5/000714

stranded vi p0l17-vi p078 were observed. The | ower band

corresponds to anneal ed vi p038/vi pO76- vi p017-vi p078

as seen when conparing to the equivalent |ane 8

wi thout DNA pol ynerase. How@ver, the upper band in

| ane 4 is unique and therefore consisting of double

stranded vi p076-vi p017-vi p078. Consequently, this

exanpl e® ngtrates that DNA structures can be
converted tnt@ doubl e stranded DNA and therefore
anplifiable. anpl e 4 Chem cal reactivity in the

center of Ostar structures The chenical reactivity in
the center O0star structures was acconplished by
using the{ following tri-functional cross-I|inker

(TQAT, 5 Tri ccinimdyl am notriacetate, Pierce cat.
No,/ 330 \A%{;go / 048025 PCT/ DK2005/ 000714 59 0 0 O
0.4

31 ~: r 0 0,m1 O TEAT MA V, 432.26 Spacer
Armpiz. The DRA ol ¥gdes: vi p016/vi p017 or
vip016/ vi p017/ v§ 818 (prepared by DNA Technol ogy

4

Arfpus, Denmark), alY having an internal am no nodified
dT (d enResearch, <cat. No.: 10-1038-xx) were mxed in
150 mM NaCl, 100 nmM sodi um phosphate, pH 7.2 giving
20 uM tot ggapl i go concentrati on. The m xtures were

i ncubat eétWat2.80 degrees C for 2 mnutes and slowy
cool ed SeB#"ABM 4 enperature in a water bath. TSAT was
dissolved in DW. A 10 fold serial dilution in DV
was prepared. 1 volunme DVF or TSAT dilution

The DNA oligoes: vip016/vip017 or vip016/vip017/vip018 (prepared by DNA
Technology Arhus, Denmark), all having an internal amino modified dT (GlenResearch,
cat. No.: 10-1038-xx) were mixed in 150 mM NaCl, 100 mM sodium phosphate, pH 7.2
giving 20 uM total oligo concentration. The mixtures were incubated at 80 degrees C for
2 minutes and slowly cooled to room temperature in a water bath. TSAT was dissolved in
DMF. A 10 fold serial dilution in DMF was prepared. 1 volume DMF or TSAT dilution
was mixed with 9 volume buffer giving a final buffer concentration of 150 mM NaCl,
100 mM sodium phosphate, pH 7.2. 1 volume buffered DMF or buffered TSAT dilution
was mixed with 1 volume annealed DNA oligo mixture giving final oligo: TSAT ratios;
1:0, 1:10, 1:100, 1:1000, 1;10000, and allowed to incubate for 2 hours at room
temperature. The reactions were analyzed by PAGE; both native (7.5% polyacrylamide),
as well as by non-native PAGE (7.5 % polyacrylamide, 8M urea), followed by staining
with ethidium bromide, using standard protocols (Sambrook, J., Fritsch, E.F. and
Maniatis, T. (1989) in “Molecular Cloning: a Laboratory Manual”, Second Edition, Cold
Spring Harbor Laboratory Press, Cold Spring, Harbor, New York).



was mxed with 9 volunme buffer giving a final buffer
concentration of 150 mM NaCl, 100 nmM sodi um

w@bwspssare, pH 7.2. 1 volune buffered DMF or bedT/BKe@s/000714
TSAT dilution was mxed with 1 volune anneal ed DNA
oligo mxture giving final oligo: TSAT ratios; 1:0,
1:10, 1:100, 1:1000, 1;10000, and allowed to incubate
for 2 hours at room tenperﬁ@ure. The reactions were
anal yzed by PAGE; both native (7.5% pol yacryl am de),
as well as by non-native PAGE (7.5 % pol yacryl am de,
8Murea), followed by staining wth ethidi umbrom de,
usi ng standard pgrotocols (Sanbrook, J., Fritsch, E. F.
and Maniatis, {.}(1989) in "Ml edcdt@ar C oning: a
Labor at ory ult¥ , Second EJRIMNQ, d Spring
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an anneal ed dinmeric stucture. Vimg16, vi p017 and

vi p018 each have a nutual conpl émeéntary segment to

t he nei ghboring oligo, thus capable of formng a
closed annealed trineric structure (see figure 12).
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corresponds toja dineric structure,
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whereas the major band in |anes 6-10 in the native ge

corresponds to a trineric structure. In a non-native
w@edoshise2anneal i ng is disrupted. As expected aPGEHDE2006/000714

lanes 1 and 6 in the non-native gel corresponding to

a nononer was observed. However, when TSAT was

i ncl uded hi gher order structures were observed (I anes

2-5, 7-10, non-native gel) 6ﬂndicating that TSAT did
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was illustrated by the much higher overall yields obtained in lanes 7-10 when compared

to their counterparts in lanes 2-5 with the same TSAT concentration.

Chemical reactions directed by DNA star structure.



25C. The total volune of the reactions was 200 uL. The

crude linked amno acid reagents were isolated by
wER@stogroexi pi tati on and used w thout further PCT/DK2005/000714

purification. DNA was precipitated by NaQAc/ Et OH

according to (Sanbrook, J., Fritsch, E F. and

Mani atis, T. (1989) in "Ml ecul ar CI oning: a

Laboratory Manual", Second Edition, Cold Spri ng
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Laboratory Manual ", Seco dition, Cold Spring Harbor

repusbendsd &t yater.ess, Col d Spring, Harbor, New York). The
ol i gonucl eoti de, vipOLl7, was functionalized by
cross-linking a amno acid, Leu or dvy, through the

Tlad dlgoawml svei deoweia @nypeai cderyypreparing: 2 Sauvofl edchedi gomickoridds,
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}0017 Vi p076 has a nodified dT containin Aorl maré q
€ an
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abobgserved in lane 4-6 in the native gel. Vip008 has

The reactions were analyzed by PAGE; both native (7.5% polyacrylamide), as well as by
non-native PAGE (7.5 % polyacrylamide, 8M urea), followed by staining with ethidium
bromide, using standard protocols (Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) in
“Molecular Cloning: a Laboratory Manual”, Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring, Harbor, New York).

The oligonucleotide, vip017, was functionalized by cross-linking a amino acid, Leu or

Gly, through the alfa-amine to the primary amine on a modified internal dT in vip017, by



conpl enmentary segnents to both vip076 and vi pOLl7 thus

capable of formng a closed triner star structure and
wa@eeoatgsorsy t he chem cal functionalities of vipEl/DE2@S/000714

vi p076 in the reaction chanber in the center of the

star structure. Accordingly, a band corresponding to a

trimer was observed in lanes 1-3 in the native gel.

Upon activation by EDC/ sNHS6&n ami de bond can be

rmed between the anino ac ugated to, vi pOL7
thgh@m@mgmﬁpp%p&md}ﬁQ@OEﬁ I,}}eMﬁeda%l{Blstmélltlg between the two

hy%ﬁ@&%éﬂ JakinBaks Y B 177 \W6Wa99%ﬁ>dlfﬁ% IDREGNIEE X\‘Bﬁl‘ﬂar amine

star structures formed (vi pO38 present), uni que
fobewetl tgyoa 3 els;budthah@ sagmnta@mllemﬁn@dy ta tp@ﬂshmﬁmmomse@ment in
Via(El gonse ently,F};AYIég\ﬁe Pnagg Sp%ﬂ 5‘? @ %o’f& grg)%g%l{rf*g creaSed be Wﬂveeﬂ the
anvias a¢id tonjugsanto v1w1t7faﬁﬂlthelq_:laﬂasy\h'lﬁma©hlvv;ﬂl7 b0oMiccordingly, a band
none- nat i v PAGE, | anes rw
COESWOQGIQM afligger W ﬁ&emed(lﬂ e %a(tg ?rvﬁ WA@E gk YiR00§yhas
cohlpi @@t Binvontstth Bothipl® aR@RHONA TR @apa@fétméﬁhhga closed

V\,hen Vi p was not present (non-native PAGE, |anes 5
trigngeistey) strugtrsand 4rigaging theschemipal incléamelitiesaif vindd é endrip@ahin

th? eeagtkorn hRle oft Rhak 0§¢h$ Wt sthit tﬁ%‘%&lﬁ%}% nr%)h & ahd"

tructure Seems ~ more I'Cl en ’chem cal
uoneq:(ohdmsso 4 brimertwes ohsdreal iedaned il $ae she Makiaeptle 6
Assenbling and ligation of a star structure. The
successful anplification of trimeric DNA star

U]&inr dfilaon b?f‘EIﬁ@@NHBngBn@eS@H& cWBe fdi‘ﬁn@@ﬁ&(v’ééﬁ @1@ aliho acid
his exa Mut ual, conpl enent a73p/ bi - speci fi
i

comulggtsﬁ ER:YIE%W Adghqpripary Apnesingip0 ttb@elbmoss -linking vip017

R R S s A A i s

baofl icgmpmh(hng focbesssvimked vip@ty/vip017 did appear both wrth vip017-Gly and

ViR PR BB Beh 57 1 atrBreha il S Aot pHEsent
wit oug BDOENHIN hdﬂﬁ'&tloﬂﬁﬁn@hatﬁ’@ MIE Qdriesl @ and Py @ﬂﬂﬂ’tlﬁﬁ’orbz}betylated
DNA Technol SJ’%‘SGN us, Denmar were mxed in

vipQirideeit-paftve SpCladens lﬂnlnrekesm@astée B@ﬂv%\?anéwnehgqt%@le

5| I
oaghateis T FUARCL Il PAGH{ S 410, iRt 09

chfmical Bactbacants dir&@ $yor stdGtyewmrd th3 5 a‘tarrstlﬁ@ure seems

ds, . 20C. f 30. ds 0C h
R e S R S e o
Bi osystens AB2720 PCR machi ne.

Example 6

Assembling and ligation of a star structure.

The successful amplification of trimeric DNA star structure consisting of dsSDNA was
demonstrated in this example. Mutual complementary bi-specific oligonucleotides were

annealed, ligated and subsequently used as a template in a PCR reaction. The following



The 5 termini of the oligonucleotides were

phosphoryl ated by T4 DNA pol ynucl eoti de kinase. A
worRoobe892 onsi sting of 1.5 Mstar structure, |RCDBK2005/000714

| i gase Buffer (New England Biolabs), 50 mM NaCl and

0.17 Ul T4 DNA pol ynucl eoti de ki nase (New Engl and

Bi ol abs, cat# M)201), was prepared and incubated for

30 minutes at 37C. A phosph8#ii ester bond between

ux ed ends ol i.gonucl eoti des was
HEGPIRI R oo oRed T e PORLI R of-AiRG ! E S Fi 4 shows
schMdghil th@h Bridiiioniof aR1BUMIcRItigédNew Engl and

Bi ol abs nv NaCl, and 200 U T4 DNA |igase (New

Engl and Bi oI abs, cat # MD202) in a volunme of 10 | and

t1on.wa
DURSHRSAEIL QU 0l ph AOCTATT AT, ERh BRI, i 2
uNepecepeations eedh inx ngasérheffmmbv gl n@rBio By, MMaNQQ The
Bj ol abs B9004S), with 0. 2 nMdNTPs (New Eng

mlépla?sa\ﬁ?e Mgbagy a%foﬂwawﬁé& for§ mingfes. 036 f@’r?{%pOl‘dﬁ,dSSoc for
30Qeniis, a0t E $&n§)ese&rﬂd§f%fspcgro Mo%@llééﬁ{dﬁ%o@éé&f@a%%%gzg)?%)umﬂ

U 100 gl of Vent (exo-) and
nex§igpe Be prpsalingsprecediys029 rarfarmedo®8. A it iRiydystemed AB2720
pCtELLQRs of these two priners are vip034 and vi p038,
respectively. PCR anplification was perforned using
the followi ng cycling conditions: 2 mnutes at 95C
60C/ 30 sec, 74C/ 30

TP Bl CelFo Ul i PhasBRaried @ SYTRAA polymuciestide
kirfsy. iAf meaﬁﬂeeanmmgw@@ éAM‘ s@XarRhee ﬁx%w%%é@%ﬁgggew

wi th vip034 and éo primers. The
Englerd Biddnh/S000YimaClead AR UBrICBLBN Arpalymsklotidekinksg (New

Engﬁfuﬁ Bg)elﬁ?%\%ﬁdaapf wl %8%§9nd lf“é‘ﬁ)?%aéj 1%/ eenbecs)gfgﬁéq
pr oduct. Fol di ng of PCR pr oducts vvere performed as
| P f d
e LR L S e SbA e o
fortned iy tr4 DNIAtHgH&I (N@@SEn Eﬁl:l%&%é/\féﬁ# szogf r&?ﬂx D'NAOh%aS%/Euffer

g % Triton X- 0, 02
(Nevs agl%fi Bwéabé} 59yl Iia§1 |ané@£>0 &%D hg@se éNw England Bidkabs,

catf? M(ﬁ@ﬁf el VBme BF 10 1 2Rl ﬁmF R PORIM ltnt a\(\@%(gse_d U

di fferent concentrations rangi ng rom dilution
to 1:20 dilution). In one series, the m xture was

PCk%%‘H)kﬁ?i gonfv%s p?érfm orme usmg tﬂe E)?lowmg con 1tt1%rrls

Reactions were performed in 1 x ThermoPol buffer (New England Biolabs B9004S), with
0,2 mM dNTPs (New England Biolabs 04478S), 8 mM MgSO4, 0,2 uM sense primer and
0,2 1M antisense primer, 1 M Betaine (Sigma B0300), 1 U/100 pl of Vent (ex0-) (New
England Biolabs M0257L). Primers used were vip027 and vip028. Biotinylated versions
of these two primers are vip034 and vip038, respectively. PCR amplification was
performed using the following cycling conditions: 2 minutes at 95°C, and 20 cycles of
95°C/30 sec, 60°C/30 sec, 74°C/30 sec. PCR product to be used for folding and ssDNA

purification reported in example 7 below, was made with vip034 and vip028 primers. The



and subsequently cooled in an ice/water bath. In the

second series, the mxture was heated and cool ed
wa@giong4goke f ol | owi ng program on an AB12720 PCRPOEDKERIVS/000714

94C for 5 mnutes, 80C for 30 seconds, 65C for 30

seconds, 50C for 30 seconds, 35C for 30 seconds, 20C

for 30 seconds, 10C until next step. In the third

series, no heating or cool i®Ag was perforned The

groducts wer e analyzed on 20 % TBE _ure

PCRpveduebyasanalypekbpeativaa s Gt 4 W20 hb By §\@E¢eréf|58'é‘rPn the gel
d%ﬂ?%f&##%. 1robes S7563, 1:10.000 dilution in | x TBE
utfer, according to instructions). In Fig. 14 the
| anes of the gel conprise the follow ng content: Lane
1: PCR product diluted 1:2, quick cool Lane 2: PCR
Egﬁro uct diluted 1:4, quick cool Lane 3: PCR product
d 1:10, quick cool Lane 4: PCR product diluted
R@ﬁ%@n§QHF@§. 58@lct, Lane 5: PCR product diluted 1:2,
step Coo Lane 6: PCR product diluted 1:4, step coo
Lane 7: PCR product diluted 1:10, step coo

06/ 7
GO e e e i arads
péfotmedasihg Eartfcﬂflh‘bp (Aperdatf) cathOR3 D 0@7:171‘&1) ackiordingth kit 4,
no treat t a 11: . P d 1 .
o R e b S e T RESEUE b g s ob Ty v
0l r;ﬁs@tvﬂﬁﬂg in laae@ﬁmi'e?t)f 1BGR(P DS @todaed ttixEd Wltﬁij,ﬂ Qb\fﬂaﬁbr/prlmer
‘shows 't hat single stran ed star structure

mgi)gm PGB pmduab\pas usedm 4 differenhoqnseitiaggns @@al}gefr%i Jsfitution
t g%l@fo%ggﬁ%ne %&e@ Q?eel‘?n{)&utre Rk iddd aet9cpfo'1 T?%lglﬁt?g % Béhl%{/g water,

ructure€ formation is heatin
afflsubkequentlyi cvgledfin b et tbatn b thEsewopd SGIES,F?hfF mfiitergtywagn
hgafte a%dfc(c))lo e %sﬁ'é He o ltltgvyl(r:l‘é lf;{rogram on an ABI2720 PCR machine: 94°C for
5 minutes, 80°C for 30 seconds, 65°C for 30 seconds, 50°C for 30 seconds, 35°C for 30
seconds, 20°C for 30 seconds, 10°C until next step. In the third series, no heating or

cooling was performed.

The products were analyzed on 20 % TBE urea gel (Invitrogen). The gel was stained with
SYBR green (Molecular Probes $7563, 1:10.000 dilution in 1 x TBE buffer, according to

instructions).

In Fig. 14 the lanes of the gel comprise the following content:
Lane 1: PCR product diluted 1:2, quick cool

Lane 2: PCR product diluted 1:4, quick cool

Lane 3: PCR product diluted 1:10, quick cool

Lane 4: PCR product diluted 1:20, quick cool

Lane 5: PCR product diluted 1:2, step cool

Lane 6: PCR product diluted 1:4, step cool

Lane 7: PCR product diluted 1:10, step cool



The ssDNA star structure was purified using
streptavi di n-coated nagneti c beads (Dynal, Cat#

WG 20602025 10 | beads were washed two tinmes w t PCRRKBWE/000714
(2 MNad', 10 mM Tris- HC1l, pH 8,0, 1 mMEDTA, 0,2 %
Triton X-100). After the final wash, the beads were
suspended in one volune 2x BW and added one vol une
ref ol ded PCR product. The 8@spension was incubated

for 15 minutes_at roomtenperature, mXxing every once
Lang 83PCRureduct dihited LiB@ stgr<sopl aced in t he magnet,  and

f e sheen col ected the supernatant
La\%ﬁ?' ?gk ?/%%E?%é%gé’ S thﬁe éuspended in 50C war m wash
LanaflDe PCR2prviuatiddated 0:41nd4cdatmegn X- 100), and i ncubat ed

for 2 mnutes 50C ~The tube was placed on the
Lﬂ?ﬁdﬁé‘f&&ﬁ?ﬂﬁfwgh\}\%ishl%ﬂlﬁrg%}e@t was performed three
LdneMBSPCR pradued dilvedel 50, alre@eht was performed in 1 X

BWM (1 MNaCl, 5 nMTris-HCl, pH 8,0, 0,5 nM EDTA, 0,1
Lage 13 PCR@rodueom)ly Fol | owi ng renoval of the final wash

buffer, the beads were suspended in 1,5 m NT (10 nM

NaCl, 0,1 % Triton X-100), and incubated at 50C for 5
Thei experent Fhews thabenglasirandethstdretuetdre PN Aris indgratieg arapp. 1000

bat h for .rapi ool g, .and, this pr re.resulted i
ory G b d® R BN b e Y aSreRiR BN Gl Eolfon
stétstreg@tn@Voshdio dahatngtgletd 8y heiak Soolinke thaibactivas

after the rapid cooling placed in the nagnet, and the

super nat ant was WO 2006/ 048025 PCT/ DK2005/ 000714 67

renoved. The beads were suspended in 50 gl NT, ready

Efanigg gest with Bsal for release of the ssDNA from
the beads. 17 gl beads were added 2 | 10 x NEB3 buffer

Puaifitation ofBsdbld¢d SaldtuptudEB RO535L) .  The reaction was
i ncubated 1'V2 h at 50C. The di gest was anal yzed by
denaturing polyacrylam de gel electrophoresis (10 %

THEREDNERard@huctutd Was Judiied hsin®¥rpeidig coAeNRhsictib Beads (Dynal,
| oadi ng buffer to the sanples, and | oadin wh

t he whol e
Coif REUPD. [ el brartmgerctiesshaa@dinias RN BITSCON NAd: BumM Tris-

iWNgd oyvirt:n SY! I
HEL RS, 1St BRT G Tk GABE e M bt e B R
sukeend eds inrane tviobwnee) 2x BW THing .added ameerobared-efodded PR p@dudtriThe
| ane. 1 +Bsa{#} i?n and no band . is seen in.lane 2 -,
SUSpEnsion | geubdies ,orﬁ ﬁ émglét%rm te{rme YeRIXHgCVery once m a
whild, TRt aibe al plead Rahdmanet,ia6d BRadEe bdrds had BdeficOectddahe
substrate for Bsal denonstrated by the ability of

SugPIRgtAE Was remesde The beadhwereshrpgndedinSAd &d@p r“@almbvf.fér%e M
urea, 0,1 % Triton X-100), and incubated for 2 minutes at S0°C. The tube was placed on
the magnet, and the wash procedure was performed three times in total. One final wash
was performed in 1 x BWT (1 M NaCl, 5 mM Tris-HCl, pH 8,0, 0,5 mM EDTA, 0,1 %
Triton X-100). Following removal of the final wash buffer, the beads were suspended in
1,5ml NT (10 mM NacCl, 0,1 % Triton X-100), and incubated at 50°C for 5 minutes. The
tube was transferred to an ice/water bath for rapid cooling, and this procedure resulted in

formation of the star structure immobilized on the streptavidin-coated magnetic beads.

