WO 01/ 36624 PCT/ EPOO/ 11197 H GH ORDER NUCLEI C ACI D BASED STRUCTURES The
present invention relates to nucleic acid based nol ecul ar structures that

bind to other nolecular entities, especially entities other than nucleic
aci ds 5 WQHSSes. I n particular, the invention rel ates F&TAFOPEIE aci d

based nol ecul ar stHiGH @RPER NUGHEIGACHIBASEDaSSTRUGTURESough binding to
specific nolecular targets and thereby influencing disease states. The
invention also relates to nucleic acid based nol ecul ar structures with

di agnosti??ggr 4t inbéntioterctates 18 ndicRA adl8YdsRdioREaMr S UEAITRS hdt ARG Of
matter that are able to specifically alter the activity of particul ar

prot ei ns @ otmedmialeeulahentities, especialipenties otheulthan gopleipaddacts. | n
particular there is, a desire for. nplecul es abl e . m. specific binding
i nter aétiW%ﬁ_'\"ﬁs'p{mg?ﬁ%[aéc{hee'gv%ﬂ%o% _%’@FE% IWE%(B{‘ gé'?c%?%ﬁo'?@&ﬁu to
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desires, nethodol ogi es have been devel oped to_enable the creation of
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of matter. ert.i,nent .ex le is. t i S eckficity of binding
found in f’Hée%??'ggjtﬂ?e%ﬁggﬂlgarasiwcg&?gra @?éﬁ??%c%ﬁy't echnol ogi es now
exi st for 20 the devel opnent of nonocl onal anti bodi es and reconbi nant

derivatives thereof. These have provided a nunber of therapeutic drugs and
many dicagitoste ts agieatrdasirgrtorprovigescomposiiqnsoipnaligt that are aEmoei n

mol ecul es_and_ as, s Lan. Q ol - US| i i

Al ternati ?chHB?lfyyglg%}n‘ﬁ%é‘tC?& It%PEg?ﬁguwnéqggﬁﬁgpﬁ‘g@g%ggmg%%B?ué%gg These
are nol echafif gsiegrdduers alrdparticalar Bierkiib aatesireffos muléeulesableatd fant
nol ecul es of the sane chem cal class, and in general S?I' ected using a

scr eeni ngspeeifiemintivgitterretionsyyito gies replecyes @odisshecialdPaplei i ¢ t ar get

or some aspect of .j AR : i L, chemcal libraries
of small chﬁggwfeaébheggﬁﬁteéeonécgﬁ'cc lggg}gz\gﬁﬁﬁgh?gn 1? %"?ﬁ@éﬁevm oprent of
convenis onal small nol ecul e pharmaceuticals but libraries of synthetic

peptides 30 and synthetic nucleic acid nolecul es a{e BOW alaz)i ggé:ereened for
pot ent i al Againsithése drsirepneihegolaes have APeR deyplaped teignable the t he
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compositions of matter. A pertinent example is the exquisite specificity of binding
found in the antibody molecule and several significant technologies now exist for

20 the development of monoclonal antibodies and recombinant derivatives thereof.
These have provided a number of therapeutic drugs and many diagnostic and
research tools. All such products are protein molecules and as such can only be
oduced using biological systems. Alternative wholly synthetic binding
moiecules have been produced. These are molecules selected from a diverse

25 library of similar or variant molecules of the same chemical class, and in general

selected using a screening system providing a surrogate of the desired
therapeutic target or some aspect of its activity. The screening of vast chemical
libraries of small molecules has been a classical route to the development of
conventional small molecule pharmaceuticals but libraries of synthetic peptides

30 and synthetic nucleic acid molecules are now also screened for potentially useful

therapeutics.

For libraries of nucleic acids, the technical approach has in general been the use

of single-stranded RNA or DNA molecules of defined unit length. The basis of
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pre-configured and may be dependent on ,secondary structure formati

Wit hin twg’ BRe62¢or RNA) molecule itself facilitating bi nBF'ﬁ@P{J%"ﬂ% ot her
nol ecul ar entity (Bock L.C. et al 1992 Nature 355: 564-566; Kubrik, MF.
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pol ynucl eoti de ki nase activity have been evolved by iterative cycles of
selection (Lorsch J.R & Szostak J.W 1994 Nature 371: 31-36), and 20 short
si ngl e st MaedeesBhNnvehton rdstdsdeedyet highedrdet sucleipaditi stroctureglanyg to
specific |nh| EI ti onf of hhurr@g %fSSphOI i pase A2 (Bennett C.F et al 1994