The tube was after the rapid cooling placed in the magnet, and the supernatant was



Exanpl e 9 Di gest Loop Format Two genones were
desi gned, both enabling digest in the |oops of the

W@ e@er/0$f0eiict ures. Restriction enzynes are i n PENBK2a005/000714
not capabl e of digesting ssDNA. However, annealing of
10-nmer oligonucleotides to the | oops generates
substrates for the enzynes, and thereby the
recognition sequences for tké enzymes will becone
doubl e- stranded. The design of the experinent is

regopedrehe bsads yeshainpensdgd m 3 LIDET, ryagy fax digest withPopkfor release
“ﬁﬁfﬁﬁﬁhgﬁ”“ﬁﬁggﬂﬂgd s149. s129 was conposed of the
oW ng I gonucl eoti des:
vi p029-vi pl 6l - vi pl 62- V|pl63 vi pO7O. s149 was conposed

VP s o | REBY g TG P Uk Rk
THe9r3acﬂ110h wad icabdted €600 |50‘P© lThS Giig‘égtﬂ;(éﬁfanﬁl%edtwyﬂdenatunng
restrlctlon nzynmes (Vi and BanmHl, vip

pofypsrylgrpiggeeel %PHRBWTESIWB %@@E Wmfﬂ Iakirogem) by %4%“%193
déﬂﬁhngnﬁdmg%ﬁff}r M@é&%é@“ﬁ%%d’ 1@— ﬁl%ggﬁ{]&%g iln%hl(d?% the

oesS (prepared GC, Copenhagen,
boady ia thy w@&s afthegal. T:}mgs:éwas mm@chwme SYBR greénx(Molgada Probes
f N
SF)%%’t ﬁ!oeé&?v\%ﬁrug Bg n cu gz:\[t% eEgb “3?"%38 F(frg\% :to @3@%‘”8?]55 m nut es,
80C for 30 seconds, 65C for 30 seconds, 50C for 30

con 35 r 30,secon 20C for .30 seconds, 10C
OIEJ ﬁ’t 9 o%ggpgés( éﬁervqxﬁ m lgﬂ%ég-fﬁqqg lﬁ}e@gg a0 ,bénq,\)g§een in lane 2 *-
Bsﬁ!?rlﬁ&r TRéL, BR sIOINAPPAY BeBbR eshe vﬂﬁzcyo%%d T tlc beads thus

machi ne. The 5" termni of the o gonuc eot | wer

fopping Beaupstepteigr Byal Temongratest byrthe bibtyi adéhe emzynas eo cheave off the
ting of 1.5 pMstar structure, |x DNA

Sllfg%%ﬂéé&%ﬁéw&d&( New Engl and Bi ol abs), 50 mM Nad and

0.17 U T4 DNA pol ynucl eoti de kinase (New Engl and

Bi ol abs, cat# M)201), was prepared and incubated for
]bgo jyutes at 37C. A phosphodi ester bond between
—iru£ggposed ends of anneal ed ol i gonucl eoti des was
Di gﬁmgﬁjp&ngg DNA | i gase (New Engl and Biol abs, cat#

, In 1x DNA |igase Buffer (hbm1EngIand

Blolabs) 50 mM NaCl, and 200 U T4 DNA |igase (New

Two g%l%rq‘nt%s gflemdaemgp dngotg.[en%_@tggzdzgest met]h V%o;lils t g stzg'rostl cturaers]d

over
Restnctlon enzymes are in general not capable of digesting ssDNA. However, annealing

of 10-mer oligonucleotides to the loops generates substrates for the enzymes, and thereby
the recognition sequences for the enzymes will become double-stranded. The design of

the experiment is schematically shown on Fig,. 16.

Two structures were assembled, s129 and s149. s129 was composed of the following
oligonucleotides: vip029-vip161-vip162-vip163-vip070. s149 was composed of the
following oligonucleotides: vip029-vip161-vip192-vip193-vip070. Vip162, vip163,
vip192 and vip193 all contain recognition sequences for two restriction enzymes (vip162:
Apal and BamH], vip163: EcoRI and Kpnl, vip192: Pvull and Sacl, vip193: Smal and
Vspl)



PCR anplification was perforned using the follow ng

conditions: Reactions were perfornmed in 1 x ThernoPo
whobes80tNEB BO004S), with 0,2 mM dNTPs ( NEB PABDBE2(05800714

nM MgS™4, 0,2 M sense priner and 0,2 M anti sense

primer, 1 M Betaine (Sigma B0300), 1 U 100 gl of Vent

(exo-) (NEB MD257L). Prinmers used were vip027 and

vi p028. Biotinylated versioh$ of the priners are

vi p034 and vi p038, respectively. PCR anplification was

performed using the follow ng cycling conditions: 2

Dﬁwﬁfgggs @geggé&‘b %@%@é@a%é n%%%%%ré%edﬁg

secC secC ere e exper]l nment
coneenfagonsEach innlxl laipase Buﬁﬁed(N%ew EnglsndsBrehibB]‘l a0 niM)NaCl The

mes were aml jf.i ) es and 4
i TG s Py B BTR PP Ee P S iyt bR e st s or
30gLsidE 5.0° R r2A0RL SHHB 05 C 6, TI 0L AR/ W00 131430 £8onds, 10°C until
Purlflgatlon of sSDNA structures of s129 and s149. 80

nekt SRR BF afrating presrduis v eriopphomaARR lird Biogysiems 32720

P nB@nhe 0enome was purified using PerfectPrep
(Eppendorf, cat# 0032 007.740) according to kit
instructions. Elution was done in 40 1 elution

T}\Q%ﬁ Fe?mim Ic:)?{he 0 1fgor|1udc;eogﬁ§sgyér? gh%ﬁ (Prg%%%%gr'%td]a@g poéwc}fgﬁde
kiaBe. 2A vatbl@l cogﬂst&g%f Trs ﬁM@taf(stthlr? 7Lx5DNA 11@a§@§17fgéifr(|ﬂexz 5
ncuba mx in boilin
E“%Jéf‘é :BD‘%‘? ) %0 Mﬁ%‘g‘gﬁnd Arld Webi4 Eﬁﬂf‘e R?lynuqlﬁoaﬁe k@ésev(a%egr
EnBabl B1@9059£at§M0‘2|@t1 ?Wag Bfép%‘\%/g_gl?iz ﬁ% é‘o??(?al%nl)ﬁs% R&C.

washed two tinmes wi'th
Tris-HCl, pH 8,0, 1 nMEDTA, 0,2 % Triton X-100).

OB e o AP B BB
fomreddxyé]ﬂ DNAdigasis Qesvs EnglanteBiolabs ld:h‘ﬁftl‘&dz()?@ rinlp D’NAQ Mg@@ Buffer
Ok g BT e v R d R Do iSase (i Helop b,

catI#EMOm?[h a $Allime of e0luf i isdtBekd Bl &ighvas cFenmoved. The
beads were suspended in 50C warm wash buffer (2 M

urea, 0.1 % Triton X- 100), and incubated for 2

Pd;@.nzgﬁﬁlﬁﬁa%n ﬁlgsg? ecﬁ Hgﬁ th@%lo@ll gogldﬁﬁmg he magnet,

ocedur 6 was perf ree tines in
total. One final Wmhvmspeﬁonmdln 1 x BWM (1 M

Rehopt g e et TERpAPa ot VLR ROUTHS i 02 M dNTPs
(NBB @8I 78 BEnBIUNERSOM S uM sense primer and 0,2 uM antisense primer, 1 M
Betaine (Sigma B0300), 1 U/100 ul of Vent (exo-) (NEB M0257L). Primers used were
vip027 and vip028. Biotinylated versions of the primers are vip034 and vip038,
respectively. PCR amplification was performed using the following cycling conditions: 2
minutes at 95°C, and 20 cycles of 95°C/30 sec, 60°C/30 sec, 74°C/30 sec.

The result of the experiment is shown in Fig. 17.

In lane 1 and 3 it is seen that both genomes were amplified successfully. Lanes 2 and 4

are negative controls without ligase added for the two genomes.



in 501 10 MM NaC, 0,1 % Triton X-100. 20 gl of the

beads of each prep were separated on the magnet, and
waompessiexl in 10 | 100 mM Nad, 0,1 % Triton DET/DER05/000714

Each preparation was split into two tubes of 5| each,

and di gest oligoes were added as follows: 1: s 129 -

vip 164 - Apal 2: s 129 - vip 165 - Kpnl 3: s 149 -

vip 194 - Pvull 4: s149 - ¢Pp 195 - Vspl 0.25 gl

oligo (20 gM stock) was added, resulting in a final

conc. of 1 M Annealing was perfornmed on AB2720 PCR

i i 2 mnutes; 40C - 2 WO
D e B % i mut s 3G 2

80rti 1 MERerod B0 Gnadeusingip@ied; an8 @028 PrimershidLsach 26dme Ras purified

i 2 - 2. . beads. .washed i .
uslg P4 B pneaae PO po7 B B0 G SRfucives dpon
was\toae fanill fut Dy DREBE 86 tefoldin® of the PLR NGRS thd¥fib®g was

The reactjons were split into two_ tubes, 9 gl each,
PR o Al e pGueR AT O S MRS, 08 T Betckral, 1,5
, : : . h :
e 7 T2 fd 02RO B PR e BE,
miaiss,jang aerd e igkltin 37 @e-watezgh.i on was done for 5 h,

m xi ng every once in a while to suspend the beads
fromthe bottom of the tubes. Follow ng digest, the
20pi SduptheidindreadsaiDynylz 630.01) wdde ¥asHBE twié Bmeg®ith 2x BWT (2 M

it , i ffer was added to the
Nl gl LSRR §hof €M ERCR, 81 e 08). it h fnal wash,
thd 8RS werdRspeRddan oROvE10Re 2R IBWTRE fled VRS valliAle ngﬁld\% bR
SYBR green (Ml ecul ar Probes S7563, 1:10.000 dilutron

prodyct; The yspensipnfveas incibaisd dorrl§ minuien stroomitérope)tureT gxing every
ook bl TSI EAPETS B AR e
collicrelshe pfpemb @8t whs B@Gved. dhe beads haxssuSydnibd th WeStwi wash
buﬁ‘%rd'(% l\?ture%?& 1 ").T?Qteonél}{j H&Y\gndvi?\gllxba(tjeid%g? 2t m?rfuté]é? S5)()"aCt. T%Z %:ube
was placed on the magnet, and the wash procedure was performed three times in total.
One final wash was performed in 1 x BWT (1 M NaCl, 5 mM Tris-HClI, pH 8,0, 0,5 mM
EDTA, 0,1 % Triton X-100). After separation on the magnet, the beads were suspended

in 50 pul 10 mM NaCl, 0,1 % Triton X-100.

20 pl of the beads of each prep were separated on the magnet, and suspended in 10 pl 100
mM NaCl, 0,1 % Triton X-100. Each preparation was split into two tubes of 5 pl each,
and digest oligoes were added as follows:

1: 5129 — vip164 - Apal

2: 5129 —vip165 - Kpnl

3: 5149 — vip194 - Pvull

4: 5149 — vip195 — Vspl

0.25 pl oligo (20 uM stock) was added, resulting in a final conc. of 1 uM. Annealing was
performed on AB2720 PCR machine using the program: 50°C — 2 minutes; 40°C — 2



Lane 5 shows Apal digest of s129 at 30C Lane 6 shows

Kpnl di gest of s129 at 30C Lane 7 shows Pvull digest
w@boos 425t 30C Lane 8 shows Vspl digest of SEADDER005/000714

37C Expected band sizes are as follows: Apal: 163 nt,

Kpnl: 80 nt, Pvull: 165 nt, Vspl: 83 nt. On the gel,

bands of the expected sizes do appear for all four

enzymes. Note that the fradfents containing biotin

W || ?S? ter th astheé are bound to the beads.
MBS tq'rpgi“éﬁ“ﬁ? v%n!imﬁ?s@ 0t T 2gmiBwicsig St he 2 minutes; 20°C
—pahtgtyess of the procedure. WO 2006/ 048025

PCT/ DK2005/ 000714 71 Exanple 10 DNA directed
formati on of am de bonds in various topol ogies. The
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017, by the
G0 Fcigat e el O piach ube, resuling in 1 x
di éé‘sﬂ&ﬁfdﬁ |f69 tHO AU GAORORY bpdﬁgés% W 1]1@&%&8 '3?30%%(12 rtl‘feeotﬁ?' L

21600) treatment of the oligonucleotid
W@Sﬂn%lbmé#t\ﬂaﬁ ncabagionivandproiophds mixing enerponded00 whil to

i V. O BSOCCES sol ution in DVF
Sugﬁeh theq’r%;(rits gé)ﬂg%zb %“\acffme y 0, 3 vol unes of a 300nM

am no acid (A ycine) solution in 300MM NaOH for 2 hrs

I of, t r fion was 200 ulL.
Follping s, Bt s B e o Bt ool B et by
Lotk bpffeci4y ddakd Mhaai@esuss QA WetW I rehdHoh ik X fncluding the beads

rification, preC|p|tated by NaOA
W@étf%*ﬁé PR gregs! (Té?ér%]r‘&%ﬁ@tm@ed wigh BYBRigream, (Molqwuzr Probes S7563,

1: NG AdituSion T 1 Q%’%%gauf%p ac&/)g 1&%% ﬁngtrgtl % q Spr i ng

Laboratory Manual econ
Har bor Laboratory Press, Cold Sprl ng, Har bor, New
nded in water. The

ThX?eslﬁotr?lg eex er&f@%m\}\%m@gwg E g by preparing: 0,556 uM
Laﬂélehmhs @balg@gwcdf%tpw geg7°@¢1l M MOPS pH 6.5 (Fl uka

Lafind SR HIg5] FUa0 WGHECT or 6 M nut es. 80C Tor 30
LaR€S SRS PRI fQE 0fA 45 GEPRES,
Lane 4 shows Vspl digest of s149 at 37°C
Lane 5 shows Apal digest of s129 at 30°C
Lane 6 shows Kpnl digest of s129 at 30°C
Lane 7 shows Pvull digest of s149 at 30°C
Lane § shows Vspl digest of s149 at 37°C

Expected band sizes are as follows:

Apal: 163 nt, Kpnl: 80 nt, Pvull: 165 nt, Vspl: 83 nt.

On the gel, bands of the expected sizes do appear for all four enzymes. Note that the
fragments containing biotin will not enter the gel as they are bound to the beads. Both

temperatures give a product, showing the robustness of the procedure.



50C for 30 seconds, 35C for 30 seconds, 20C for 30

seconds, 10C until next step. The annealing procedure
woR®6epe0HDr ned on an Applied Bi osyst ens AB2720PEIZRK2005/000714

machi ne. The DNA directed chem cal reaction (am de

bond formation) were perfornmed by adding 100 mM DMIMM

(Acros, cat # A017657001) to the pre-anneal ed

ol i gonucl eoti des. DMIMM wadldi ssolved in water at a

concentration of 1 M Before adding DMIMM the

reaction m xtures were preheated to 50C. Fina

concentration of each oligonucleotide WO 2006/ 048025
Ef%g%@%@005/000714 72 was 0,5 M The reactions were

perfornmed in 100 MM MOPS pH 6.5, 1 M NaCl, 100 M
DEMTdiNcteldi forhation € emidedohdyia varidbus tepolediesre of 20 |, at

50C for 3 h. The reactions were anal yzed by PAGE;, both

native (20 % pol yacrylam de, Invitrogen), and by
TEEARHA188 RBAFE (71 QS FReliMAR Lo W@rgs%flinfcirigYa%ra%ﬂno acid (Glycine,

Invitro eng, followed by staini'ng with BR green
Flokpeas #00472) Prowshsherifeaning td e @oigraty dine on ah mtdmal fi®kfied

ff.er ' LNSLELUSE ) . results are
AR, bR Ko B Rk IR EL SO B0S (Bl 20! (0 2
(shaciimidpoaydarienhylokyethyt]sulfinek iPitgecrat/a2i600) BEirehtment of the

oS (5 DDA e 2 e O BT oD e
0, hoombick Bné 100l BSOBOES BSIGEEES DNIFSoNRinfd £9 547 fbifowed by

osjtioned between the two hybridization segnents in

0.4 vplomps ol peSmsMasriso aid (@lopinal solutiendr 2eGralrNalHl fier 2ds at
2 e B8 B0 S0 D B Mcons

wetk fidolatest bybetQdbpbipitstion and @sst withndoe fatheopfifip@idn. G y

upon the addition of DMIMM Accordingly, no visible
band was observed in lane 1. Vip018-NH2 has a nodified

DNA waprédipitadgl B W40 ARV BEddedih©td Sueerdd¥, B Bitsch, E.F. and
hybridization segnent conplenmentary to the 5' .
MpRigiis, di £l28Pbin “Yeierek Cloning: gd-aboratory Neawalbritepgnd Ejtion, Cold
. . 0 S g .
S R Pl O Bl N ) e beiB g
regnspendp@ ipwatear y ami ne on vi pO'S. Accordingly, a band
corresponding to a dinmer conposed of cross-Iinked
vi p017-d y/vi p018-NH2 was observed in |ane 2. Vi p006
THeasi gonugbdotides W e Ynsa R tpsepatin® @, $56MiND O dacHoyig@iidleotide, 111

V] - , it 1s thus_ capable of formng a
il GORS Y frnFioke sdodad vl N Bk 7 g o pgedventy
inGubar a3 ¥ollows: 94°C for 5 minutes, 80°C for 30 seconds, 65°C for 30 seconds,
50°C for 30 seconds, 35°C for 30 seconds, 20°C for 30 seconds, 10°C until next step. The

annealing procedure was performed on an Applied Biosystems AB2720 PCR machine.

The DNA directed chemical reaction (amide bond formation) were performed by adding
100 mM DMTMM (Acros, cat # A017657001) to the pre-annealed oligonucleotides.
DMTMM was dissolved in water at a concentration of 1 M. Before adding DMTMM, the

reaction mixtures were preheated to 50°C. Final concentration of each oligonucleotide



functionalities of vip0l7-Ay and vip0l S-NH2 in the
reaction chanber in the center of the star structure.
waewondionyl y, a band corresponding to a di ner POIPES@d/000714
of cross- linked vip0l17-d y/vip018-NH2 was observed in
|ane 3. Furthernore, |lane 3 contained nore stain than
lane 2, indicating that the closed trinmer star
structure creates better réaction conditions than an
open djnmer structure dges. WO 2006/ 048025
wasCR) Bib 00 resstinsavery genarpgd on MUPmNEMQPSRI&615, &&1 iaCl, 100

nppmﬁ'rmmg a1 Qb RN voRite dit |
1 hybri di za 1imon segrrgn(t)sﬁntlo y?%of%fGo&g’%ggaﬁugrﬁl y, no
bands appear in | ane 4 because the reactants of

TR i S RS Gl Sr iR DS B, v
antHyrdenldtaaid PAGEQQ0RNSol fRPARhRle Of M4, 1AV i&bES), Bl &ved by

segnen f vipO 17- dy, and another hybridization
st et ORBreEen sVokegWrs RoDesny 564 Nl Gediltion imhic dBE buffer,
ao_ﬂﬁﬁintg% Rehé RS, A1 CQME 2BhBdnth Plgl [G1Y am ne between

its two hybridization segments. Thus, vi p006 brings
the functional groups into proximty, and a band is

A IOt L B
thifoy gix ihditatfa{ahﬂi_i\e me@a@mha@amgﬁ & a)ltﬁqﬁﬂl}ﬁbﬁ iitgépﬁgl_rtg“ i{n_Qrip?OU, by the
segnent of .. vi - and _anaqt her bri di zat i on
hO?ggﬁ?HmeL‘HﬁﬁF g%@ﬁ% }Tham?ﬂ%dtda Ty postsae gt cq felivo
hybBagizatfnReginbhts th €170 CONLHBHEE s RotRlohiIR a,%[%ﬂ@r %rﬁhél‘@l? 5

its two hybridization segnents. Thus, vip009 I ngs
maedified i dt Gonrins Qe duibridization spanasat miithywhigteie sild hylgidize ta

: ' | C t 1t "
VAL YE e g A B BB (e O [Pt nae wision
of M FMML. zZsdconiingl g groeiidible dpablvas afsetvydin lhezi.ng to a

segnent of vip0l1l7- Ay, and another hybridi zation
segnent capabl e of hybridizing to vip020-NH2, which

VipeIs-NH2maslh frioaticd HTeoRlasinY NgkiRaRfantiRe bIBHLABy B8t ween
Its two hybridization segnents. Vi p009 has one

hybgdizatignse@ment comglepsntanatpdhn & hybrifizaiandieginery in wipQ17.
: v 4l vati
ConSelTetly. 8] sl Rl yinpl Kon ARG AR, B R pgeeen
therpagino acidwdnjbgaed @Tvielitaad tHerpyingarp amineron vapi 18 eA bR HRER, a
ifs two br.idization se nts. .. br.idi_zj .thes
batkd SortelPondi o3 Rk e R sk ip e DR DRGH2 was

obdeptaddfitmet ar sStructure. In lane 7 a band was
observed, show ng that the functional groups on vipO
17-

Vip006 has complementary segments to both vip017-Gly and vip018-NH2, and it is thus
capable of forming a closed trimer star structure and arranging the chemical
functionalities of vip017-Gly and vip018-NH2 in the reaction chamber in the center of
the star structure. Accordingly, a band corresponding to a dimer composed of cross-
linked vip017-Gly/vip018-NH2 was observed in lane 3. Furthermore, lane 3 contained
more stain than lane 2, indicating that the closed trimer star structure creates better

reaction conditions than an open dimer structure does.



Gy and vi p020 are brought into proximty of each
ot her by the hybridization of the four
w®@biogossees eot i des. Furthernore, | ane 7 contai nBGI/DER@5/000714
stain than both lane 5 and 6, indicating that the
closed tetranmeric star structure creates better
reaction conditions than open triner structures do.
WO 2006/ 048025 PCT/ DK2005/ 006714 74 Vi p04S-NH2 has a
nmodi fied dT containing a primary am ne and one

Vm%?ﬂﬁilzw.adﬂodlﬁ@bﬁﬁ RenteiBEIsIPEINEY NI B itcontains no

SR BT 0 TOLA AR W 1 o

tha mepstahisrog th@ZWMMipO 1|7sGiym$eendté>ch@ht intecprexibiityes, basd
i.nvol ved in hybridization (wobble nucl eotides). A band
% observed in |ane 8, thus indicati ng cross-|inking
of the two oligonucl eotides. However, the 6 extra
nuglg otides introduced did |lower the amount of

a9 g bridirinucessent arprbly ofdyBrdipingyo a Wﬁ pigp017-
Giy’iﬂlﬁl £hotlad hif Pn w f@?&?[ 516%@ ﬁymﬂlfé%%) Q;OnNHZdhfch has

ment c ap
31ﬁeéd@ cam@mh@ra Mybarwdnzm bezmemegrtwnﬁlybmpad:oioa segments Thus,

Vlgd(%r Bl’g\ 5 kh%%uxgc%on mﬁ%luspg rlrlil\{ﬂ E‘T%TBI% r%ld ﬁ%gl’rlc? HiV?%IF §pn gne 5,

co&etglmmgcraﬂpiaikle@vprl7-b}1y1dmdlﬁp010-NH}2017-G y. Between the
nodi fied dT with the primary am ne and the
hybri di zati on segnment capable of annealing to

VpOOPRek-Jak hiybridib MDA rsteﬁﬁ’en@ cﬂ%%ieed?e zgﬁcﬁmﬁg% a Y @fdsflb(ﬂ 7-

ybridi zation (wobble nucleotid presence o
Glyi pelmother higsidization mmeeh@lpalwle Oghthglmgﬂtbwlmﬁ”@mm,twhlch has
a Iﬂﬁ&ilgl%% BY leﬂgﬁnngt prfn?e{r ?w?esbe eep 1%7 é\g% ?;{ mf %aﬁlgn éegmengs Thus,
vipOOd hrmgs thg fuﬁmtma/h gpnﬁiib@ igtd pruximize Adchdinply, ddatd ®as observed in

ner. . star stru re) . a |on proceeds

laé)e(% CRPSHfIng Cfcﬁ'é “ﬁ%ﬁﬂﬁa 8&?@%&’9@}‘ Iil-or mat of the
reaction. Vi p04S-NH2 has a nodified dT containing a
pri mary am ne and one hybridi zati on segnent capabl e

Vl@@%haﬁdmﬁ §vhrislization seeneng carsbleved bybrididngrisch Segmgnicl V\m(ﬂﬁ-

h
OB eI, 0SNG SOy v
a modifieddT desaining aiprinciry edinerbetween iitd It\Z@hytfrfdl_lz(aWOi_ﬁ) Bdginents.
B b B ST R R R e v
Gl@!ﬁﬁd%bthBMthdizéﬁéﬂ &@meﬁl&ﬁggcﬂé ofIRBAAzeh b VMOJN:H’Z 'vﬂﬁ’ch has

c({a segnent of vi p048-NH2 cont ai ni ngl) the 6 wob
a mod1 ied dT contammg a pnmary amine between its two hybridization segments

Hybridizing these four oligonucleotides result in the formation of a tetramer star
structure. In lane 7 a band was observed, showing that the functional groups on vip017-
Gly and vip020 are brought into proximity of each other by the hybridization of the four
oligonucleotides. Furthermore, lane 7 contained more stain than both lane 5 and 6,
indicating that the closed tetrameric star structure creates better reaction conditions than

open trimer structures do.



nucl eoti des. Thus, upon annealing of these three
ol i gonucl eoti des, the primary amne on the nodified
wW@lT000/1048029048 i s nmoved 6 nucl eoti des away for PEEDK2005/000714
reacti on chanber and are now |l ocated in the double
stranded arm Double stranded DNA is in contrast to
single stranded DNA very rigid t hus preventing the
conjugated noiety to nove fréely and WD 2006/ 048025
PCT/ DK2005/ 000714 75 thereby decreasing its
VipQ4%-NHZ hay 2 modifigdydTn malmaa pprigagegnying ancheneshyhridizaken

se%@ﬁrc\éﬁﬁﬂé o bﬂlcﬂﬂ pO Y- @g? N@l@n h%ﬁ'%c?dlﬂapd’lf W&l tl%-limmary

cdont ai hi ng a ry anm n
anipd pictthe aybmhzasleg wegnent capblert atmaling © Wit 75Gly is inserted 6

-dy.. Mipnos56 t
HT R T o
laivd §) Gﬂlﬁ-lﬁwatl_n@mﬁbss@lﬂﬁiﬁl@ OF tHRYIb ioﬁ%&ﬂl%legfi%e‘éﬁlHWWeé gtﬁé’v\gg%t?a

brid ng.to the segnent o
HUP{‘?@“%[ ; Ifrflgf‘él QéﬂW%ﬁh%%%f@h%crosﬁrlﬂ@s@p@émtabmne@ as seen by

aﬁﬁkﬁ@gﬁH@EQQQMQgg (wobbl e nucl eotides). A dinmer band
is seen in lane 11, indicating that the reactive

groups are brought into prOX|n1ty of eagh other for a
the
VOB R R Gy G GE e SO Sl B e oo
Glyj 4rid ahbmelch@rblnelrzhtlm sﬂgh{eﬁlcdapﬂﬂe bﬂh}?)htiiizmg&& REIOUBEMH048-NH?2
hag FGH FOIO0 SO GO B ST SRk ey B GH corsegment capable of
bnﬂilhgﬁm@ﬁm}l'ydﬁetﬁféé’ﬂ ihd rﬁd@ﬁf?erdrlﬁl witR ey ﬁgrgg—m{n@g}@ Bie 0~

dT) (position n = 1) Acetylation wth Fnoc-AA
hYb’fl@ﬁQﬁOé@eme@WW of pnaeabing govin@1 %Gty id ensetgDE Budbenvidexgnot

infil o Th B 2 B0h RES0ei; flqggifig acyl ated with Frees

(4-(4, 6-D net hoxy-1, 3, 5- tg|a2|r i yL;4ib4) by
h h| FI uka
o OGP Rt b S Bt o v seorecs
fointedas déeh iflahk Y Bhdban@Viteing w3 Qtrgﬂc\#ef\lﬁlgl tHaP8Rhhe fan¥\’8 th

one, of the follow ng buffers: I um phosphat e 40

md,mtmg that vip 004 gtelslizgy dheiru rTUChIEE (rimer sEREGCtur) andrivie pJHCBOIO
pl&@%s%mﬁm%ﬁuﬁﬂ tHMln{%ﬁE%m%_o%ac I of hs oo

Total reaction vol unme was ns were
i ncubated 16 hrs at 25 C. The reaction

Vip048-NH2 has a modified dT containing a primary amine and one hybridization
segment capable of binding to vip017-Gly. Between the modified dT with the primary
amine and the hybridization segment capable of annealing to vip017-Gly is inserted 6
nucleotides not involved in hybridization (wobble nucleotides). Vip056 contains one
hybridization segment capable of hybridizing to vip017-Gly, and another hybridization
segment capable of hybridizing to the segment of vip048-NH2 containing the 6 wobble-
nucleotides. Thus, upon annealing of these three oligonucleotides, the primary amine on
the modified dT on vip048 is moved 6 nucleotides away for the reaction chamber and are
now located in the double stranded arm. Double stranded DNA is in contrast to single

stranded DNA very rigid thus preventing the conjugated moiety to move freely and



m xture was diluted to 50 yL and purified on a spin

col umm (Amer sham Bi osci ences #27 WO 2006/ 048025
W65/ 000714 76 5325-01) according to PCT/DK2005/000714

manuf act ures protocol followed by purification by HPLC

and nmass spectronetry analysis. General purification

nmet hod: Functionalized ol i gonucl eoti des were purified

by a Hewl ett Packard Agilent/SHPLC instrument wth

auto sanpl er,_and fraction collector on an XTerra C18
thersbyderreapmedis seactivibn dgoadimgli enlyg veeefainstein was obssaed in

oMM pH 7.0 m xtures as eluent. Appropriate

ractions were |lyophilized and diluted to 20 nMwi th
wat er. Ceneral nmass spectronetry anal ysis:

F Fonal i zed.ol i gonucl.eotides were a z by,
Vi BN S P » By e BoRG e
hybrigizEtidEstment cdnipRideAmIP Y tHes ChybridlAtioddginentis ivii17-Gly.

negative ion reflector node. DNA Cal cul ated mass

Found mass vi p068- LeuFnoc 6843, 340 6844,5 Exanpl e
R B ey BN R O 2 ipb 7B ha
anpher hybatdizetiompagmermapabddo Usbritirngioitgroregmiemtotfiviied 1 8-NH2.

vit at.ed wi th Fnoc: AA- OSu (AA = .or L

Bty PR A G st MR LR 458 TRty cne
nudiestiddsy eddinter Barill id se¥hii lahe 10findbAtingnBht ts0@hddive groups are
b&pgglsphate buffg? ?Jhoo pH 7.4 with 25 nmV

TOUERE INEg DEOFEILY XrFath Hpehior efemienl resetiphigacewanddhe 6 wobble
nuCIeBEdHs I e 05D d5E Adt ii‘rff)rair%hé"}grﬁxi%ityzxﬁitlghe Ii&ent architecture in this

functionalized oligonucleotide was preC|p|tated:%y
CXppIT/ Et OH according to (Sanmbrook, J., Fritsch, E.F.

and Maniatis, T. (1989) in "Ml ecular Coning: a

Laboratory Manual ", Second Edition, Cold Spring

Har bor Laboratory Press, Cold Spring, Harbor, New
Exymple)11 The pellet was resuspended in water and

anal ysed by MALDI - TOF mass spectronetry. WO
Chepigsi pieserBorpefTyapreod Bopedeotiges 77

la

Example 11.1 Acetylation of an oligonucleotide having internal modified dT (amine-C6-
dT) (position n = 1)

Acetylation with Fmoc-AA-OH promoted by DMT-MM.

The oligonucleotide Vip068 having an internal amine-C6-dT, was acylated with Fmoc-
Leu-OH promoted by DMT-MM (4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride, Fluka #74104) by treatment of the oligonucleotide (500
pmol) dissolved in a 1:1 mixture of DMF and 300 mM NaCl together with one of the
following buffers: sodium phosphate 400 mM, pH 7.0, MOPS 400 mM, pH 7.5, HEPES
400 mM pH 8.0, sodium phosphate 400 mM, pH 8.8, with DMT-MM 50 mM. Total
reaction volume was 20 uL. Reactions were incubated 16 hrs at 25 °C. The reaction

mixture was diluted to 50 uL and purified on a spin column (Amersham Biosciences #27-



DNA Cal cul ated mass Found nass vi p046- LeuFnoc

6932, 3642 6932,1 vip046-d yFnoc 6876, 3016 6876, 1
wEx@psse2311. 3 Acetyl ati on of ol igonucl eoti des PEIDEQV05/000714

internal nodified dT (am ne-C6- dT) (position n = 1)

Synt hesi s of peptide-oligonucleotide conjugates

(single letter abbreviation used for amno acid):

YGGFL- Vi p068, GLFYG Vi p068, 7§GGFL- PEG- Vi p068,

GLFYG PEG- Vi p068, = GFL-Vi pOL6 and GFL- PEG Vi pOL16:
SRSy perording i mpnufrssieresprowcel ffl ?\ﬁe%lebb&@tfweﬂ?n by HPLC and

mgg %ﬁgn%g{ehgglglg §ephar ose. The peptl des were

esl ze mthe primary amne on an internal
nDdl fied dT on the oligonucleotides absorbed on DEAE

araq Si *DFF 100). Amino acids were coupled
?é’ﬂﬂﬁgat&f %@?dztion with Fnoc-AA-OSu (AA = Ay,

Flhﬁ:uona'? ned oligbhucledtidePFale putifie® 6y b Hawl&t Petkard Agilent HPLC
N- hydr ox%sucm nimde_ester, Chem npex #02420;

mﬁiﬁ‘ﬁéeﬂ_wl et wmer g)d) ﬁé%w@eewﬁmrﬁn&@ %&@Clwﬂ%\@%em
# f@gmﬁkﬁﬁrﬁa&f&nﬁm}@kﬂ N WEHI'W@ FEXYRN GE LIBLAR Sfpropriate
ester, em npex #02446; Fnoc tyrosi ne
fra¢tiosiweney semhilizeil and diluted toe}0, migheith wpex #11972:
Fnoc- 6- am nohexanoi ¢ acid N hydroxysucci ni m de ester,
Chenl npex #7296; Fnoc- S-am no- 3, 6-di oxaoctanoi ¢ acid
Gbr)eﬂﬂ@lxa)swmirﬂﬂnaﬂrﬁame;&tser synt hesi zed from
Frmoc- 8- am no- 3, 6- dj oxaoct anoi ¢ aci.d _(.Chem npex #7310)
Fwt@w@m%@eﬁﬂnm@oweﬁ W A Eeshias Mé%’rrh P 8yss pepteegty on a
BQﬁkeFHQt%FQﬁ REDLRRh @7 1RSSRt SirhdSnatRX Qﬁﬁ Hég%n@ ion
Hal pi n and Harbury (Pl os Biology 2004, 2, After
refeeipi wpdwf the DNA fromthe sepharose the m xture was
desal i nated on a spin colum (Amersham Bi osciences
#27-5325-01) according to nmanufactures protocol
DNA | ovved by purifalcditedmassby FbiRidGnasYi el ds wer e

ped by H 2006/ 048025 PCT/ DK2005/ 000714
ﬂg) Frgo ! at eoé&??é\r%? YGGFL-g%i&‘p%es 19%
YGGFL PEG Vi p068 32% GLFYG Vi p068 11%

Example 11.2 Acetylation of an oligonucleotide having internal modified dT (amine-C6-

dT) (position n = 1)
Acetylation with Fmoc-AA-OSu

The oligonucleotide Vip046 was acylated with Fmoc-AA-OSu (AA = Gly or Leu) by
treatment of the oligonucleotide (125 pmol) dissolved in a 1:1 mixture of DMF and
sodium phosphate buffer 100 mM, pH 7.4 with 25 mM Fmoc-Gly-OSu (ChemImpex
#02420) or Fmoc-Leu-OSu (ChemImpex #02429) for 2 hrs at 25 °C. The functionalized
oligonucleotide was precipitated by NH4OAc/EtOH according to (Sambrook, J., Fritsch,
E.F. and Maniatis, T. (1989) in “Molecular Cloning: a Laboratory Manual”, Second
Edition, Cold Spring Harbor Laboratory Press, Cold Spring, Harbor, New York). The
pellet was resuspended in water and analysed by MALDI-TOF mass spectrometry.



GLFYG PEG Vi p068 18% GFL-VipA 6 30% GFL-PEG Vi pOl6

36% Exanple 11.4 Acetyl ation of oligonucl eoti des
whawsnggoehit ernal nodi fied dT (am ne-C6- dT) ( pPSI/DKI5/000714

= 1) Synthesis of acceptor oligonucleotide with a

C6- NH2, PEG NH2 and A y-NH2 linker. digonucleotide,

vi pOl6, absorbed on DEAE Sepharose (Signma #DFF100) was

acylated at the prinmary am/le on an internal nodified

dT in vipOLl6 with FnocNH C6- CO2Su

(Fnoc- 6- am nohexanoi ¢ aci d N-hydroxysucci ni m de ester,

Chem npex #7296), FnocNH PEG OSu

( Fnoc- 8- ami no- 3, 6- di oxaoctanoi c acid

Uw,dr oxysucci ni m deal@gdted masssy nFhiedinzas from

Fnoc- 8- am no-3, 6-di o ct anoi c aci em npex #73 10)

VIRPAEDEUERBRIpI i ng wi tﬁ‘a&]&]@ roxysuég?’%fh m de) or
ARe-dRymeBu (Fmoc- Lsghesomse N hygrgxysucci nimi de

ester, ~ Chem npex #02420) fol |l oned by cl eavage of the

Fnoc protecting group according to the procedure of

Hal pi n and Harbury (Pl os Biology 2004, 2, 1-8)

Reactions were performed on 1 nnol DNA. After elution
Eedmpla el Blidefytation bheligamegbatides batigintarne] mroglifiasdT (amine-C6-

%Z(?al t.ed 08 a spin colum (Anmersham Bi osci ences
dhyipogotn =d9) according to manufactures prot ocol

foll owed by purification by HPLC. Yields were

determ ned by HPLC. WD 2006/ 048025 PCT/ DK20Q5/ 000714
Syrghesigof] |pgp;|ld@t@tgowcéqqg1de pmpga@;(@apg,l@ efisr aldugviation used for amino

@nj e gfﬁa]o%g@ﬂ/FY# SSOQ(?@F]F‘I oy keGLlliYé PEG-VipO68,

am no a ds to otldes havi ng
GFht'éipatd amﬁﬁlFE-PEﬁi-qu’@lQ a‘hﬂetbéatm veiTh) Fmo«aABS@Smghcwb@s&nt

at positi The ol i gonucl eoti des, vip046,
d?ﬂr%t%f’fnc\?o%ﬁﬁafo%?nd vi p048, were functionalized by

cross- linking an amno acid (dy, L-Leu, L-Phe,

L- Tyr, Fluka, #50052, #61820, #78020, #938% ) cﬁgr O&ﬁgh
PIVEE AT Fompibe REFpTY:ARE OB AN Hier#iRedidpd d17on the

oliBFuflk&5led IndofociRB DEAE Sepharose (Sigma #DFF100). Amino acids were
coupled by rounds of acylation with Fmoc-AA-OSu (AA = Gly, Leu, Phe, Tyr, C6, PEG)
(Fmoc-L-Glycine N-hydroxysuccinimide ester, ChemImpex #02420; Fmoc-L-leucine N-
hydroxysuccinimide ester, ChemImpex #02429; Fmoc-L-phenylalanine N-
hydroxysuccinimide ester, ChemImpex #02446; Fmoc-L-tyrosine N-hydroxysuccinimide
ester, ChemImpex #11972; Fmoc-6-aminohexanoic acid N-hydroxysuccinimide ester,
ChemImpex #7296; Fmoc-8-amino-3,6-dioxaoctanoic acid hydroxysuccinimide ester,
synthesized from Fmoc-8-amino-3,6-dioxaoctanoic acid (ChemImpex #7310) by EDC
coupling with N-hydroxysuccinimide) followed by Fmoc deprotection according to the
procedure of Halpin and Harbury (Plos Biology 2004, 2, 1-8). After elution of the DNA
from the sepharose the mixture was desalinated on a spin column (Amersham
Biosciences #27-5325-01) according to manufactures protocol followed by purification

by HPLC. Yields were determined by HPLC.



ol i gonucl eoti de, by the honobifunctional |inkers

BSOCOES ((Bi s[2- (succini m dooxycarbonyl oxy)
werdogl}ses f one), Pierce cat# 21600) and DSS  PCT/DK2005/000714

(Di succi ni mdyl suberate, Pierce #21655) by treatnent

of the oligonucleotide (0.5 nnol) and the am no acid

(15 M) in a 1:1 mxture of DM and 400nmM pH 8. 4

sodi um phosphate buffer w t/B the |inker (10 m\.

Total volunme of the reactions was 20 L. The reactions
DiAe incubated 4lsolptestyigdd C. The reaction mixture was

j 50 L purified on a spin colum
\%Etgﬁg(ﬁﬁ%& osci Zér}%’es #27-5325-01) according to
YROBR 263V a06pr otmsol fol | owed by purification by
HPLC. Yi el ds vveribo?eterm ned by HPLC Ildentity was

P by MALDP- TOF mass spectrometry. DNA

dsor@iped-vigd Caggul at ed mass Found nass
vi p046- BS S-3y 32% 6878, 2325 6879, 3

GHIp 81 BSOCOES- LaWe48% 6934, 2951 6936, 1

dﬁﬁgg@;g@%& Phe,,49% 6968, 2795 6969, 0

Vi p S- Tyr '51% 6984, 2744 6955, 5 WD 2006/ 048025
PCT/ DK2005/ 000714 80 Exanple 12 Stability of

acyl ation reaction in reaction center at different
tenperatures In this exanple it is denonstrated how

EXaiane T ey AQkiy0tien dRbRg aclestides Ratifg Bhdredmedlifdd dT (amine-C6-

el evated tenperatures in a trinmer star structure.
dRe@asitien ard)shown in Fig. 20. digos vip006, vipO 18,

and vi pO 17-Leu (DNA Technol ogy Arhus, Denmark, vipO

17 derivatized as described in exanple 11 as 20 nM_
Sgitthesks cfakerptan nbigeverckotiixwith i € 6NHE REG-3GIariddply-NH2 linker.

containing a final conposition of

nor phol i nopr opanesul fonic acid (MOPS, 100 nM pH 7.0)
O@i@dnd‘dl@e@tidé, LMO.I6,S®&MB%%G@D‘E%?£@EM§§£QS@M ;@zaéw 00) was acylated

anneal i ng program machi ne: mn. S
aghTprimery eI @tzng%al gt RS é%%‘é%@ ﬁ‘%aéoééég

) . scERRUS BsteSh R x Ghes8)cal

(ﬁ%@%@%h?’%q‘wﬁ%%ﬁlhﬁ%% U Do ac T aor T E1 Al

FoonbBrREGHSer(Fotoc 3-amino-difddionangtsacie @ciﬂdwgmwaméaide ester,
A PRI Y R A G BpRa ort b
coupling with N-hydroxysuccinimide) or Fmoc-Gly-OSu (Fmoc-L-Glycine N-
hydroxysuccinimide ester, ChemImpex #02420) followed by cleavage of the Fmoc
protecting group according to the procedure of Halpin and Harbury (Plos Biology 2004,
2, 1-8) Reactions were performed on 1 nmol DNA. After elution of the DNA from the
sepharose the mixture was desalted on a spin column (Amersham Biosciences #27-5325-
01) according to manufactures protocol followed by purification by HPLC. Yields were
determined by HPLC.



by SYBR Green stain (fixation of gel in 50%EtOH for 5
mn, wash in water bath 5 mn, then incubated for 10
WOor2ev6/0#80290. 000 fol d diluted DMSO stock of SYBRPGI/BER00KS/000714
IXTBE buffer). For reactions run at 25C, an
i ndet ect abl e anpbunt of product was observed after the
first 2h (reactions 1-5). In the 4h reaction
(reaction 6), a small anmounf9was observed.
%Hgnlflcant anounts_were observed after an over night
ubation with hi ghekted vieldnsity observed where nore
HQNHM@ﬁQ{(M@S added. For ggactions run at 70C, the
first trgke of product was observed after 5 mn
H?@é&ivmﬁl@) I ncresi ng 3@6unts were observed up to
B9 t hen decreasi ng unts for over night
Feac ons The desired crd¢ss-1inked product of
vi pOL7-Leu and vi pO 18 was clearly formed at both 25C
and 70C, thus denonstrating that star structures are
able to nedi ate reactions run WO 2006/ 048025
/e : : . ~..Jhe ..
o SapiHbh br o icR YRR ARE AL el Woaitia
dTHéﬁwé?%Qd?bswiﬁKEHDE&OIESSaexpEmmne#t However, this
woul d be expected as the initial activation of the
am no acid carboxylic acid by DMIMM i s control ed by
The mlgamuoleetldlésampm kfi;ﬁ)ﬂ@,ﬂ&p(ﬁﬂbﬁd v1p'0@8 voliré B@idtioizRYby cross-

bilit acylation reaction in
il ap FORAAST Gy ch-Labri-Bhe R TRk DR S SEkERF iS00
#9382 90 @¥OULH tBé 8l6h-RAW e BroPinlPy ﬁﬁin@ oﬁ%H nlﬂgrn%lrr@&gﬁ?cf 5@ grbthe

in a trimer star strucure i'n a Span O

01lg@nqcﬁwlﬁﬂﬂbYﬁhﬁéoé@efpﬂ%wndmmS@WE&Q(BMZ-part ially
(RS arob S BRAIIBA Melct B3 A6 AP aRR DS ot o

(Dpucmmumd:yl sybegatt, |R1<art:¢ | 665) iyhecanntmof arelodgsmrctb@ﬁaé {0C5 nmol)

et B T et Bt BT il Seio B oo DhmBE e
phcﬁs@hzﬁabuﬁ‘& Vikh !hB qemrd&sm ga%ﬁﬁvmlﬂg of ﬂﬁ%?é&chéns%a% ﬁh%he
, 0O0s, and vi p017-Tyr

in Fig. 21. 0S Vi
reagidQry ﬁYﬂr%WuW‘?ﬂfgms BE -he Wap@;m?mlmle |W<ﬂatillztedl tcaﬁ) ML and
I 9 ol ut.i o g vere
S S iy B P
mapwiaefreanp(@aR] felohied &y pbrificatio@ HPLBYideécw@ determined by

HPLC. Identity was determined by MALDI-TOF mass spectrometry.

U

DNA ‘ Isolated yield Calculated mass Found mass
vip046-BSOCOES-Gly 32% 6878,2325 6879,3
vip046-BSOCOES-Leu 48% 6934,2951 6936,1
vip046-BSOCOES-Phe 49% 6968,2795 6969,0

vip046-BSOCOES-Tyr 51% 6984,2744 6985,5



80C, 30 sec @65C, 30 sec @50C, 30 sec @35C, 30 sec
@ 20C, 30 sec @10C). This annealing m xture was
waldoenesd2i nt o buffer solutions to a final conpPGI/DKRWWS/000714

of  nor phol i nopropanesul fonic acid (MOPS, 100 mM pH
5.2, 5.5, 6.0, 6.5, 7.0, 7.5, or 8.0), Nad (1M and
chem cal activator (DMIMM Fl uka #74104, 1,0M aq. sol,
final concentration of 75 M) and incubated for |h at
50C Fi nal DNA concentration was 0.5 nM Reaction

s were anal yzed by denaturing PAGE (10% gel),

4 bat ed 10. 000 di | ut
SRS it Gsoman S FOh riees SCEBEKFPERNAE i .
Al'l seven | anes covering pH between 5. 2 and 8.0 showed
a strong band for the cross- linked olig
Irvhwmmgl@ pag genonstrated he wttrangfenofnng aanwcwl wdw gffgcted at
el@{;ﬂt&f‘teﬁl erRELsH § trin &qu{lgﬂl%oﬁésqu{e 80’7014 82

otonat| on of acceptor am ne or sis of
reactive int er rredl ates is not a signifi cant probl em

BT el o8rPRE EpERPPL - LTS i resy P Gitkpiel 017

dérsmeiea adHeRfiganinGexa@pMantas 20 M QRR 6168818 wdi€mixed in buffer
0itabl lity. of DNA star structures, the transfer of one

S ORE L N2 oMLl marRelingpsopaRcanlmi g5 EMAPENI 00
m®, G2 .6) a?x@Wa@rl‘(lM'; Mutfoﬁ@ SRR sbﬂ%ct@@{bddntdnﬁ%lnuﬁf&égaﬁl pCR

organi ¢ chem cal Synthesi s. ase pairing a
ma¢hings © umie @44°Q é@tsa:«o@e&p°@na@sect@é§éc 3Ocad@ F&Es 30 s @ 35°C,

d 0 be..f or me

G820 G TR R L ISR b e P s By
Flwk4 Tﬁme%_auoqnm\o aqrissl; lﬁhal! doh@len‘ﬁihﬁhdjh st Iﬁ]\él) and ir@&l_ﬁb&d(ﬁjcﬁfgr indicated
.a [ in organi c synthesis. igos vip :
tﬂ%}?%@é%e Oéhé(;(%i pOL7- Phe (DNA Technol ogy Arhus, Denmark,

vi pOL7 derivatized as described in exanple 11) as 20

M stock solutions were mxed in a buffer of MOPS (200
Repetioppigurss were gralyagonudenaanids NOCH) RAAGE amd baods #fmezvm)alized

Lec 1.0 d (P machi
LB RNB A0 oD ) oW SRR M gty LR Bs o
th&Dinseleate@ 856 1) m3DinsldD0@RIddiludd DMEO @ctRGF SYBRI Green in 1XTBE
b@%fnﬁal ing mxture was diluted into m xtures of
ent and water to a final conposition of
nor phol i nopr opanesul fonic acid (MOPS, 100 nM pH 6.5),

NaCl (1M, solvent (0, 10,
For reactions run at 25°C, an indetectable amount of product was observed after the first

2h (reactions 1-5). In the 4h reaction (reaction 6), a small amount was observed.
Significant amounts were observed after an over night incubation with highest intensity

observed where more activator was added.

For reactions run at 70°C, the first trace of product was observed after 5 min (reaction 2).
Incresing amounts were observed up to 240 min, then decreasing amounts for over night

reactions.

The desired cross-linked product of vip017-Leu and vip018 was clearly formed at both

25°C and 70°C, thus demonstrating that star structures are able to mediate reactions run



20, 30, or 35vol %, and chem cal activator (DMIMV
Fl uka #74104, 1,0M aq. sol, final concentration of 75

W 1005/04883 ch was i ncubated at 50C for | h. Fi naPCDBIK2005/000714
concentration was 0.5 M Reaction m xtures were
anal yzed by denaturing PAGE (10% gel), which was
stained with SYBR green (Mol ecul ar Probes, #S7563)
according to manufactures i&structions. The results

are shown in fig. 22 For dioxan, cross |inked product
al,flevated teraperaiutes. L tets odoortien Welperly drffarens abihn evo teanperatures

ubin g-Lé J{p%?ﬁlteht‘? pi%w@ t @&t ﬁ&@)%o%@t'e& bd g 1r9f1al acttvatlon of the

tetr uran sim ar amount s roduct
alﬁlbtomehﬂ catthoorsli¢ ad bEtDM@Mf‘/hatCOtlﬁrdecpb}sB‘ﬁ&tﬂ@le@ﬁlaﬁtolhﬂaﬁtonly,
to 35@'2{ he organic solvent was well tolerated
4 e\“%}ari ng was intact. WD 2006/ 048025

PCT/ DK2005/ 000714 83 Exanple 15 Stability of
reaction center at different |evels of DVF To

Ede&gnﬁgrate the stability of DNA star structures, the
r of one amno acid was <carried out in a H20 -

i used in
SEMoP ebefion MR G HG) BhFRP BRSBTS L00 st ar
structure was destroyed under these conditions, no
oss |inked .product,can be forne os .vi p016,
Iny NEGEEPISAS drmensiateshoy prgeriae ﬁﬂglce‘gq? %?TH‘E%T@ d A AR star

sticRRYK a pUESpaY at 528618 @SA{J%WH hﬁéiadcepts%ﬁm% %%%Sbe?;rtlally

M stock solutions were m xed in a buf
Pigignatsdy thusinagtivgling #6998 pqtpntaglepptdhe( AMngFrruﬂh rwzmsae)

reSs BoRSa h A BA R M PIGRERRATE R REREEC:. ©
hBBolyex, s E@,ctigﬂirgétar@@%yilﬁd)ths eh:ar@él&t@)watdithSth [1)11'\73 hamper

| ures o
CBRBRRLTR B b e L

nDrphoI|nopropanesulfon|c acid (MOPS, 12.5 mM pH
10, 20, 30, 40, 50, 60,

6.5), Nad .
OBgOS)?eR/Hﬁ%lB&% and, g0 b?rarfﬁ( O A TeehnplassrArhmyiDomnars, vipl7
, f 75. ‘N
B3R 2o Sqhl TR EARE GO B s Qg o
N@@rﬂﬂéﬁubjattﬁd)tm ancsnaliBg progRen (RCR manhixt:Ur @i @eHEC, 30 sec @

SR Qbic.STBR o o0 e B d b Calig 10000

Ttae amredm@mtmmu Hﬂﬁﬁe@ (RS b f 56 MEbAD 9 finhDEfifsitoh BF
matphooprepahesulfoic adid (MOPS, 100 mM, pH 5.2, 5.5, 6.0, 6.5, 7.0, 7.5, or 8.0)
NaCl (1M) and chemical activator (DMTMM, Fluka #74104, 1,0M aq. sol, final
concentration of 75 mM) and incubated for 1h at 50°C. Final DNA concentration was 0.5
mM. Reaction mixtures were analyzed by denaturing PAGE (10% gel), which was
incubated with SYBR green (10.000 dilution in TBE-EtOH (96%) 1:1 from DMSO

stock) for 10 min.

All seven lanes covering pH between 5.2 and 8.0 showed a strong band for the cross-

linked oligos vip016-vip017-Tyr indicating a broad pH window in which to operate.



The product band produced in the first five |lanes were
of simlar intensity, thus indicating that the
wpe@sossoes of at | east up to 40% of the organi CPGDDKewws/000714
DMF, was well tolerated and DNA base paring was
intact. At 50% DMF, a weak band was still observed,
but from 60% and above no cross |inked product was
detected. Exanple 16 Differddt activators for
medi ati ng chem cal reaction. WO 2006/ 048025
TinsTPkeneder ofrgvepior agunerer by deolsvipolacansive sgermgdiates is not a

si hy?ﬁ‘&gpgbfenh é/ﬁglag?@s&ggi%ﬁsal activators and

uxi eophl can be used to nediate the
acyl ation of an acceptor amne with an amno acid. It
I's known from peptide chem stry that addition of an

E%‘xﬂléiﬁy nucl ephile can greatly enhance the rate of

on and/ or change the final outcone of the

Stﬁ@iﬁ%t a,f%ylahahlesaioa 1&%‘&6@ o cf'i'l?e"fl% HABSIET&s 5#&3@@& ng%?

axi I'i ary” nucl eophi | roxysucci ni m de
Fl uka #56480) N- hydr oxysul fosucci ni m de sodi um sal t

Téﬁ%'ﬁggﬁtrat': l ‘ctlab'gix 56g%§ﬁ1 3“—‘%@%/ ﬁxggrgg%}%t? oln%%)alm% acid was

ca(iﬁldukm ity mbﬂdr): otﬁ Hzﬁaﬁd e oﬁganﬂasukfant#ﬁha&fbgémlﬂ condltlons used
. acti vathg | p016, , and vi pOl‘?
N-PLARIG WWWH?SIS h?ﬁsrﬂ%mn& aﬁ@bsllar §tTuchiEs W%@qszemeda@der these

con@Biohd, *ﬁ@@ldsﬂhﬂ&ﬁ'ﬂ%cﬁlcﬂ% lﬁ%’o&@edn%ec‘%q’&lﬁtsstﬂ%ﬁ'h' %%ﬁa%[e and

m xed in a buff pH 6.5
tefrghyylrofiggn W@Lm}f@@qnewth vegand tanrissabilitygvifir waterand geRGR

30 sec @80C, 30 sec @65C, 30
apgﬂ%g]g&ég%E‘ﬁ@%} 35C, 30 sec @20C, 30 sec @ 10C).
Thi s anneal I ng mxture was diluted with water and
Iut| rrp03|t|on of

t fLnal
Olig ™ dB@ogp eoC(Di\g} Ldl“n %&&g tHyse) ﬁq\marlg}_ylpOU
deﬁv&)zed w@scﬁﬂéﬂbm e?di%rbl’a I @y 34 ﬂ@LﬂN/I SRR kélﬁtl&fs'v&é@é m%ﬁ% a Puffer

chem cal acti vator

Ofgi\é?bp S \(QQ%HM@ Bﬁééaﬂld‘tal#éﬂ%?f) arxésNﬁM (’M%lﬁiﬂdia #7IDB\IZ\6) andqsubjected
to§f Qﬁ&@hfé%Sﬂo%@a ROmBefid: 5 %ﬁﬂ@ ogas 3\‘)‘%&6@ débgt*b% &4 $%%5ec,

on m xtures re danal
30cken @ 500 §0 RAGE 3010%0get J@) 204@, 6D svwe@ ]IOﬁC)J Hﬁﬂsﬁaﬂmeahntg ixture
r.een 0Q0 .di | ution |nTE-EtC]—| 6%. 1.1 from
Waéﬁ@g‘ gig l?j"(“i%eis gé"”‘?ﬂt nd Raef; i) 8013%*51&?“&5 Fig. 24.
mdiphdlinopRpadesdifansd fgd @W@W B® rﬁM bHad. 9 Naoo(18h)f {RvRNRE 10,
s observed by using additi|
20, 30, or 35vol%), and Chemical activator (DMTMM Fluka #74104, 1,0M agq. sol, final
concentration of 75 mM), which was incubated at 50°C for 1h. Final DNA concentration
was 0.5 pM. Reaction mixtures were analyzed by denaturing PAGE (10% gel), which
was stained with SYBR green (Molecular Probes, #S7563) according to manufactures

instructions. The results are shown in fig, 22

For dioxan, cross linked product was formed with up to 20% solvent. On the other hand,
for all reactions containing acetonitrile or tetrahydrofuran similar amounts of product was
formed, thus indicating that the presence of at least up to 35% of the organic solvent was

well tolerated and DNA base paring was intact,



or none. Modst clearly was observed for EDC only, in
whi ch case no, or only faintly, product was observed.
woonenes025 addi ti on of either auxiliary nucl eophtT/BK@3©00714
a conparabl e amount of cross |inked product again.
This denonstrates that auxiliary nucleophile us
needed when using EDC as activator and otherwise it is
well tolerated in the react3®n mixture. WO
2006/ 048025 PCT/ DK2005/ 000714 85 Exanple 17 Transfer
of amno acid to other acceptors This exanple
denonstrates how an am no acid can effectively be
Exhaprfgrred to a number of acceptor amine |inked in
various ways. Vip0l6 carrying a C6-NH2 served as

Seability of reastionehrr &t diffkatle@iCeEIMFS were tri peptide
GFL-vi p016, PEG |inked tripeptide G-L- PEG vi pOl6,
am no functionalized NH2-PEG vi p016, am no

T&)ta@ﬁltohafaeé 1he 8@ b N2 AN X 2R 3Bucturl) dhegtll P %f bifk dnikb R Gras

(all prepared as described in exampl e XX) a1 gos
cqirigd out ik a0 —NIB odxturen thuy resernblirg gondiigs Tked moilgagy

T T
cmd‘itﬂcms, wf criviSRiRke@ pfddnddcapbt orlnpd.and NaCl (2M, and

subjected to an annealing program (PCR machine: 5 mn
@94C, 30 sec @80C, 30 sec @65C, 30 sec @ 50C, 30

O8ig6s @)3&9\71&)@8 28 vid0d O Phe @Nﬁ%c@é‘l@@ Arh-ﬁg' Eetﬁ‘ﬁh‘i‘l‘? alido19

m xture was |Iute with “water and solution
depivatiges gsrdeperibgd in erampdohip 68 2@ 1ivhstedk solutlons were mlxed in a buffer

OWWW 0;%?@.%5 F'lla&é) E(’ig%z);%ng N i () : lju?%ﬁmvp? |@Pd Is(ubj ected

toyatiab@daling prc@/hmcﬁPCRohachmerﬁaimm@&c@@t B@tdcam 36fC, 3D sedvim 65°C,

T35 SERSTASER bR B RS FRISMELS i

wasailyteethtdmidenabDMIanBAGRr ¢d § Phaebompo¥hibe bf Was
i ncubated w th SYBR een (10.000 di I ution in
mpRoRReRIPpgEH OB RoR, GHO TS Senble ¥ 6Dy NGl (19mM), DMF (0,
uk a A a
1@?’?0 309006 eprich ovbid D), i ghéhloaBlctivi AT FRACARY
#ig0d, 1,0y saddfittad cwrwnnmlog JiF:\S frlM)s MMMasmmhatedi ot@ night at

ause ar ge t tetra
2% %{na {1 ans?oncen%fan%e &py &%ﬁ'$?8tl H%ura?ggrﬁ apf?]l);{ggéld)y
dmaﬁxrﬁqglmﬂﬁ (195 gdly, Wi was stained with SYBR green (Molecular Probes,

#S7563) according to manufactures instructions. The results are shown in fig. 23

The product band produced in the first five lanes were of similar intensity, thus indicating
that the presence of at least up to 40% of the organic solvent, DMF, was well tolerated
and DNA base paring was intact. At 50% DMF, a weak band was still observed, but from

60% and above no cross linked product was detected.

Example 16

Different activators for mediating chemical reaction.



linker, PEG linker itself, C6 linker, or glycine
directly gives consistent results. This denonstrates
WO 296s¥802e5s i n the reactor forned by star struPCT/DES005/000714
I ncreasing size of acceptor has little or no effect
of the outcone of the crosslinking. WD 2006/ 048025
PCT/ DK2005/ 000714 86 Exanple 18 Assenbly and
subsequent binding of two St8uctural DNA displ ay
products. Two Structural DNA display products were
fornmed: Leu-enkephalin (Tyr-dy-Qy-Phe- Leu- DNA) and

Tﬁ_ﬁgﬁf(ﬁ{ﬂ%Qeﬂv%%o‘?%?r@!%@o'wnva%gxé’ ctlefitcadT BGivEEs AV

atter was included as a negative contro Y the
n‘p}éﬁb@ihtlémnl’mg useslfaynedsitaige eérdaticanten Iae:mba)h armlrs:p;am in amino

| t b 3E7
SRR SR bRRY et/ Bl shem P raS R
aieaitl ¢ brdaack thy ratNgf a‘E?EﬁmDhmﬁM ohAedelibis findDa Bk bf 8RGeaction. In

functionalized as described jn Exanple 11. First step
thsy Wﬂ‘@? FHUOES WETBR bEe B Aty rﬁ’g‘CIS?PflﬂﬁeN fyogypugginimide

Leuq%;ﬁ$1uuam55m m@&@%%ulﬁ)ﬁﬁﬁﬂnﬁﬁé s&ﬁﬁrﬁtshl@F’SSNH@ FREM

kephal i n d scranble Leu-E
#5648 é)@ eF Nvlgidpoxybenzp@@mlp bpdrate(Rg) Fluka #54804) were used with

2 and 88
ORI TR SRR G .
respecti veI y) and in reaction
Ph; L B 269 _and 0S8
ofer¥ign ol sad b0 8 e @%Afcs r@%xyg‘iavs BePHetur 901
ddrﬁ@ﬁ@@tals viedoYibed fﬁ"?ﬁaﬁiEfeQQ) & 2(919§/Pstb(§k JolRioh& A6l RREd M d buffer
hybri dize to each formng a three-way

of IRESi (490 mivh é’He5 ﬁ)r?éldé‘{atcaé%MM aaﬁﬁminecttai:tp da aam@lh@pwgwl

t & t t
o SR AR o ST B N S PR S
35°0n30 bevr@i29°6; 30{B|e§/ @ ti)"m) ﬁfhlsiam'ealﬁﬁg hixairt was dihhed with water

an%lr%ﬁlggﬁ%?ft agiggﬁe%n t Ig}ﬁm&%osed t{gg\(rﬂ) %@{\Wuncrt)a{ngls’]ulfo%%oamd

(MOPS, m@blmppn Be5) Q940110 Cauditiagl ndcMoPie @nw&%nﬁﬁ%%% and
pH. 6.5 and M NaCl in a total vol une 370 | The

chamﬁv@éﬁthgtor @MTWar.E&%Q 5M 8a ek fiapkasacamratioreediEtmbh. Final

DNl cohtfralbiDWheES 5 ahv %ﬁcu&%ﬂf’&@ g‘%ﬁﬁ’eltécﬂ%r 1Ra f.#]da gm

tenperature over approxi mate
act | vat or DMT MM ( Fl uka #74104) was di ssol ved in
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min. Results are shown on Fig. 24.

Reactions 1-4 using DMTMM as activator, no difference was observed by using additive
or none. Most clearly was observed for EDC only, in which case no, or only faintly,
product was observed. However, addition of either auxiliary nucleophile gave a
comparable amount of cross linked product again. This demonstrates that auxiliary
nucleophile us needed when using EDC as activator and otherwise it is well tolerated in

the reaction mixture,



Then, the product was ethanol precipitated by adding

2.5 volunes ethanol and 1 | GenElute (Sigma 56575) to
we@2wh/0#82xt i on, and centrifugi ng the tubes 30 PCTDKe®5/000714

20000 x WD 2006/ 048025 PCT/ DK2005/ 000714 87 g at 4C.

The pellets were washed with 70 % et hanol, before they

were air-dried, and re- suspended in water. Then, the

sanpl es were subjected to pr¥parative non-native

polyacrylanlde gel electrophoresis (PAGE); 10 %

1da gel (Invitrogen) according to manufactures

i NS ti.ons and corresponding to the

Trang 50 QWR%GCIB}%%}S”(&C%O%M out and the product

extracted by the "crush and soak"” nethod (Sanbrook,

., Fritsch, EF, and Maniatis, T. (1989
Tmeé@n}?laﬂe@@ﬁ&@@ how ap aBwRcaced ganmmta‘rely wr@sgmedmcgsnumber

S YT L —
b‘EfDWaﬁdier mcepuopzl wm theasdej@Ebmﬂde Iﬂiﬁa\h&ked'l'thpeptlde GFL-PEG-

BREF ahid BB Rl ool RBRE RO ermaind wamiog ML cengplie

almngwﬂ@m@aw% a1 freparedisd Redritde iKenapts XXP units
Pol ynucl eot i de Klﬁggg (NEB MD201) were |§2Iude in a

total of 200 gl reaction volune. The reactions were

Olip&ARAG 18- N197, V%Ogl Jhd%p(ﬁ%l%@m T &ﬂﬁol%%?Arhus Denmark,

cross- i nked oli'goes were tra
vipBht detiyeiizsd Bhdesstiberthio esgmple X‘)NﬁasIZIOgnMsxoc‘Mwmhoﬁmm dnﬂed in

o PSRRI R0 Sy 87 B BECL PR B RRE i b
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3%@&8@%&"@@@ 3Y Fe%ﬁgzl e \Whis appRabiag mixtyrerigasaliluted with

hienad soRAGH bPALN ot B ﬁxf. 1%&9
wI ol ast futtoa vt tsl\)&g rioa a Sétho-ﬁrkffﬁrédl @g@bgﬁé{%%lfomc acid

W@Wnkléﬁ a@l(ilM)mﬂ@hem®al(a@ymtoﬂé)MTMMﬂﬂblka]#74104
| Uka# ,29338) (pH 1
LERERIo SSHCn il ob i) PPt it 0

Raddmvgérvimgbmmﬁk lhmnm%@tratl ons of 100 and 60 nM

respectively, in a final reaction volunme of 600 I|.
The reactions were incubated for 2 hours at 37C. The

RERASH MOASYRER ahﬁ‘l%’ed‘tf?}ﬁeh@duhﬁ@ daly @@‘%‘ 9) %HQP lwal iddubated
MOPS buffer,
with S¥BBi greand 0. 9% éilutiongn H@Eclﬁt@&f%%ﬂ dr 1dfrpmd1MSOrsmck) for 10

min. Results are shown in Fig. 25.

All six reactions show a strong band from cross linked product. Lane 4 and 5 were
observed to run marginally slower compared to others because of larger peptide
(tetrapeptide). Thus, transfer of one glycine to amino group linked via tripeptide +/- PEG
linker, PEG linker itself, C6 linker, or glycine directly gives consistent results. This
demonstrates robustness in the reactor formed by star structures. Increasing size of

acceptor has little or no effect of the outcome of the crosslinking.



After air drying of the pellets, the DNA was ready for
the next step, which was introduction of

w0 eovenasor®l i zed ol i gonucl eoti des on the positiPCI/BK2005/000714
Note that by the elimnation of the BSOCCES |i nker
two primary amnes are forned: one is at the WO
2006/ 048025 PCT/ DK2005/ 000714 88 term nus of the
grow ng peptide chain on the6original position 1

ol i gonucl eotide and the other is |ocated on the
_éﬁné£d§l p03|t|on 2 ollgonucleotlde The so call ed
[ stra 0 0 subsequent
%@5@5 wg%l&f Ltf%ﬁn%%sawﬁa 1&9&{[)3%\ diselan PEACSy he

i ncom ng am no acid on p05|t|on 3 in the next step:
the oligoes on position 2 contain_upstream of the
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lrahlded')méenegaaw ehtnl fo thelpartjiiogingiassay s itlgoleu-enkephalin specific

t m ne on the ori al
BTG oot o KRR SRR ST pBCerd fretiliRleadn Mies 26 o
centre of structure by a stretch of dsDNA which wll
decrease its reactivity wwth noieties in the centre of

DiNdeoligogpcleptidges W@feep%@@aq@sté/ DANshnalogi (@iaghusDempmask) and
- 263 d R2 duct
qu@t?orﬁPE%gﬁ{sqésérﬁea_ bl W vip an pr oduct was

anneal e o dy- BS - VI p270 under the follomnng
condi ti ons: 200 anIes oligo in 100 nmM MOPS, pH
m xt ure

Filsiclshar i odhet BB v B ng Ty WPasvﬁlate

rebﬁi’l‘me FaICtiors t6 Y& BeupEiikephalinf DEARMAXtIFRbE] lyeu3l@rﬂ<féblibuﬁ185
the act.ivator - WM #74104) was adde

reapq»rlﬁ%{y lpsercknR | éBﬂbFﬁlsaPh%gu-RW i1 p%hsﬁp{;@%@p%” and
v1§bmp%§hoﬁ eaLhAONinRe-Wa e @NA‘&af‘ghﬂ&uI@Cﬂe%%Stl;m@ an8 & reaction

hem cal reaction was incubated for
2 ﬁkﬂé ShmpyeBheREG-vip238i béu-BS@AObp- \eplf&rmti v8$ (position 1, 2 and

s LS SRS SRAEEC bR P RE B e o BORR B ipi e
hybinielize e sschl dtims atlupfoadingta tld\@s\xa)qulfcﬁdn fwigene theattgled amino

aclgsce?g?] qc%tgg H‘gt%gr){%?tgeltcl}fggﬁepgmg{y%g% \ﬁer s, a%%;,\]?f{tg\ge ell cr:]}}emlcal
ﬁﬁa@t’idfﬁﬂtyaat@mptlﬂfO@Bﬁ?ﬁ&ﬁBn ncmﬁp@% wg&mlzens A oMRRSE 8goes
" end he original vip23 nd of vip263

tOffglfm te C:lmﬁd thiee-vax vapiéeed 3' end of the origi nal
vi p269 and 5' end of vip270 for R2, respectively.
Furthernmore terminal PCR primng sites were introduced
200rprhdies sfamaeh olkgct eromikgd in160 mM morpholinopropanesulfonic acid

(MOPS, Fluka #69947) pH 6.5 and 1 M NaCl in a total volume of 370 pl. The annealing
of the oligoes was performed by incubation for five minutes at 95°C, before cooling to
room temperature over approximately 30 minutes. The activator DMT-MM (Fluka
#74104) was dissolved in water and added to a final concentration of 75 mM. The final
reaction volume was 400 pl. The chemical reaction was incubated for 1 hour at 50°C.
Then, the product was ethanol precipitated by adding 2.5 volumes ethanol and 1 pl
GenElute (Sigma 56575) to each reaction, and centrifuging the tubes 30 minutes, 20000 x



DNA | i gase. The DNA ol i goes having the PCR primng
sites vi p029/vi pOrO and vi p029/vi pAB0 for RL and R2,
w0 e®peetoevel y, were pre-anneal ed under the fol POMDKEQV05/000714
condi tions: 200 pnoles of each oligo in 1 x Ligase
buffer and 50 MM NaCl in total volunme of 40 .tl and
i ncubated in a PCR machine for 5 mnutes at 95C and
for 30 seconds steps at theé7 ol |l owi ng tenperatures:
SOG _ 65C, 50C, 45C, 30C, 20C WO 2006/ 048025
2ptA Corkbepdetousre avaskl wile 0 Vi g, befosmhen vert aisdried, and re-
mﬁpggggngggw{our most 5' term nal nucl eotides of vip070
protrudi ng. These four are reverse conpl enent ary
to the four nost 5 termnal nucleotides in vip231
h als are ot in en vip2 anneal ed to
T, 5.5 R e bfiela ® Pastahionfionse blud am dresba
el&ﬂﬁbpﬁ@ﬂ’eﬁﬂs & AGB%102% THRirea @N‘hvitkg@ ccorﬁiﬂé&%ﬁtﬁufa%ﬁe@
p030 is annealed to vip 9 the four nost 5 term na

ins{atiant e Sae Corxﬁsmgép dhegrerlingphprodrui s cpiguit and the
prad&dt @Rk A&SBHPhE “6&&%@%&1@%&&%{&@%&@1 tl-l‘:}’?tsého BF, and

nucl eot i des “nost In vip23
Manigtis, dd (1 Ohine Maléquia Elérgng I?f‘nbdiowmb@/lanuab EZ)(IH Sprivgs Harbor

LRI PS8 i S R A R R Sl BT BR e
Ty @nmies efédledthﬁiﬁkpﬁdct;ﬁlﬁted an H@bﬁbd&b@b@\ Tok| |pg& tates were
029/V|p030 for R1

1?%’5‘656? & 1§ase$H&e wikngland Biglabsd, SQIF%NaCI Then, the 5’ ends
%%MBWI&%@S& mﬁlﬁgcle&ide%ﬁ’é%by%éé%hﬁ.ﬁd&tﬁ@%n&%‘gﬁm

in a final "vol unme of e reaction
Mé)ﬁ@ B\me ingluda e total of 00 30 reartinn ‘eﬂurm T37 Gaclibmsrwert heubated
oPMA\Rs: P¥ca T4 DNA ligase transformed into a
conti nuous DNA strand consisting of
Vi p029-vi p231-vi p262- vi p263- vi pO070 and

23 69- 270- 30 RI d
TR RERYY HORS Nk e v B2 FAnsEN et e eGopREB O B irand by a

DN AXigabd, §aseh fotthéed ph&@h&%@tﬁ@boﬁ@ﬁ&w@%ﬁg Jﬁﬂaﬂogced 1? end of
reactions giving a final reaction volume of 300 1.
vighd qnﬂéatsmgﬂf ‘flégcézt fopR$ angbthe juxtangset Eendof 1238 and 5’ end of

t gﬁﬁ@§: 'qmg limnated.a
VIngcr [ %2 {4 gg\(re}hgagr%g\@?n”p es ‘!V‘J? e p%%}é\?%ﬁ 1?15?8&5’ ugtt?r’ % M
Natlhamiod uramdil esupimseg aeatlided; ghtityg £ fhaddedcdoprepme af BO®ul. The
. non- nat i nol, preci pitated agai n and
1‘%88%‘3?\/8‘8 %ZCOVP'F“%\IE E?é s described above. The
assenbl ed products were now ready for prinmer
ext ensj on, Throughout the above described procedure,

Thepeihf cleaybleddSQEPESlisken s oligrnagesh Py(Syelohgkylamino)-1-
propanesulfonic acid (CAPS, Fluka# 29338) (pH 11.8) buffer and 2-mercaptoethanol
(Fluka# 63689) were added giving final concentrations of 100 and 60 mM, respectively,
in a final reaction volume of 600 pl. The reactions were incubated for 2 hours at 37°C.
The reactions were then neutralized by adding 200 pl 1 M MOPS buffer, pH 6.5.

Then, the DNA was ethanol precipitated according to the standard procedure.

After air drying of the pellets, the DNA was ready for the next step, which was
introduction of functionalized oligonucleotides on the position 3. Note that by the

elimination of the BSOCOES linker two primary amines are formed: one is at the



none- nati ve PACGE as descri bed above. The gel picture
is shown in Figure 27. Lane 1 and 2 show the
waeoweeswtul formed cross-1inked functional i sedPCI/DEO@S/000714
vi p-231 (35 nt)/vip262 (68 nt) and cross-1inked
Vi p-238 (35 nt)/vip-269 (6S nt) for Rl and R2,
respectively. The cross-linked products mgrate with
an apparent size of approxid@tely 200 bp. The observed
di fference between actually size and apparent size is
temeyinug wé sheereveing derideshaihen tha eriging] peviderdhelecanelaetiderand the

ol Gl Siohigs BB hT095" Bl LB St gine
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d4DNSiighglaut mgrate S|gn|f|cantly differently in the
gel . ThIS i s not unexpected because the species in
lane 1 and 2 essentially are branched DNA nol ecul es,

R\iglgi&ﬁr#gf\g% néafié‘t?ﬂoﬁlzrr B3 @HES- %H@ cf‘ﬁ@ Prdoaiﬁét%as ahHé”a"I’Jd to Gly-

ules. La and 6 s
BSD&EES-VinW(h@be the Iﬁ@lqmsg wrmlmd&so’l(]OgmﬁdeSfabugo,Rm 190 dﬂ\FRMOPS

PE0T Ve oy REl 3250 4 Fhs it e P ae BRepd simnfs
ofiaesfere coblifg a)rrpameﬂhpé&mﬁ dver 4 P&iddalf approLin@sdy BO fiades.
species .is around 6 s _not unexpecte

THE Shigetivater LRHOVRE Qe 4 Orvasy Qe T Re L e oDRETS
mR! BEMbRD tinMHe RhMBIH 84dHBABRRER BLAMnSAdidC trHé Eenflif

tO t he reverse COITp| enment ary sequences 1 n t he arns of
reapiéonDNES istubatediforuichaur at SOEC e Rheasampées V@@mpmclmtatgd W@Eanol and
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rom nent bands of an a parent size iIn
V@;@%ggl %feng 980p263 for R1 and the juxtaposed 3" end of the original vip269 and

5’ end of vip270 for R2, respectively.

Furthermore terminal PCR priming sites were introduced in the same reaction by the
DNA ligase. The DNA oligoes having the PCR priming sites vip029/vip070 and
vip029/vip030 for R1 and R2, respectively, were pre-annealed under the following
conditions: 200 pmoles of each oligo in 1 x Ligase buffer and 50 mM NacCl in total
volume of 40 pl and incubated in a PCR machine for 5 minutes at 95°C and for 30

seconds steps at the following temperatures: 80°C, 65°C, 50°C, 45°C, 30°C, 20°C.



bp were observed. The upper band nost |ikely contains
the full length products, whereas the |ower band npst

wo 2doeloysoeont ai ns nol ecul es m ssing one of the PGIDRARS/000714
sites containing oligoes. Furthernore, in lane 8, a
band m grating with an apparent size of 600 bp was
seen. The band nost |ikely represents a specie with no
PCR sites containing oligod® |igated (conpare |lane 8

Lane ontains the 100 bp DNA | adder
EP’H%QH? aSsannﬁfﬁEwgyP 023thotmysmostan sesmprt neteigsy olioga are

pl%ill’udlﬁé '"me% fo%i‘ LRRSVPR colPRenfbnt ﬂf E%Q Sceﬁﬁﬁ{nﬂ o
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Si
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reactr on mX was | NncC
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assay., The i spl ayin th ynth d peptides was
ﬁféﬁ@"g&*@ayq?tﬁw 35 BU: ﬁ%m& 8%%19 {0 & 58g)yolume of
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capability of correctly synthesize a conpound from

carrier nodules directed by Structural DNA. This assay
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PLoS Bi ol riner extensi

copgistahgotf qu029€|m(33é AT e ivip OANd §ip0BR-v{26 Bafﬁﬁiﬂ69dflp270-
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an

#A?Sﬁwq 1L 1IM Tris-HC

3 Sgp e AERECUOPS Ol bEE QRemyEhiBhorzthe BSOGOES
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TAM T s HO R 7D B5F TR kbR B RS dhanch and
Sub@dé@ﬂ}"mbj?@}bfém RepaBativadoRDatdvelPAGD, cﬁha‘ngl prccipiated again and
dissolved in 20 ul water as described above. The assembled products were now ready for

primer extension.

Throughout the above described procedure, small samples were removed for analysis by
none-native PAGE as described above. The gel picture is shown in Figure 27. Lane 1 and
2 show the successful formed cross-linked functionalised oligoes vip-231 (35 nt)/vip262
(68 nt) and cross-linked vip-238 (35 nt)/vip-269 (68 nt) for R1 and R2, respectively. The
cross-linked products migrate with an apparent size of approximately 200 bp. The
observed difference between actually size and apparent size is not unexpected due to the

strong secondary structures in the formed products which are present even in a non-native



anti Leu-enkephal i n nonocl onal anti body, 1L 20 M
Leu-enkephalin (Tyr-A@y-dy- Phe-Leu) (Schafer-N
w®eovamsdors and 1 L 1M Tris-HCl pH 7.2 were addeRCT/DE2005/000714
tubes Rl1-4 and R2-4 1 ttL 0.5 ng/ m3E7 anti
Leu- enkephal i n nonocl onal antibody, 1 L 20 M
scranbl ed Leu-enkephalin (A y-Leu-Phe-Tyr-4dy)
(Schafer-N, Denmark) and 1 B0 1M Tris-HCl pH 7.2 were
added. All sanples were incubated with agitation for
£ e (aohe YETSe 48R MPRDRAVESE0 furthamoy basly of gmalkes gige were
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entire amount was | oaded onto the gel. 1 L of both 100
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es@amab)% alfeQ)hjamdhédlDBIAgmoEXﬂ&Q w@er2dg the $heticd MpRihe BAARE lane 4 are
corresponds well with the intended 241 bp full length

l“ﬁ?b@ﬁ@ﬂnoﬁﬁ@F%as the | ower band nost likely contains a
species mssing the vip029 which will give a 30 bp
smal | er product. Two prom nent bands w th apparent

L@Wi@mdéﬁhawdmhmndmm@ﬁ@nma%éﬂﬁbgeﬁﬁédxwmmaBkﬂ@aﬁébrRlandR2

regﬁ)er%hv 1v. thtr%% o%ﬁ&% 1%0 R%ﬁ%'o@gé Ean Snlt;klg asvﬁ % eﬁeic/:?ed products

are Q71 ai. H‘swtem thalapparengizh nplhe @Hl(lif&rosmﬂlﬁk&m;eéibﬁislamﬂ 600 bp.
hand nost kel ai ns, nol ecul es m ssjng ope. of

THRS b bea et e rien ot goaes irhed Wikar XA molecules

wgﬁ R istbmOsebdndhrPstRRAflesfuc AP BR rr@JéFse%b&ﬁleﬂfenéh%@ﬁ%rﬂe@@@n the

i S observed. This band npst contain
arms @f thel A Sitar PhpRArey Eyere trep m@amgﬂgt%@@ream tapebllp of

cthe el ectrophoretic mgration of the
d%ﬁh§$%e§%#b eéx. This band is absent when the Rl

product i's |ncubated with the | g&A isotype natched

ne ntrol tibad . sho in lane 2 (R1-2).
LR P SorTah B msf ot @R HaRaneL o askione, o BRPATUEFR
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Leu- enke n: Inlane 3 the gel-shifted band is
respssayRLY- \Fﬁi@rﬁ’%@mg SHespatainingigeggaddpastofal @64 nt, thus the

desfrét HBMERNAL pi1 REAWodRoftinEnRnd G URAbFllent size in excess of 1000

bp were observed. The upper band most likely contains the full length products, whereas
the lower band most likely contains molecules missing one of the two PCR sites
containing oligoes. Furthermore, in lane §, a band migrating with an apparent size of 600
bp was seen. The band most likely represents a specie with no PCR sites containing

oligoes ligated (compare lane 8 and 6).

Lane 9 contains the 100 bp DNA ladder (Fermentas, SM0248).



The conpetition is not seen in |lane 4 containing Rl1-4

when the free sol uble scranbled Leu-enkephalin is
WEe@sos02s Lanes 5-8 containing R2-1, R2-2, R2-BCEDE2005/000714

R2-4, respectively show that the negative control R2

product (scranbl ed Leu-enkephal i n-DNA) does not bind

to 3E7, as expected. WO 2006/ 048025 PCT/ DK2005/ 000714

93 Anplification To denmonstdate that the DNA of the

gel -shifted band and ot her bands are intact gel pieces

were excised and DNA was extracted for use as

tenpl ates for PCR The gel pieces boxed in figure 29
PMREEeSMsioaut and the product extracted by the "crush

and soak" nethod (Sanbrook, J., Fritsch, EF, and
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sanpl es were anal ysed on a native 10% P,

MPRRYi t r ogen) and stained with SYBR C}een ( Mol ecul ar
Probes) according to manufactures instructions and a
picture was taken. The result is shown in figure 29.
Lane M contains the 100 bp DNA | adder (Fernentas,
8@@?48¥y Lanes 1-5 contain the reactions having the

enplates inall |lanes a pronm nent band
Thgﬁ%& ? yngissierd Raptides v asspalard g atebectraphoresis mobility

shﬁ?(d%%zt@@ds@ Aedeg‘l‘ongtth%oﬁ léHamLi g%l BEAIPGE C%I,&'BIIW pﬁgoa ectly

| ane 6 which contain the negative contr
symtbwpaeeﬂ@nmuedjﬁpmammodslemdneommmmIMAquent ly,
it is hereby denonstrated that a Structural DNA
Di spl ay product can be forned, partitioned and

Thismgebdyfis mptddrﬁmmummm (Hatpan siREMAb, PLESIBRG, z;waJn ©004).
i - Leu- enkephalin anti

roduct t.o th

10 g BTG St OR BOH G OF BRI 4 PP b MO, e eeaied Leu-
enmaalmpmsvéa@%hwcwﬁﬁd ¥ bRs %fﬂ%e%%by aﬁcﬂ@z ﬁ’ﬁgﬁ?g% ‘mg/ml

Furt her nore has been shown that partitionin
3E6 2B ey- enkephalm monoclonal antibody (Chemicon, cat# MAB5276), 1 pL 1M
Tris-HCI pH 7.2 and 1 pL 0.1% Triton-X/PBS were added. To tubes R1-2 and R2-2 1
uL 0.5 mg/ml W6/32 monoclonal antibody (Sigma, H1650), 1 uL 1M Tris-HCI pH 7.2
and 1 uL 0.1% Triton-X/PBS were added. To tubes R1-3 and R2-3 1 uL 0.5 mg/ml 3E7
anti Leu-enkephalin monoclonal antibody, 1 uL 20 uM Leu-enkephalin (Tyr-Gly-Gly-
Phe-Leu) (Schafer-N, Denmark) and 1 pL 1M Tris-HCl pH 7.2 were added. To tubes
R1-4 and R2-4 1 uL 0.5 mg/ml 3E7 anti Leu-enkephalin monoclonal antibody, 1 uL 20
uM scrambled Leu-enkephalin (Gly-Leu-Phe-Tyr-Gly) (Schafer-N, Denmark) and 1 pL

1M Tris-HC] pH 7.2 were added. All samples were incubated with agitation for one



di splaying a ligand froma product not displaying a

i gand indeed is doable. For exanple as illustrated
whee/0gsorpl y by isolating the gel shifted bandPCT/DK2005/000714

Furthernore, the partitioned product can be anplified

for subsequently identification by e.g. DNA sequencing

or used as a tenplate in a translation process, thus

al l owi ng cycles of selectiof2and anplification to be

performed. WO 2006/ 048025 PCT/ DK2005/ 000714 94 Exam
hqnp agropmn raRersivag- 1t itluef Li%elogfing dye Onvispeme faih 08¢6-015) was

[Lu
40t P RS 8 2P B AL So BN BBk Pne nel P S B Bmaco by

aridedlie tadders wmeraéetm lomledgBeronae #Sh@’«éﬂwar&b@kﬁ?ﬂ 8nfThan0% PAGE

TS| Do y Rl SRR | SARTRA TR Dy v

ddRIopLs forD@rﬂlﬂﬂlﬁtKQ in SHBR CréB0 Hé1610btid StainV(MEI 4G Aa8obes)
acetylated with DST (disuccinimdyl tartrate, Pierce

a%z@e@t)o naetnuqu@rﬁrmmwonSanlmmrﬁ afithg grl és fharnip Sgreds.
RETuts it P O RO ks BRGS0 B0 po e
obpepvestyltettendsmedt llbeialcgmenh spbm@_?avilﬂgeioulﬂb lsgmﬂlai Ig@m (fdgher
in a 9
P AR MR e BB RO 1T T e POOIAATP 898 Wellarifh e

inpiaaepat e fallfldrpth pro@icd whkdtad ke [0tvet bi@rd MRRELkN cond@fs a
100 L. The reactions were incubated 2 hrs at 25 C.
SPREIEDHIEEE the YP0R vineh il eiverufibaralitiredush Taraaaminest

bdns WaRlaphrbR siza oBe sl l@ﬂélbp grcrUb%ﬁéd %%llcl:anel—%o?ti ik aly (}}rl]e

reacti on m Xt ure was [ute puri
baads pinriain gpagies hving stehamcm@ﬁddﬁdwés th#aﬁpﬁmﬁd Dbyt likely

R ALTR e EPRAE R BB IR B

ma;emgrode ofitht ovdRERpltes dohta1Mng3b1dgoe36% DNA Cal cul at ed
mass Found nmass vi p046- NHCOCHO 6653, 202 6656, 1
Synt hesi s of a bennzal dehvde-fisnctiorialized oligo

Inhaw naonltaaﬁlﬁ%4@l1 ﬂbéﬂ@'oft éHsi(z@BPérB@nd %o%g)ls &&eﬁﬂe&' ms

n =1 The ol i gonucl eoti de vip

bandsn%t:wmue die\hepfenhenhahlb ewzla¢tderr®r@get0@Eé raoalgttdexrwl#aa
sl%\?é%ﬁ %_ %gﬁrrl\tgﬁq 8%@% &4\/({11? exétire cO lﬁ()T ] bal}d bse?tp\ﬁlbqn the
Rhptroduct is incubated with the IgG2A isotype matched negative control antibody as
shown in lane 2 (R1-2). The specificity of the interaction is further enforced by the
competition of the binding by free-soluble Leu-enkephalin: In lane 3 the gel-shifted band
is absent when the R1 product, 3E7 and the free Leu-enkephalin peptide are co-incubated.
The competition is not seen in lane 4 containing R1-4 when the free soluble scrambled
Leu-enkephalin is present. Lanes 5-8 containing R2-1, R2-2, R2-3 and R2-4, respectively
show that the negative control R2 product (scrambled Leu-enkephalin-DNA) does not
bind to 3E7, as expected.



chl oride, Fluka #74104) by treatnent of the

ol i gonucl eotide (2.5 nnol) dissolved in a 40%
wORMebE0eFs m xt ure contai ning 150 mM NaCl, 200P@ivDK2005/000714

sodi um phosphate buffer pH S.S with DMI- VMM 50 nmM

Total reaction volune was 100 L. The reaction was

i ncubated 4 hrs at 25 C. The reaction m xture was

purified on a spin colum (A&ersham WO 2006/ 048025

PCT/ DK2005/ 000714 95 Bi osci ences #27-5325-01)

rdj ng to manufactures protocol followed by

Aﬁ’ﬂﬁ '94%@4t i on by HPLC and mass spectronetry anal ysi S

TOSEROAATR A O e e D S et i

whterencisett @ld IMNIA velisrertrhéell foe dsecisitattplateg fdﬂa’URQn In
E e'(jtlon 1 and two derlvatlves

£ PIehEs bgxed in %ur859 gﬂewly pytand theprodyet ext?a%fre(csl by the “crush

arftt o kBB QinfbréG, 9, FHRSH BFt bﬁéﬁ{ﬂmlaﬂ\ﬁﬁe(l@%ﬁq Molddular
eqw nol ar anount s E) nol'es’ each 3

{mpect Liakortes Manvals 6pldSroimse Batbar Lahvgatmgﬁ%ggel plelce Evas
crgggg 9@31 E(b%%cé&ffeﬂlgffmhﬁb ﬁpgg E&Qf%p ‘é[%%au%%g kN%ﬁaS%ll(lg f sli)gnygutes at
201000 x Sehdithie sosermwan mnﬂf%rzaéltted ﬁe@lé arb%)a?malx hz)tgélgmgmm%r

0858t B 5Nt Do Lo Togrisd e et o DtinSigas, B-

03@04,90) mg/HIEB SN 088 luinAG NV &it(ek 8-S MiﬂedL)t] h&%s fRApeifanted
(NaCNBH3i  Si gma #156159, 1M aqg. sol, final
usingnt hfrthe supamatant ditited\i00tfoldzn 2 28 ad reastiony 8D upeleds 307 at

d or trols r
oSS B8 T T O Y T
sandplasiwaloamiysed on agatyvealrﬁ)"/ngAGtE ((rmmgen)ﬁml sfte}?irt@)wnh SYB%(
ed ip order to test the efficiency o
iR I ot e Bcporing TRt et g oA cku was
talnD QS r SO WBSwAR i BERE 89 CHRIY cbhtaiﬁe ¢he mo\HpRS%JAQaddEP us
(Fperform n% the reaction between ol | goes, Wwhich cannot

BEB35aP U4 Bakarics ks cpaijn thardactonsitheving st gebpumfisdttemplates:
I
18 B g B rn A o o B R B BB b BIER enmerse
sigeradliss ful3éngth) protimatulpabetthsif lanet which contain the negative control
without template added the band is not observed. Consequently, it is hereby demonstrated

that a Structural DNA Display product can be formed, partitioned and amplified.

In conclusion, the specific binding of the R1 product to the 3E7 anti-Leu-enkephalin
antibody demonstrates conclusively that the Leu-enkephalin peptide has been correctly
assembled by the process. Furthermore, it has been shown that partitioning of a product
displaying a ligand from a product not displaying a ligand indeed is doable. For example
as illustrated here simply by isolating the gel shifted band. Furthermore, the partitioned
product can be amplified for subsequently identification by e.g. DNA sequencing or used
as a template in a translation process, thus allowing cycles of selection and amplification

to be performed.



ice, then spun at 14000 rpmfor 30 mn at 4C
Super nat ant was decanted, tubes spun briefly,
wo eovaiossory) | i quid renoved by pipette, and the P&El/DER005/000714
was allowed to dry in a streamof air). WO
2006/ 048025 PCT/ DK2005/ 000714 96 Crude DNA was
di ssolved in water and anal yzed by denaturing 10% PAGE
(I nvitrogen) and subsequen®P#y stained by SYBR G een
(Mol ecul ar Probes) according to manufactures
tions. A picture of the gel is shown in figure
tiaon o a new band with a nobility
Dgg‘rsrt%'s%&}?&rﬁ “‘?%10%8 BeAYiVe OAFRAtOR ¢ he expect ed
Cross- I|nk|ng of vi p046 (21 nt) and vip0l1l7 (42 nt)

(lanes 5 and . No _cross-1linking was observed in the
Thegresent exa@mbé@rvﬁ@m ugipaitbol FoTEralNS lvah dirgad eerdmmml

arﬁlﬁaﬁ’dnpﬁyfl:c?ugﬁ%g%ﬂ%mﬁ%ﬁvaé 5ho§en s aH%k’Em{SHQ og% Iﬂno% fa ptan Sw1gely

I nt erna ectivere
emahdmkﬂﬁwmﬁamEUpe&mmmnlmas forned in the dinmer, but
slightly less intense bands were observed (I anes
7+11). No product was observed for oligoes that

OligR e Basiaedabi DNAITeahholtyi(AdusBESHAR). TRIYBRAGRSIcotide
are required for Isr oduct formation (lanes 8+12

vigldoreas sestyialed Vel ST (fiatcomppidyktagesis Biceoedi20889) et thiepgimary
anfEnEéij?Eﬂ Mx?er%xﬂﬁiﬁéarﬂﬁ i e ag@nh&[eotﬁg %Il}ofv&eﬁ Sﬂﬁﬁ‘v? cleavage

anple 20 Structural rection of ure orma
witthialg}s ééb’-hfICh éx hMb‘l 8) toarislé shet ghyaxtylatesfunetiomalitedtoligo. The

S L M—

confairdip Ardp@OdNHH 88 shdinm plaRphdite B, T@c@loxl'dhﬁﬂe othefaction
i sosters in medicial chem Hgfhﬁrdlgos wer e

K
waSHOR e G1S FAFHOBN I BHHBII TARKRICC. RalheSR A0 N0 mM
soRtiBh) wAs tH&] é!fd@d Wﬁb@a'tédg‘opfﬁn Adingey MR%: AN JT%Q? éﬁ:@&l

was ‘assenbl e mprising two am no functionalize
mlémf‘@]we%dlhﬁ@ﬂ t@ﬂQO atﬂmnlfl man%ecb«bn yepin C])lugluéémcrqh@malosmnp@
Tnn | ar _ann
#2’:’L 5’3 ?6% ahc)c&(ag'% tx\gl{aﬁ,l@?t)ﬁgeg Pc(g)ﬂ lflolﬁgvr?? é’P’r?“ﬂ caélofl P&[PLC and

masmapm@ﬁomemmarmlysmmccﬂrdinlgm@ﬁﬁﬂﬁlﬂee$.UY1fe131I.1Bé%aCI d (Fl uka
#69947; MOPS, 100 mM pH 8.0) and NaC (Fl uka #71376,
1M . Solutions were subjected to an annealing program

D}%ﬁCR machi ne: chicilafzd @R4C. 3Qus86a@ 80C, 30 sec @ 65C,
sec
vip046-NHCOCHO 6653,202 6656,1

Synthesis of a benzaldehyde-functionalized oligo having internal modified dT (amine-
C6-dI) (position n = 1) (Vip046-NHCOCsH,CHO)

The oligonucleotide vip046 was acylated with 4-carboxybenzaldehyde (Lancaster #8192)
promoted by DMT-MM (4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
chloride, Fluka #74104) by treatment of the oligonucleotide (2.5 nmol) dissolved in a
40% DMF/water mixture containing 150 mM NaCl, 200 mM sodium phosphate buffer
pH 8.8 with DMT-MM 50 mM. Total reaction volume was 100 pL. The reaction was

incubated 4 hrs at 25 °C. The reaction mixture was purified on a spin column (Amersham



WD 2006/ 048025 PCT/ DK2005/ 000714 97 @50C, 30 sec @
35C, 30 sec @20C, 30 sec @10C). The annealing
wOorRoob/4s925vas urea form ng reagents PCT/DK2005/000714
(N, N -Di succini mdyl carbonate, Aldrich #225827 (0.45M
in DWM) or bis(4-nitrophenyl) carbonate, Aldrich #
161691 (1,OMin DMF)) to a final concentration of 10,
50, or 100 nM (total reacti @ volune 20 L) and
I ncubated for 90 mn at 37C. An aliquot of each
Bioseiendes 2 v 33 0 a\ﬁﬂgdmaép mArlotengs pyptatehfllawedby p@dfication

oG B Rt PR R B R %o

manuf act ur es |nstruct| ons. A picture of the PACE is
wn in Figure 31. formati on_of a new band with a

ﬁgbl lity correspon(ﬁalé‘%tt?ﬁi‘éﬁfsm nFOWd R4St s t he
ViPMERHEDCHSHO | nlg7panf vi p046 ¢bot) and vip0l7
(42 nt) in lanes 5-10. Interestlngly, a decreasing
amount of product was formed with increasing anmounts
of coupling reagent. This observation, however, can be
SteeRlral DRI docle8 36hicPSafiaifmagent nol ecules with both
am no groups, thus transformng both am nes into

Innem:hemﬂ)lahdl & She thidUterivatileOWEVip G4 aaiHrgahi 8NdObf J18AGEPbeid and
one of the amnes to form an

| ow foQr just
4- Eﬂ%@&’ﬁ’&ﬂ‘%‘i‘% S5t Wetmird MaBicanipnolas asoynigi( hpmeles
cabh)FRipAMaR@ vip00s of Mrhe scﬂffb‘?cﬁlcéo‘?x% ﬂﬁg@ﬁn%ﬁﬁﬂﬁﬁgﬁ b

Structural Star DNA is capab ectl ng urea
mqn@hwmompanes@fm ped Qﬂlum\%%ﬂarMQﬂ’SumOLmM pH 5.2) and NaCl

(Fg@%& [g@g?ﬂdﬁ) th %ve?e s% cttefl gem)nst A at G S gﬁ&gépaghlne 5
mﬁt@@éf@,rm seD@\S@P&S 38 seb @tesac;s(meﬁf@swu 30@95 @ TR} sec @

oogagﬂ) Ji; nded The latter is_a |linear
@meWﬁ@éEﬂ%W?%%daii the resystanh NaCWBH
slgh@bustcaw 15Mraql oM ITfRial SRPSRAHGNSE D00 i fo%l%gcté%g%lgl%ggﬁ uL)

patterns of the two confornations are VD 200
anﬂ’@FPMf%/zb@O-’a’(iﬂ 98 expected in gels: Structural DNA
has an apparent size far exceeding that of the double

Controls run in parallel for both aldehydes:

. Vip017 was exchanged for vip007, which does not carry an amine (reactions
2+6).
. Vip008 was omitted in order to test the efficiency of the dimer compared to trimer

(veactions 3+7).
. Vip046-CHO was attempted cross-linked to vip019, thus performing the reaction

between oligoes, which cannot base pair (reactions 4+8).

All eight reaction mixtures were diluted to 50 pl and EtOH precipitated (added GenElute
0.5 pL; Sigma 56575) and 96% EtOH (Biochemika grade; 250 pl). Incubated 15 min on
ice, then spun at 14000 rpm for 30 min at 4°C. Supernatant was decanted, tubes spun
briefly, remaining liquid removed by pipette, and the pellet was allowed to dry in a

stream of air).



stranded |linear DNA counterpart. To denonstrate this

phenonmenon the foll ow ng experinent was perforned: A
W@ pdoaees0es DNA Star Structure with term nal PCRPQ@T/DRERVG/000714

sites was fornmed by ligation of five oligoes vip029,

vip 161, vip 192, vip 193 and vi p207. A schematic

drawi ng of the organization is shown in Figure 32.

DNA ol i goes (prepared by DNR6Technol ogy Ar hus,

Denmark) were mixed in 2 M concentrations each in |x

Li gase Buffer (New Engl and Biolabs) 50 MM NaCl. The

i

Cfﬂd’é DN@ %va%fs@olb%ﬂ%&%n@ﬁ?eﬁ%eh C nat é—% d ﬂf({gj@#@@%\ﬁﬁo gen)

for 30 seconds fo
atsls&ubmmnt@&@uﬁetdrbm’BB&Un@m(Mcﬂmlm Brotdf) ssemdimgdo nb@Tactures

.unti.l ext ste nneal i.n [0 re was
R Pt T s B e O e Eo 5o Beaga new band with
a mbhirﬁeorids@oxﬂmgttermxm nt eénﬁlhﬁ ted dxgedted troat- liklese wlﬁo46 (21

| at ed ol ynucl eoti de klnase

hor
tﬁ?&ff vpel 6.% §'it)s<hnﬁ§5 amd %) 1310 orass &mk@g Mi3e phesved| iy th'smnuol
e)ldieﬂﬁl%ﬁts \xgﬂﬁf\flﬁfm( Naen Fakand tg v%(ﬁb%)wep?@mWs Nﬁfl‘ﬂb farﬁldamme
ol ynucl eot i ki nase ng
orpihglintprmal @nmﬁlwmgﬁ)selewa@ rpao@paﬂemesmdu lﬁa; @@ateeadocfmt was
fci?’lgx;c( al‘ﬂigé g‘Zner chxt ag%%‘tlg@%sg aqg’%@ %?ncﬁsﬁfﬁﬁ% bs%t'veg Eﬁnéﬂe\/\g—g 1). No
pl‘bdudmsds byseMd Dbtfoligogathat dabieoy bEﬁBgiaaﬁddlBMﬁigabﬁ matéte# sequences

SrEFORAB r PENRRRRISH Ui S0 T4 DNA |1 gase (New

Engl and Bi ol abs, cat# M)202) in a volune of 10 gl and
I ncubat ed overni ght at 16C. PCR anplification: 0.04 |
Ceptsequratly, yanctuss I?C}‘éée& ¢apabloatdigestine epsluetdieminationrin 4 béghly
é%ﬂi ghﬁaction mx [1 x ThernoPol buffer (New
['an ol abs B9004S), 0.2 nM dNTPs (New Engl and
Blolabs 0447S), 8 mM MgSH, 0.2 M vi p202 and vi p224 M
0.5 MBetaine (Signa B0300), | W100 | of Vent (exo-)

gl and Bi ol abs MD257L). PCR anmplification was
]bfgiﬁ%fged in 50 | aliquots using the follow ng cycling

St?&fﬂl%ltﬂ)ﬁﬂsc}lreé@olﬁ&%&%nﬁétmﬁZC and 25 cycl es of
92C/ 15 sec, 50C/ 15 sec, 70C/ 30 sec. WD 2006/ 048025

PCT/DK2005/000714 99 The sanpl e was et hano

d 1/,10th 3 .
TRESET SQbBiett < e Bt SUREPRPES “af il dred Pimagion.
Uﬁﬁdomexltlbﬁ bétugedtwiDarinad v &schatendd aQQRanipld of an important, widely

applicable reaction. Ureas are known isosters in medicial chemistry.

Oligos were obtained from DNA Technology Arhus, Denmark.

A DNA Star Structure consisting of a three-way DNA junction was assembled
comprising two amino functionalized oligoes and one auxiliary oligo. Oligoes vip046,
vip017, and vip008 were mixed in equimolar amounts (10 pmol each) in a buffer solution
containing a final composition of morpholinopropanesulfonic acid (Fluka #69947;
MOPS, 100 mM, pH 8.0) and NaCl (Fluka #71376, 1M). Solutions were subjected to an
annealing program (PCR machine: 5 min @ 94°C, 30 sec @ 80°C, 30 sec @ 65°C, 30 sec



t he supernatant was di scarded and the pellet was
resuspended in 1 x |loading buffer (Invitrogen) and
wGivpeetoesl to a preparative native 10% PAGE  PCT/DK2005/000714
(I'nvitrogen), and stained wth SYBR G een (Ml ecul ar
Probes, S7563) follow ng manufactures instruction. A
picture of the gel is shown in Figure 32. Lane M
contains the 100 bp DNA | ad@ér (Fernentas, SM)248).
ds were isolated: the band around 250 bp (A)
@aﬂH Cs %‘é seci@rid G 3t°hsefa@ & Eaﬁ@ fgc @; 198C). Hhéﬂm@ghng)mmm@ms

urlgp formﬂ?g Q?éenps' 'SDgQ&ﬁﬂlaﬁ(ﬁrl fzérﬁ&{af %%dl?l@l ({()%41\/[ in

rOdUC eXtraCte éru Soa
DMﬁ) I@DUIS(‘M&DPMM) cdrbonde, lAldncth #16EE691 @M ﬂmDiM?H)b ®,a fInal

copbiroliah Bk SO Rl i) vRE T phetsid for 90

mitratshad and soaked overnight in 400 | TE Buffer. The
tubes were spun for 10 mnutes at 20 000 x g and the
supernatant transferred to a fresh tube and ethano

ARERFIOPLF & o BHGHERRS 1 APMAE BRYy HERHAR og%eﬁpA&Eloo

g wat er . Primer Extesion Pri
(Ingiapgens Bapipwars visweiiedtbyS YRR Crévarstape(Voleomat. Prabds, #375 63)

in.a 20 gl reaction containin 1 x
%“ﬁg?‘ﬁgég‘la“ﬁ%??‘ger%? $ Byl and Bi ol abs B9004S) , 8.[2 ™
dNTPs (New Engl and Bi ol abs 0447S), 8 mM MgSO™4, 0.5 M
Bet ai n 0300 1 U100 gl of Vent (exo New
ABRyRaAEEP A RoTe A g o FABmmeins of aaat snawith o
mcﬂﬁh@ﬁ:bn’é@%n&hﬂg kd1866l0 ni dnERASTHE QQﬁec?edQ: (I\fhngm Qg&‘ﬁb%@% nt)

wer e i ncl ude in reaction 3 and
angl yin0 3 64R ain in lapesrSe bl ﬂmtmqstmglsande@e@ng angwunvomﬁm,mms

o 8 S R BB IS0 B ot
expiam@tl oy r@ﬁctl&& df r@gémrmdlécmomﬂdﬁotlaﬁhdnﬁtgn?@s"thﬁ:s frafsfodfhing

b econds.. %? g&:,ﬂ8§re ctions were analyzed by 10%

° A@“&Ssm&’e%‘l? oY, OWEF euGeTatiAn S tPaHY My Siley for just

onEbf the aniids tVBSTRA ThieFhEKhts! 84D Ae, L HibE % :
Str uctaure with terlm nal PCRr p?l ?n né Sxfak)ﬁll Shth the other

anyg i) fana theSxpesiad yrea- t he sanpl e was subjected to
preparati ve PAGE where two bands were isolated: a
band (A) with an apparent size of around 250 bp (the

Conqpeub/, St8aR61 BETDBK2R @B Mrectidirexfaaiws. si ze of
t he doubl e stranded PCR product is 241 bp) and a band
(B) with an apparent size in excess of 1000 bp.
Finally, the isolated DNA was used as tenplates in

Example 21
DNA Star Structure Electromobility

This example demonstrates Structural DNA’s electromobility in native polyacrylamide
gels.

Structural DNA has a distinct different conformation than double stranded DNA. The
latter is a linear elongated molecule, whereas Structural DNA has a more globular

structure. Consequently, different migration patterns of the two conformations are



prinmer extension reactions and anal yzed by PACE. As
shown in figure 32, both tenplates give rise to a
waGelowbl#80s3 r anded product with a size of ar oundP@BOKR@S/000714
with both the forward (lanes 2 and 6) and the
backward prinmer (lanes 3 and 7). Furthernore, when
both prinmers are present nore product is forned
(lanes 4 and 8). This is ill9%strating that both band A
and B contain the intended 241 bp product_ and t
extietted iregade Stmotrb DNA hasian apn@re@tesnzeafareexceeéﬁgéaﬂéﬁ ﬁheydouble

i o, P SRR, DR i 1
efpelidrg: WVerfonherestingly, without any priners present

in the primer extension reaction only a limted
doubl e stranded band around 250 bp is observed not

A ﬁ{énm 506 seh@hielwith ASIngIRER BrimSigrsatdiess fob¥AedBy ligation
own in lane 1. This is properly due to the therna
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randed DNA and Star Structure
fol ded DNA. The sane phenonenon is observed in Iane 5

mhere th st ar ba
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PCR amplification:

0.04 pl of the ligation reaction was used as template in 400 pl PCR reaction mix [1 x
ThermoPol buffer (New England Biolabs B90048S), 0.2 mM dNTPs (New England
Biolabs 04478S), 8 mM MgSO4, 0.2 uM vip202 and vip224 pM, 0.5 M Betaine (Sigma
B0300), 1 U/100 pl of Vent (exo-) (New England Biolabs M0257L). PCR amplification
was performed in 50 pl aliquots using the following cycling conditions: 30 seconds at
92°C, and 25 cycles of 92°C/15 sec, 50°C/15 sec, 70°C/30 sec.
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E per ol iga/Star Structure/ nodul e was qgul

frep Elbe@a% Rihawalipessirdiatedyap Aesgribest aborie amcht@susperwed ar 1§ ;Iiaifater
nodul e on position 1 was |liberated fromthe Star
Structure by first performng a denaturation step
where the fresh carrier nodul e was repl acing the

Priggardixgesion position 1 nodul e in the Star Structure and

then a restrjctjon enz gest was WD 2006/ 048025
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wa%%&h'a@OQﬁlréa)étlb@&ﬁftaQQn El { e ?‘blal!)ufke??lg %B%l:%ad Biolabs

second stem his e rcise the cova
B%@%%@ﬁ mMéﬂ\H?HSganlEngbsd Bucdabsx)msw&anasmson 0.8 Bb@ine

r t S ucture The
SRAABBI A 118l e Bl RIS EpkRed Blelers M0 R 10
reaStmmsclt almdé Wimélﬁ@hsﬁﬂblﬁdeﬂelﬂtrédéh@ﬁﬂ &ed 6d IRINOH) Gere

Star Structures |liberated from
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uM vip202 and 224 were included. The primer extensions were performed by incubating
the samples at 950C for one minute, at 500C for 15 seconds and at 700C for 30
seconds. 10 pl of the reactions were analyzed by 10% PAGE as described above.

Discussion and Conclusion

First, PCR was performed using a trimeric DNA Star Structure with terminal PCR
priming sites as template. Secondly, the sample was subjected to preparative PAGE

where two bands were isolated: a band (A) with an apparent size of around 250 bp (the



postion 1. Note that upon folding to the Star

Structure, the 3' end of the fresh position 1 nodul e
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stem ends i nmedi ately before the codon on position 2.

Consequently the 3" end of the fresh nodule 1 was
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for position_ 2. Consequentl the Structure was ready
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Example 22
Translation of DNA Star Structures

This example demonstrates the principle of the translation process of DNA Star
Structures. In this context the translation process is the process where the individual
modules on various positions are substituted by fresh modules and the substitution
process is directed by codon/anticodon recognition. The fresh modules may have a
chemical reactant attached in such a way that it will be located in the centre or in the

vicinity of the centre upon proper folding of the new DNA Star Structure which the fresh
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enzyne were added, giving a final reaction vol une of
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DNA Star Structure was PCR anplified in a total
reaction volunme of 400 Al, in 1 x Thernopol Buffer
(NEB MD257L), 8 mM MyCl2, 0.2 nM dNTPs, 0.5 M Betai ne
(Sigma B0300), 1 g/nl BSA (IGEB B9001S), 0.1 gM
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colum. Then, the cleaned up PCR product was added to
Streptavidin coat ed magneti c beads (Dynal MyOne,
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in 300 i12 x BW, an cl eaned up P pro

ﬂwﬁggawﬁﬁﬂlN@S@N@nbb%€@€33he beads were incubated for
15 mnutes at RT, shaking slowy. The beads were
captured on a nagnet, and the supernatant was renoved.
Fitie DNaCSangnetwa she dmplifiddysPOR ubing a bidBWla{ed dhfkward primer,

luted f t he
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i ncubat ed for nm nut es at roon1tenperature

bagdsiangd fpkded intg ﬁtq}PTéd Shar Stretupslapving, tworens-{nows md sim

AR B e e MR Ve 1
WHLCE dige e iB480RbItIBECTEIIKRGOME FOREl4 5° bOdrhdie T}hmrdvbl)hang
was tested by priner extension
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| ate an
blotmylated helper oligo was 1ncluded The helper oligo hybridize to the fresh position 1

carrier module in such a way that it created a 5° overhang, which was the anticodon.
Consequently, the subsequent ligation (helper oligo/Star Structure/module 1 was guided
by the codon/anticodon hybridization.

Then, the original module on position 1 was liberated from the Star Structure by first
performing a denaturation step where the fresh carrier module was replacing the original

position 1 module in the Star Structure and then a restriction enzyme digest was



vi p202 or 0.4 RMvi p203 per reaction. The prinmer
extension reaction was as follows: 95C for 2 m nutes,
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Accord , g a band “corres
igase buffer (NEB BOZOZS) 50 mM NaCl, with 20 pmol of

each oligonucleotide in a volume of 10 pl. The annealing was performed by incubation in

oligoes were mlxed in l X

a PCR machine for 5 minutes at 95°C and for 30 seconds steps at the following

temperatures: 80°C, 65°C, 50°C, 45°C, 30°C, 20°C.

Then, the 5’ ends were phosphorylated by Polynucleotide Kinase; 2.5 units
Polynucleotide Kinase (NEB M0201) were included in a 15 ul reaction volume, in 1 x
Ligase Buffer, 50 mM NaCl. The reaction was incubated for 30 minutes at 37°C.



expected size of 241 bp was observed in |ane 7 whereas

no priner extension product was observed in | ane 6.
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desired strand of the PCR product in a highly pure
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cluted from the complementary biotinylated DNA strand captured on the magnetic beads
by adding 50 ul1 10 mM NaOH, and incubated for 5 minutes at room temperature. The
beads were captured on the magnet, the supernatant containing the upper DNA strand

was removed and immediately neutralized with 20 pl 1 M Tris-HCl, pH 7.2.
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upper strand of the PCR product. Interestingly, the upper band of the two bands with an
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sites.

As a quality control of the purified DNA two primer extensions were performed. In one

reaction the forward primer (vip202) was used and in the second reaction the backward
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anneal i ng reacti on was added. |ncubation was done for
Exposurerpfitie e@ioatonmgvrrpm énperature with gentl e shakl ng.

The beads now Wt ge DNA attached to E ﬁi
The N ao&d %c%rwgwe}e AR SETHOBRR AN ANg SETs heitie B loop
cohtlamgﬂ Rod &M ok §581t10r212 TheldB8drARE es(pgiedjog lé‘strllaéﬂé)n ehzyme dlgest

digest Buffer was added to the beads, and al
by(Bsa I, wiich sutloutsnbnmwltlamwwcmncbfmq@@l4 nwﬂéotmeg%st
B VARl by Bl o e bis ol R o bidBaing
purpagerein this'Ebmaughe oterhdng ip ca:lleddlnme)dam fapotitomds saved

for analysis by 10 % TBE-urea gel (Invitrogen)

stained with SYBR green (Ml ecul ar Probes) according
Thtetstetrfs%ueﬁfwrbmtmsesabjeae@t&&gést withBsg L.urne defibit Bgariell i s

shown in Figure 36. WD 2006/048025 PCT/ DK2005/ 000714
subspgtetiheBan was feund3gdhg fingt Ye(dg spawitlsug g dqog) gengeased by

I t
B e R A e
produgadbitaneduafed thetBsal dighst cBsepbndsdo estain&t arvigtaluap Li2e

viRfod SetskEio e e aL s BRBlom nent band withoan |

apparent size in the excess of 1000 nt was observed,
thus indicating a successful Ilgatlon The beads after

1P e pitied tarftgiegre WBewWrisapsed Wih LB ab 10 3 NER3abter ad $00
unﬂgotaﬁ 1%523%%15‘1 4 {361 SHERIDF 950 ALFHe BigedBRis incubated at

observed. This
50°C for 2.5 hours. The DNA was subjected to a standard ethanol precipitation, before it

was applied to a 10 % TBE-urea gel (Invitrogen) for gel purification.

In figure 35 is shown a picture of the gel after SYBR green staining. Uncut DNA was
loaded in lane 1 as a reference. A prominent band migrating with an apparent size in the
excess of 1000 bp is observed (Note the “spil over” from the marker loaded in lane M).
Multible bands were observed in lanes 2-7 where the Bsa I digest was loaded, thus
indicating that the Bsal digest was not complete. However, the band of interest was

excised from the gel (boxed on the figure), and the DNA was extracted from the gel piece



corresponds to undi gested DNA which is seen by
conparison to |lane 2. However, in the supernatant

w0 eaaosdoes Pvu |1 digest (lane 5) a band w th aPCT/DK2005/000714
apparent size of around 600 nt was observed. This
band corresponds to the expected apparent size of
around 600 nt of a successful substitution product.
The fact that it was found i & he supernatant show
that the fresh nodule on position 1 has substituted
tyhke mrusj]ll andIsoaks dudtleodo mthpiord iptecipitatedjand tedésselyed in 40 ul H,O as
ds C% (} 0 nsequent 'y, successful translation, i.e.
olole]s Brr?t &%éfon directed nodul e substitution has been
denonstrated. WO 2006/ 048025 PCT/ DK2005/ 000714 109
Li st of oligonuclotides used in the exanpl es Nane

@%ﬁ%ﬁ%&@%&%&%@w&%@% ooy
R R e P T R AR e ot pi RGN

SEACEBAGACOTIBACEEGACRET TEACTEMAGAGEOA BT G Tightidh aid; apem

%%GGAWTWCT@@?%@UOH (E)wnsg eam

ﬁﬁnﬁ@&tﬂﬁ £B8n&dTing ¥F AP and vip066 will generate a product with a 4 nucleotide
TGGAAAAACCAACCAGA T CCGGT GACXGT CAAGGCT GAI
5x&‘gﬁﬁ1qmg (024l whilpimhis context is called the anticodon. The sequence was

W%%m WTMQE%%%M the codon on position 1

@WE@WH’I(B@(@)&WM bEidlization is capable of
%&tﬁ@&é&ﬂ

Ko ot e plieor i R A o Sructure
Wp2NI 4 aﬂvera b in AT Ag@&@@%;T(GB'BT BUL82SNEnenMi NA Swith
T GCAA TAGGAACC None p029
Romoteytcagheteon MMMEO%% gl T pysggling was performed on

R SRS ARSIt £ P00

ThRET ATGAGEAET GPCT G866 'wem rotxiedh withitiOB® I digested and purified DNA

S-{ar c%%%ATﬁ%%IA‘AhCCS ends \INCI‘C pﬂosphorylated by Polynucleotide Kinase;

12.5 units Polynucleotide Kinase (NEB M0201) were included in a 50 ul reaction

volume in 1 x Ligase Buffer, 50 mM NaCl. The reaction was incubated for 30 minutes at

37°C.

Then, the cognate ends of the molecules were joined by a DNA ligase, which formed a
phosphordiesther bond between the juxtaposed 3’ end of vip066 and 5’ end of the Bsa I
digested DNA, and between the juxtaposed 3' end of the Bsal digested DNA 5° end of
vip271. T4 DNA ligase (NEB M0202L) was added in 1x Ligase Buffer, 50 mM NaCl,
and 20 units/pl enzyme were added, giving a final reaction volume of 60 ul. The ligation

was incubated overnight at 16°C.



vi p046 ACTCTGGAAGXGTCACCGGAT X=ami ne- C6-dT vi p048
GAGGGAGAGCCTCACCTCAGCCTTGACACACACXCTTCCAGA 5' P, X=

W@ 06848005 CGGT C6- dT vi p056 PCT/DK2005/000714
CTCGTTTTCGAGACCGACTCTGGAAGAGTGTGTTGTCACCGGA  TCTGG
vi p068 CAGCCTTGACXCTTCCAGAGT X=ami ne-C6-dT vi p070
CTCTCTCGTGACTGGGTTCCTATTGGEGCTTGCTA vi p076
ACTCTGGAAGXGTCACCGGATCTGG XHam ne- C6-dT  vi p078
GAGGGAGAGCCTCACCTCAGCCTTGACTCTTCCAGAGT GGTT
CCTATTGGCGCTTGCTA vi p132

SUPFEBEPAAACCAACCAGAT CCGGTGACTGTGTGTGTCAAGG  CTGAGGT

THR BFEHROIES § B TBE HEACEEAGACEA T RS BB AR The
me@ﬂ@@a@ﬁW oo SRCHN TN DNLE F TS hree-way

GGTGACTGITGTGTGTI CAA GAG WD 2006/,048025
jummtipn pro @ 0%yabmo bangd betweemthgaginal position 1 and the DNA Star Structure

R Ry AN GBS ER O o eyt

theleﬂ.B SitGhERAMCERE luopihdBe distal end of the 2 7“ stem (see figure 36) thus

W%{ i??oaiegggl% G@‘oth the covalent bond and

thﬂ'@é\ el Aet d el Aetlddh TAYOIEHATH 6Midal CAYGdule and the Star
CCTT CACACACTCTTCCAGAGTCGGTCTCG vip 194 GICAGCTGIG
Stiepng Furtregmarertey Gesh position 1 module was introduced as a part of the three-

way junction.

43 pl of the ligation reaction was mixed with 200 pmoles of vip194 in 10 mM Tris-HCl
pH 8, 1 mM EDTA, 100 mM NaCl, 0.1 % Triton X-100 in a total volume of 60 pl. The
denaturation and anncaling was performed in the PCR machine for 5 minutes at 95°C and

for 30 seconds steps at the following temperatures: 80°C, 65°C, 50°C, 45°C, 30°C, 20°C.

The DNA was then captured on Streptavidin-coated magnetic beads (Dynal). 30 pl beads
were washed 2 x in 2 x BWT (2 M NaCl, 10 mM Tris-HC], pH 8, 1 mM EDTA, 0.1 %
Triton X-100). After the final wash, the beads were suspended in 60 ul 2 x BWT, and 60
ul vip194/Star Structure annealing reaction was added. Incubation was done for 15
minutes at room temperature with gentle shaking. The beads now with the DNA attached
to them, were captured on a magnet and subsequently suspended in Pvu II digest Buffer:
22 ul H,0 and 3 pl 10 x Pvu II digest Buffer was added to the beads, and 5 ul Pvu II (10
units/pl; Fermentas ER0637) were added. The digest was incubated for 6 h at 37°C.

After the digest, the beads were separated from the supernatant on the magnet.

Throughout the procedure aliquots was saved for analysis by 10 % TBE-urea gel
(Invitrogen) stained with SYBR green (Molecular Probes) according to the manufactures
protocol. A picture of the gel is shown in Figure 36.



vi p066 XCTTCCAGAGTCGGTCTCG X=5' bio vi pCsSS
XCAGCCTTGACTCTTCCAGAGT X= 5' bio vip202
WE2BGIGOLT GAGAGGTTGAC Vi p203 ACGTCCGAGT CAGAAGTIRTIZDK2005/000714
Vi p206 CAGGTCGCTGAGAGGT TGACCAGTCACGAG  vi p207
CTCTc TCGTGACTGCACACTTCTGACTCGGACGT vi p224
XACGTCCGAGTCAGAAGTGTG X= 5' bio vip231
AGAGCGAGACCGACT CTGGAAGXGT CAOOBGATCT  X=NH2- C6- dT
Vi p238 TTTTCGAGACCGACTCTGGAAGXGTCACCGGATCT X=NH2- C6- dT
Thg paéiedBrTERACASET GNeTACOTEAGNEd TTlRaetmomdnt band of the

SRR S AN A PR T e Pt of the a1

d@@ﬁ@&%@ﬁ%@é@ﬂiﬁﬂ@é&%ﬂﬁ%@'@i&ﬂ—%ﬂp@mig& (wip Q6B Sras loaded

‘%TEQT;?IACA W& CCCA%& CX PSS Qlfl 1899 gt was observed,

[ Ahd DERHE QR IO st were loaded in lane
CTTGACA CACXCTTCCAGAGTCGGTCTCG X=NH2- C5- vi p271
SreRsTEGAPE NEErTesETe

4@@?@@«@@@@@@@@@&@
S 85% o0 2RI LA0RS LRIt 2 Ml oo
sapectpeat Gain the Bpm Untigess@ind 50 @ vpd with em apfaoamirsing obarstuat 600 nt

PR AHEA- LR Pl gl I b PR ST Pt Ltrolgh o me ot

stidéedsail ueindiod lg)pdd@m TRE falcBaCih @B Sahd GO Suptchalkads show that the
been forned in the reaction center as the reaction

figplomadule on pgsition hbsssubsibivied Bie ogigigpaodulg on ppgtion 1 in the star
Wedo) sition of claim1, wherein the 3 or nore stens
extent radially outwards from the reaction center. 3.
The conposition of clains 1 or 2, wherein the nucleic
Coosaguensiyp pucsessfud trenstationpiree codon/anticodon directed module substitution

has been demonstrated.



codons identifying the one or nore chem cal groups,
whi ch have participated in the formation of the
wo eroeeBoehen cal conmpound. 4. The conpositi on BCODKARHO0714
to claim3, wherein a codon is situated at the
extremty of a stem 5. The conposition according to
any one of the clains 1 to 4, wherein a |loop is forned
at the end of the stem 6. 1PRe conposition according
to any of the claiml1 to 5, wherein a codon is
List pfedtasnuglefides ueedrin thelpxamplsai ri ng part of the
stem | oop structure. 7. The conposition according to

an ne of the clains 1 to 6, wherein an enzymatic
N‘?‘%%t%lg%?l?-eon site is present in the stemloop Modification

viBi0p UCTAIETTEIATHE CASPDSEAA GIETRACOBAATEIAD any ofP t he
viﬁggm TEGAA A AECAWBER 6 Trddtardae@Brd Sa e rof sp
vi

(0]

Pro Rt e ParE o hEER B RbA Tt e Vi
vip(99 65-04802GA GETTLCRREDUBIGUUEAGTGAAGA AGCRI@CT onmpositt i on
vigtd 6 Ok dA d¥h A A ABRETOF G TS cEt@iTEBAdAERc ST Wher ejpn a

| ' t s of stens except
s PeA R e Ao A A Bore POt T o seqmanpecsan
vigld7 TR ALY EEH A COMCAREHTCAGXEBCAMFCIIGAGIHE ¢l aiXgmihe-C6-dT
vipo0s8 %AG@@A@A}thmﬁccmdmaﬁcx@m@cﬁb%@@é@'r SeqUeAG&inl-86-dT

. e conpo i.on
S oGRS PIGR by ORQ SRR 31 o xoamine-coan
Vgl k¢ A G ASTIGIA AyA TRGGTE CTee X GI TORAGHGT GG ase, XRpiAine-C6-dT
vifia! YACTA$RGoGCTEMAIGTeGt ranscri ptase. 12. The None
w@%yplo‘géé [ %C@XX%(%@QC(% o any one of clainms 9 to 11,

erelrn AtAhe P i Ng Si

‘ rinn eis present at the stem°Aot
VIAY | Al A CREEPCTAR.TCTRECAEHPYEIATG on accor di ng t o Namy
vigae fasdrecrbacesdriceTdRrcodianetia a stem conprsipses

i Lo | i east 80% _

‘,%%ﬁﬁ“‘éﬁ%ﬁ?%ﬂ??%CQA%E%ES@%E#%%?%%%@%%n segrent 7

ViROgh s GHPCEOT@YCTREEE nucl eoti des. 14. The 5' biotin

ViR PIIAAAGTCas S TREEAgd 0 ¢l ai m 13 wherein each s piotin

vi i H-Sakih 0Py conprises 18 or nore .

%@I%ﬁﬁgggaﬁé & OA0mosi ti on accor di ng to cPafppese-dT

VIRRAE r & AR R e @IC FONEAGACACHEAT PGy 5'P, X= amine-
GTCGGT C6-dT

vip056 CTCGTTTTCGAGACCGACTCTGGAAGAGTGTGTTGTCACCGGA
TCTGG
vip068 CAGCCTTGACXCTTCCAGAGT X=amine-C6-dT
vip070 CTCTCTCGTGACTGGGTTCCTATTGGGCTTGCTA
vip076 ACTCTGGAAGXGTCACCGGATCTGG X=amine-C6-dT
vip078 GAGGGAGAGCCTCACCTCAGCCTTGACTCTTCCAGAGTGGTT
CCTATTGGGCTTGCTA
vipl32 TTGGAAAAACCAACCAGATCCGGTGACTGTGTGTGTCAAGG
CTGAGGT
vip133 GAGGGAGAGCCTCACCTCAGCCTTGACACACACTCTTCCAG
AGTCGGTCTCG
vipl6l AGAGCGAGACCGACTCTGGAAGTGTCACCGGATCT
vipl62 GGTTGGCAGGGCCCACTAGCTCAGGATCCACCCAACCAGATCC
GGTGACTGTGTGTGTCAAGGCTGAG



attached to the nucleic acid. 16. The conposition
according to any one of the clains 1 to 15, wherein
W0 b@ooksers cal groups prior to reaction are cORGI/BRRI0F/000714
attached to the nucleic acid. 17. The conposition
according to claim 16, wherein one or nore of the
coval ent attachnents are cleaved sinultaneously with
or subsequent to reaction. 1180 The corrpositi on
accordin toa one of the c 17, wherein all
B GRS THA 00 N TS T AT BRT S G 6 eaved
Si MUGCENEERICACACTETTOCASHBT@ERIBITICGt 0 reaction. WO
wgggﬁé@g@@@@tﬁ(:ﬂ DK2005/ 000714 113 19. The conposition
accord| 0 any one of the clains 1 to IS, wherein
Ql‘%‘]&%ﬁ conmpound is formed by reaction of the
wch?e WGHG@WTGACWAGGG%@AW%GAM d and

optI@é@(HcyAc%@G%T@wA%ch;R@r reactants. 20. The
“51233 &}S’]Itlon accor ne of the clains 1 to

R R R A RS A Tehe e
r eacCErM@E MENCASTOTTICanedGWEGEHIcaCoucl eic acid. 21. A

V]bllgbr@f(yA@chﬁ@rrpom tions conprising a plurality of
VId1|91% S%Pécg%%gpos'“ ons according to any of the clains

A nmethod for creating one or nore
viphoe 'XCRICCROAGECARESTCSoNpr i sing the 'steps of - (i )X=5'"bio

viplRO Ve e hichbirerch@@irearri er modul es conpri sifgsy,,
n carrier nodule having i) a
éﬂ?tl ééfcg{caﬁgééﬁg TG‘%Capabl e of hybridizing to a
viphQe | £FETCEEAGTEAGARATGTY the N position carrier
vimod%meTbiAbA@GmAc@A%T@KI:@Aéegm;nt Cap?b| e of
ybr 4 econd position carrier
) %gu(lf]ghzt%(}tﬁ\%aggﬁﬁ‘?gﬁ%&ggh@qé ule(s) (n =from?2
vipg4 NKAGCTIREEARGCAGANET@C aci d segnent capabl e of=5'bio
vippg br Adh @i g Ace a@irdrasicd @tdrcaetdsa gegment ?f th%glihnh Co-dT
segnent capable o
o R o R R P A R S o modurgz S
vigghdl (é@QTG&CNCﬁ@@T@f*%Qﬁ&CAG@GCW%AEQHGﬂ@ a nucleic
aci dcmpRrceeratiaabochyksi di zing to sai d NUGLRKS.ce.qt
vid6! GREHRA G RG N FAN R ORI G 8Nd @ nucleic

CCTTGACACACACXCTTCCAGAGTCGGTCTCG X=NH2-C6-dT
vip269 GGTTGGCACAGCTGACAAAAACAGAGCTCACCCAACCAGAT-

CCGGTGACTGTGTGXGTCAAGGCTGAG X=NH2-C6-dT
vip270 GTGAGGCTCCCGGGTCGAGAGCTATTAATTCCCTCACCTCAGC-

CTTGACACACACXCTTCCAGAGTCGGTCTCG X=NH2-C6-dT

vip271 CTCTCGAGACCGACTCTGGAAGXGTCACCGGATCTGGTTGGGT-
GAGCTCTG X=NH2-C6-dT



aci d segnent capable of hybridizing to a segnent of
said first carrier nodule, wherein at |east three of
W@ a00d/0¢s82% | er nodul es conprise an associ at ed cPEnDE2a005/000714
group (CG situated in the md section between the
hybri di zati on segnents or in the vicinity hereof and
optionally a codon segnent situated external to one of
the hybridi zation segnments; Xlili) contacting said
carrier nodul es under conditions all ow ng
hybri di zati on of said hybridization segnents, thus
IMgi ng said chenmical groups into proximty, where
t he WO 2006/ 048025 PCT/ DK2005/ 000714 114 forned
chem cal compound is associated with at | east one of
1sAicOmpadifidredorifibiletr nidRic AidBidOcheREROEShHEINY Csafd @nfPosition
22 further conprising the step of providing conditions
forming,g $igr SugREs Safingie  eranere siemsicxisnding digmea yeagtiongenter,
wHBRH Be BreARArd RAHLEL N dudidic 5'(}?&* H{l}fle)l\'and t?glg' ShAY. 1%81‘119&5191 has
a continuous nuclelc acid nolecule wt sten}?oop
besnrfgmnad inghearsdction cemiendsdh¢ reegimpquedichstbai moredher@igal groups.
The nethod of claim?22 or 23, wherein the forned
chem cal compound is covalently associated with at
2| Basdonpositioh ofélhith T,avterddi tHell @ Gndre stefils ckiRft 19@BNY BUOME]s from
nucleic acid nolecule. 25. The nmethod according to
the AGACHPN PHECTC| ai ms 22 to 24, which conprises contacting
carrier nodul es under conditions all ow ng
hybri di zation of hybridization segnments, thus
3 ptherrgmpgsitiem ef ¢loigsdradpwhensinghe pedtit edd gempiises byg ommare

] R L I . s ¢ ti
B R L 5 S AL R e
fompsoai afttbefonmed clatmitdasmpond. carri er nodul e; and

conditions allowng ligation of the term ni of nodule
n-1 to nodule n and nodule N1 to nodule N and

4 1RIeRpotifshderd ol A BS wikele] Coddf ikiMEEsUhE e dnlity of a
stem|loop structures and a chem cal conpound
Stglisoci at ed. 26. The method according to claim 22,
wherein the contacting of the carrier nodules is
performed sequentially or simultaneously. 27. The
5.ihelvothpagition aticoglingto@hpbmsof2Re caih2bto Adeeima lobg is formed at

wERADERL gacti ons are

6. The composition according to any of the claim 1 to 5, wherein a codon is situated in

the non-base pairing part of the stem-loop structure.

7. The composition according to any one of the claims 1 to 6, wherein an enzymatic

restriction site is present in the stem-loop structure.

8. The composition according to any of the claims 1 to 7, wherein the loop is capable of

hybridizing to a helper oligonucleotide, thereby forming a substrate for a restriction

enzyme.



performed sequentially or sinultaneously and/or

wherein said ligations are perforned enzymatically or
w@ehb@aiesaks y; and sequentially, or sinmultaneousP@I/DR3005/000714

The nethod according to any of clainms 22 to 27,

further conprising a primng site for a DNA

pol ynerase, RNA pol ynerase or reverse transcriptase

site in at least the first 1ddrrier nodul e and/or at

| east in the N carrier nodule. WO 2006/ 048025

9 P orapos P p atrpdang tppgy poe ofithe clisnhbip & edercit mipopds pragent at
al‘P Qﬁréﬂges ol? %e%#e%srg}\cé% oh® s68s 1oSBARG! 3%@055‘1%1&% 5({](? sequence.

orm ng an enzymatic ex siron reac 7'y
dlsplay t he forned chenlcal conpound. 30. The nethod

Q .Lo any .of clai erein Nis 3,
1 SiPhén Sitkae S 58 PTofFlabmn i MR e Gpmianats
ngodic bl sequebdeds e9matieSE afend®iOCi at ed chemi cal group
(CG situated in the md section between the
hybri di zati on segnents or in the vicinity hereof and
t
oS Rt i B Ly 70 PR h (e &kt didprisp priming
sitgrfpr P& Aopolgimeiass RNA payB@rasevbiacedrse @ansiritasey of mor e
than one conpound is synthesized by having a
repertoire of carrier nodules on one or nore

12pd§he tompssitichaccditimg® hiosheaTe il D 1 Q wherlidWhd briming site is
the re rt0|re on at | east one position

m@%ﬁbﬁtgﬁgmﬁﬁ Ne%l9o%i fferent carrier nodul es. 33.
The nmet hod according to any one of the clains 31 or
32, wherein the repertoire on at |east two positions

1% dip eoropasitign acefaétng 1@anii ¢rcenf et claiznslite 2 oldudie s st

\%ﬂ% erein t bﬂ&% sec Enqs E‘a\Xn ?tll%agg@ E%Hﬁ}e@g?taﬂgr?&dg?Ch

hybﬂﬂmmﬂﬁnmgmbmnbndﬁsofBanﬁhennabhﬂﬁ&accord|ng to any
of the preceding clains, wherein the chem cal group is
associ ated with a nucl eobase of the md section. 36.

14TIrge BRhpAHicAGE 8BS &18inR 1Y whlbrel&clE h it {Msadén %]e%gl%ﬂt

wherein the chemical group is associated wt
COBESphicTanqre pugleqiidsye of the ni dsection. 37. The
nmet hod according to any of the claim22 to 36, wherein
the chem cal group is associated to the m dsection
15t Bhocghpwitenaccarding tecdyial Enthebeinds.chemical compound is covalently

attached to the nucleic acid.

16. The composition according to any one of the claims 1 to 15, wherein the chemical

groups prior to reaction are covalently attached to the nucleic acid.

17. The composition according to claim 16, wherein one or more of the covalent

attachments are cleaved simultaneously with or subsequent to reaction.

18. The composition according to any one of the claim! to 17, wherein all but one of the

covalent attachments are cleaved simultaneously with or subsequent to reaction.



WO 2006/ 048025 PCT/ DK2005/ 000714 116 38. A nethod of

perform ng nodul e substitution, conprising the steps
w®@Reo6m)sops ovi di ng a single stranded conti guousPCIIDKe008/000714

aci d sequence conprising N hybridisation segnents and

conpl enenting hybridisation segnents as well as N1

non- hybridi sing segnents between the hybridisation

segnents and conpl enenting Hybridisati on segnents, b)

hybri di zing the nucleic acid under conditions favoring
19nTheamn1pestubapcq¢ydang i anziohoof the claanebip ¥ mievsin the chemical

Cgli(-l)”lg{;}:l_nl ds osrmgngly éa%tu%c fdthe %es'rll&"fl?}ou Qgéa%ilgd t!aqm!\htﬁclelc acid and

one uci ng
o§&M@H§bﬁﬂbﬂmokﬂhnhahamehm creating an overhang whi ch
at least contains a codon segnent; d) providing a
first group of carrier nodules having at least: a

20 Ui EdotnpRSitidn 5&:%[@1% toCAP 3RS 6f AE cRWRY 1 B B, RGefeth habfe or more
stem a nucleic acid segment —capable of hybridizing

reagtentsarafrequeadtanihneidjssocaird vethehpuddpacidpt i onal 1y an
associ ated reactive group, and an anti-codon segnent;
d) providing conditions allow ng hybridization of
2¢ oAl dibraay of @mtposttiodocoms@iimgrd Murabitydf déeferpmt @umgosigons according
ondltlo s. al | owing enzymatical or chemnical |igation
t%@”§§] ﬂ?ﬂpﬂdpgb carrier nmodule to the recessive
term ni of said overhang; and performthe steps of: i)
digest with a restriction enzyne the stem or Ioop of
h/g mgthosh fpoesgating] ane O moterhesigalistEsHEes WwapLisingdhe Hewsoby

(BN XTI IBNGD ol S RIhpEGRL: 0 2 next cadon

and i) denaturate t cfeic acids; and
|||)(hyhhs@nmémund@ﬁrumddehawmg favoring

Istnterr.n! erI g ugagd%%g Zq%/hl% ﬂh g}zf{%:ta a&{ﬂfz{% ag{d\l'egment of the

conta”ﬂmn@n&an@rnﬁmnk gmadon segnent; and iv)
optiognal Iy provide conditjions allow ng reaction of

sai d 2aR¢lFigacigsegpant copeblest hybradizipg HORISCBIEH Qi second
CO”DPHﬁﬁ’oﬂéaéﬁTﬁHé‘du?é ed with at | east one of said

carr
(2) n position carrier module(s) (n = from 2 to N-1) having a nucleic acid segment

capable of hybridizing to said nucleic acids segment of the n-1 carrier module,
and a nucleic acid segment capable of hybridizing to a segment of the n+1 carrier
module, and
(3) a N position carrier module having a nucleic acid segment capable of
hybridizing to said nucleic acid segment of said N-1 carrier module, and a nucleic
acid segment capable of hybridizing to a segment of said first carrier module,
wherein
at least three of said carrier modules comprise an associated chemical group (CG)
situated in the mid section between the hybridization segments or in the vicinity
hereof and optionally a codon segment situated external to one of the
hybridization segments;

(ii) contacting said carrier modules under conditions allowing hybridization of said

hybridization segments, thus bringing said chemical groups into proximity, where the



v) provide a next group of carrier nodul es having at
| east; a nucleic acid segnent capabl e of hybridizing
w0 eosisi2st em and a nucleic acid segnent cape@i/BKeG05/000714
hybridizing to the stem of the adjacent steml oop, and
optionally having a reactive group associ ated, and
havi ng an anti-codon segnent; WO 2006/ 048025
PCT/ DK2005/ 000714 117 and Mil¥ provi de conditions
all owi ng enzymatically or chem cal |igation of
fompd tleiinyiedl cempeundris pseridted withiahksast @oe sbiaikcariermarulaf
sai d overhang; and repeat steps i) through vi) N1
times; and f) introducing a break in said steml oop
23 A method ecoedisg ®tdlaig Pautthalconlprisiap ehef stepsif pgrvadipg Odnditions
arrier nodules at |east, | eayin i d apti-codon
a3 RerEB o i o S| &8 e BATe P apd moddanGs togdule N,
theeb§l Edrafing Aédnfitudul SubléR!BidinRebuls witR B@n{bop ¥ dugleZAdath
under conditions favoring intranol ecul ar hybridization
chepdead pympIgiapigciRtedl st em | oops and one stem and i)
optionally, providing conditions allow ng reaction of
said reactive groups, where the forned chenical
24 dirp metidel odickin 82 oc2 Htvdrrein the fatmdderhsmicah@ngfousdistovalently
carrier. ule. 39. The method according.to claim 38
s e iR R e DB SR P S P e HOR BRITS p
malecils. obt ai nable by a nmethod of clains 22 to 37, but
wi t hout including the chem cal groups (a dumry
l'ibrary). 40. The nethod according to claim 38,
2 c 21,69 :
2SR e AP e B o e 2 36, RO R, porhheiRe
camir mowiludes codaticogditionsalllaivingdybridizetia of hyhadieattoarssgroents, thus
mﬁ{odqucgg g}ain&ZQaus aqplifje% by PCR 42. The
SR AYR SFUPR TG 2GRS PEPIPHE ®ai s 38 to 41 ,
prodidingi conditienseibivirgueatsion o€ teatitve @6upd, WREYERIBhA dikfifval
g{, Q%. or c) .is obtained by imubilizing the sense
cogipoundisgpsocitedpam at lsagRnecaist srodple; @rdsupport
condRibAd AR ihdBRiBh bfth WBRREilof nRIduRM- DS hOGIS R ASEMDEABN-1 to
to self- hybridize so as to formthe star structure,
megvde N ithpnedlyl frmibg eerkinngus iveleit avid mpteadhiwity stdneloop
sn’%lgt!ut'éshﬁé@ b lcRAiT o%&%{nll]ﬁc’dt ars%"cg:ctia% W th the solid support,
thereby ng

I peratl e star Structure

26. The method according to claim 22, wherein the contacting of the carrier modules is

performed sequentially or simultaneously.

27. The method according to claims 22 and 26, wherein the chemical reactions are
performed sequentially or simultaneously and/or wherein said ligations are performed

enzymatically or chemically; and sequentially, or simultaneously.

28. The method according to any of claims 22 to 27, further comprising a priming site for
a DNA polymerase, RNA polymerase or reverse transcriptase site in at least the first

carrier module and/or at least in the N carrier module.



fromthe solid support. 43. The nethod according to

claim42, wherein the self-hybridization is perforned
whoocioseant cool i ng. WO 2006/ 048025 PCT/ DK200B¢ DDRZM4/000714

118 44. The nethod according to claimd42 or 43,

wherein the breaking of the stemattaching the solid

support and the re-folded star structure is perforned

mﬁth a restriction enzyme. 1485, The nethod according

any of the clainms 38 to 44, further conprising the

2%tTé15 H@Fhoda?&mrﬁglgéo Al ensrof dhe daims P o 28, demposipt @TVEfnﬂ]mrytep

I st.e
Rl S e R S S O e e s
cammpoyn®g i n the loop. 46. A conposition conprising a

structure of nucleic acid and associ ated chem ca
conpound or a library of nore than one of such

305 (The! etetHodicdliak i yeofRYaims DBt whbred ™) is 914, 5N€0r 7 and in
claims 22 to 37. 47. A method for screenlng alibrary

PASHOWiAS Ve e i PRI therrarries 10 ebﬁﬁ@nme@@pwwd@bemwal group
(C@)%ﬁhé%@(?gl thé grﬁél ?écﬂglggetwgé?% zattLlaﬁ sg‘égﬁé?% eq}?cmlgy

brary rary ne aV|ng

h%mf}@@@mdocwn sdewentsitugiedreernal to op@@ﬁtht h}dn'ldf@tlbiﬂ eegments

i brary menbers having desired property fromlibrary

menbers not having desired property; and thereby
3lobhaineiliog aadording ltcC.h@Can @0tlaids 12 6138] Wherehabtar dY kidgk than

desi red f ﬁ@ The method according to claim
0“2?0%@152‘ i ‘Zﬁ‘é{oﬁ BaVingp taRENOTE MRS FOdksE PR P more
posfiienfiucl ei ¢ acid of the menbers of the enriched poo

said nucleic acid being indicative of the history of

the chem cal reactions. 49. The nethod accordlng to

o A LGS SO R B RR R SRE SR

coarpcnsafscht hegstt 1@ chffaieﬂtscaﬂ%l @foddB8s. 50. The rret hod
according to claim 38, wherein the breaks in stens or
| oops are introduced by restriction enzynmes, RNase,

33FIROMEELE a6 rdihg to MYRBUEHE @ﬁﬁné@ 1 b0 32°ARMRerkin tlg P%g%%lre on at

chem cal cl eavage or photo cleavage. WO 200
leasityyompestiions owomrises atflgayt 10 different carrier modules.

34. The method according to any of the claims 22 to 24, wherein the mid section

comprises a chemical bond or 1 to 20 nucleotides.

35. The method according to any of the preceding claims, wherein the chemical group is

associated with a nucleobase of the mid section.

36. The method according to any of the claims 22 to 34, wherein the chemical group is

associated with a phosphodiester linkage of the midsection.

37. The method according to any of the claim 22 to 36, wherein the chemical group is

associated to the midsection through one or more covalent bonds.



51. The nethod according to clains 49 or 50, further
conprising that the chemcal reactions are perforned
wG@eweestoeal | y or simultaneously. 52. The net hoPICT/DK2005/000714
according to any of clainms 49 to 51, further
conprising a primng site for a DNA polynerase, RNA
pol ynerase, or reverse transcriptase at |least in the
first carrier nodule or thél®N carrier nodule. 53. The
met hod according to any of clainms 38 to 52, wherein
3& Hemetbad ppasfopsmmganaedude sbptéiutiore qorapidsg GF stepepf a)
i.ncl.udes =Y o r h eps
o) 5PV 3 s g B R ERAIS a0t SRS tpivRedL G
hybtidisatioi @gmes avdebriiploneringdybtidibaidn sbgixmg 35 wéelt & N-vitmon-
onsecutive restricti enzynes, which . elinjnate the
hYg’EgbﬂW@PFWE‘ﬁ‘éf n %s?%wﬁs IR STERARISETA SORRERINERE and
hybliRish®sBdeBmbgts st ruct ure, denaturing the digested
structures, allow ng rehybridization of the nucleic

b)dwbrdizing dirremicteiq 2aidindes ceiidifioss dayosing indtagiodesular Rykyidization,
. ) . ¢ .
thaje{)?wr% £§0ﬁgﬁ%ggﬁ8eﬁ acly chi%ls?&o%ta%ﬁhggli-f Qt%ﬁl'-BQ%s dalnﬁé),ne

spet e 1n question to aln br
stamd |igation of the appropriate termni. 5.4-The
OB BBRP A BFRT S tHR Lo G BRAESHETRE T AEh ot las

coh @ikkef dodbn @fgndche first generation library is added
before allow ng rehybridisation. 55. The nethod of

dgreyiding 3 firghgeupiod carriepmedules havingrat deabt i er nodul es not

§ . - . . b
U3 e ORI CER SRn ha
capailt ofihybiridiAireg tntiBstemio€ areadjacent stersoapnoptionally emadsatiateld

library is subjected to the steps of claimb53and the
TeRHYE &8 pr@?fﬁntalnﬁ'sco SbiEERF th the remai ni ng part of
d)tpeviging cekttbns lailb% iz thybridization of codon and anti-codon segments; and

e) providing conditions allowing enzymatical or chemical ligation of said hybridized
carrier module to the recessive termini of said overhang; and perform the steps of:
1) digest with a restriction enzyme the stem or loop of the stem-loop adjacent to
said codon sequence thereby making overhangs which at least contain a next
codon segment; and
ii) denaturate the nucleic acids; and
iii) hybridize under conditions favoring intramolecular hybridization thereby
forming N-1 stem-loops and one stem with overhang at least containing said next
codon segment; and
iv) optionally provide conditions allowing reaction of said reactive groups, where
the formed chemical compound is associated with at least one of said carrier
module; and
v) provide a next group of carrier modules having at least;
a nucleic acid segment capable of hybridizing to said stem, and a nucleic acid
segment capable of hybridizing to the stem of the adjacent stem-loop, and

optionally having a reactive group associated, and having an anti-codon segment;
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and vi) provide conditions allowing enzymatically or chemical ligation of
hybridized carrier module to the recessive termini of said overhang; and
repeat steps i) through vi) N-1 times; and
f) introducing a break in said stem-loop structure consisting partial of said first group of
carrier modules at least leaving said anti-codon segment connected to said first carrier
module; and
g) denaturating the nucleic acids; and
h) hybridizing under conditions favoring intramolecular hybridization thereby forming N-
1 stem-loops and one stem; and
1) optionally, providing conditions allowing reaction of said reactive groups, where the

formed chemical compounds are associated with at least one of said carrier module.

39. The method according to claim 38, wherein the contiguous nucleic acid sequence of
step a) is obtainable by a method of claims 22 to 37, but without including the chemical

groups (a dummy library).

40. The method according to claim 38, wherein the contiguous nucleic acid sequence of

step a) is obtainable by a method of claim 29,

41. The method according to claim 40, wherein the extension product of claim 29 is
amplified by PCR.

42. The method according to any of the claims 38 to 41 , wherein the contiguous nucleic
acid sequence in step a), b), or c) is obtained by immobilizing the sense strand of the PCR
product on a solid support, isolating the solid support, allowing the sense staﬁd,to self-
hybridize so as to form the star structure, and, optionally, breaking the stem attaching the
self-hybridized star structure with the solid support, thereby liberating the star structure
from the solid support.

43. The method according to claim 42, wherein the self-hybridization is performed by

instant cooling.



WO 2006/048025 PCT/DK2005/000714

118

44, The method according to claim 42 or 43, wherein the breaking of the stem attaching

the solid support and the re-folded star structure is performed with a restriction enzyme.

45. The method according to any of the claims 38 to 44, further comprising the step of
adding a helper oligonucleotide complementary to a sequence of a loop, prior to a

digesting step, to create a double stranded substrate for the restriction enzyme in the loop.

46. A composition comprising a structure of nucleic acid and associated chemical
compound or a library of more than one of such structures obtainable by a method of any

of the claims 22 to 37.

47. A method for screening a library of more than one chemical compound prepared as
disclosed in claim 29, comprising the steps of:

probing the library for library members having a chemical compound of desired property;
partitioning the library members having desired property from library members not
having desired property; and

thereby obtaining an enriched pool of library members having desired property.

48. The method according to claim 47, wherein the method further comprises amplifying
the nucleic acid of the members of the enriched pool, said nucleic acid being indicative of

the history of the chemical reactions.

49. The method according to claim 38, further comprising reassembly of chemical

compounds encoded by the enriched library members according to claims 47 or 48.

50. The method according to claim 38, wherein the breaks in stems or loops are
introduced by restriction enzymes, RNase, Endonuclease 111, endonuclease VIII, APE]1,

Fpg, chemical cleavage or photo cleavage.
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51. The method according to claims 49 or 50, further comprising that the chemical

reactions are performed sequentially or simultaneously.

52. The method according to any of claims 49 to 51, further comprising a priming site for
a DNA polymerase, RNA polymerase, or reverse transcriptase at least in the first carrier

module or the N carrier module.

53. The method according to any of claims 38 to 52, wherein the contiguous nucleic acid
sequences of step a) includes nucleic acid sequences prepared by the steps of:

digesting intermolecular hybridized nucleic acid structures derived from an enriched
library with two consecutive restriction enzymes, which eliminate the covalent linkages
between the module in question and the remaining structure,

denaturing the digested structures,

allowing rehybridization of the nucleic acid fragments from the digested structures, thus
allowing for exchange of a nucleic acid fraction specifying the module in question to
obtain breeding, and

ligation of the appropriate termini.

54. The method of claim 53, wherein nucleic acid fragments representing carrier
modules, not present in the formation of the first generation library is added before

allowing rehybridisation.

55. The method of claim 53, wherein a repertoire of carrier modules not used in the

formation of the first generation library is added before allowing rehybridisation.

56. The method of claim 53, wherein a fraction of an enriched library is subjected to the
steps of claim 53and the breeded result is pooled with the remaining part of the enriched

library.