Nucl ei i ROVESUERSOT 94eh 3% Ot hers have i ndependent!y devel oped
either RNA or DNA based aptaners capabl e of binding and i nhibiting sone of
the functions of human thronbin (Bock L.C. et al 1992 Nature 355: 564-566;
Kubrik, MSevesal tapesafm@wonsiachgcleim@¢id§tm@wre9_2feZawnzia:ﬂ&) pricx adr types
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process such as polynucleotide kinase activity have been evoived by iterative

cycles of selection (Lorsch J.R. & Szostak J.W. 1994 Nature 371: 31-36), and

20 short single stranded DNA molecules have been selected capable of highly

specific inhibition of human phospholipase A; (Bennett C.F et al 1994 Nucleic

Acids Res. 22: 3202-3209). Others have independently developed either RNA or

DNA based aptamers capable of binding and inhibiting some of the functions of

human thrombin (Bock L.C. et al 1992 Nature 355: 564-566; Kubrik, M.F. et al

25 1994 Nucleic Acids Res. 22: 2619-2626).

Other types of high order nucleic acid structures include “branched-DNA” (Horn,
T. & Urdea, M. S. 1989, Nucleic-Acids-Res. 17: 6959-6967) whereby one or more
regions of a DNA molecule ("probe") which hybridizes to a complememtary

30 nucleic acid molecule can themselves be subjected to hybridization to other DNA
molecules in order to amplify the amount of DNA associated with the DNA probe.
However, the complexes described by Horn and Urdea (ibid) are linearly
extended whereby newly hybridized nucleic acid molecules are not designed to

hybridise to molecules previously annealed but to other incoming new molecules
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and triangular notifs nultiply connected into a lattice have been
described (Chen J. et al 1989, J. Am Chem Soc. 111: 6402-6407; Zhang et
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randoni sed or sem -random sed nucleic acid structures. In relation to novel
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these cases 1s nucleic acid to nuclei'c acid. These features (translation

nmodul at i opriomant ldeies retintitde gaemetric siciciutssnuhich)aramet ictosedn(i.eagnds o t he
ligated). The prior art does not include geometric structures which include
20 regions of modified nucleic acids and does not include geometric nucleic acid
structures conjugated to other molecular entities. The prior art does not include

the use of libraries of randomised or semi-randomised nucleic acid structures.

In relation to novel uses of high order nucleic acid structures, it is recognised that
25 exploitation of “low order” nucleic acids as therapeutic and diagnostic molecules
per se is known in the art. In particular there are many examples of nucleic acid
molecules with potential and or actual therapeutic activity. These operate either
as antisense molecules, triplex reagents or as RNA molecules with
endoribonuclease activity (“ribozymes”). In all of these guises, the modality of the
30 therapeutic nucleic acid is as a modulator of protein expression by a mechanism
of action that reduces or blocks protein translation. The specificity of target
binding in all of these cases is nucleic acid to nucleic acid. These features
(transliation modulation, nucleic acid to nucleic acid binding) are in contrast to the

modality of the present invention. A distinctive and inventive feature of the



nodality of the present invention. A distinctive and inventive feature of
the WO 01/36624 - 4 - PCT/EPOO/ 11197 resent invention is the use
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consi dered al though US. Pat No 5,278,051 specul ates p055|ble utility as
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random s nuc eot| Fﬂﬁﬁ#ﬁg@ﬁ%gg{eﬁgﬁﬂgmggﬁrg ﬁo'ﬁsh Pbgnﬁ%gqﬁr&gr nucI eic
aci d bassmeaitlatestpossible atijitygest sdubibsiog legentobdecantaliedmeidasesvehicas der
proteins. 20 Structurﬁs of L'&he present invention exploit the Watson-Crick
base pai r$hglmelgsulehe l&&ri ng regi ons of doubl e stranded structure.

Si ngl e-stranded nucl ei c aC| d nol ecules have the ability to anneal
(hybridise) to other single-stranded nolecules by virtue of

conpl emenAdirst gspest wé tre ptmeba'srwsntiw\'relateSSt@d‘ro\/@éb?@hzﬂdannaejleimgcidf t wo
si ngl e- stra €H£d mol ecul es ads to a linear anded

nol ecul e, PUUELHIRS. molﬁaﬁy 8&%888&1%%0 Fg}"dé'f(%ﬁergH'ﬁ% nﬁ%en H%ops where

one ol ecpl.enfigs als’bt ek t@@ﬁ@uﬁlﬁy of ggamlsﬁnemr@é b&.xph@ﬂﬂa%uﬁrda@%nwr e both
ends of each single-stranded nol ecul e have nutual conplenentarity. Wth

strat agi cdidgsigtic agesisngltes weahd@alswel%ee tabigdn @rdqueuclesq acgiddiasedual
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randomised nucleotides. The invention also relates to high order nucleic acid
based structures conjugated to other molecular entities such as proteins.
20
Structures of the present invention exploit the Watson-Crick base pairing rules in
engineering regions of double stranded structure. Single-stranded nucleic acid
molecules have the ability to anneal (hybridise) to other single-stranded
molecules by virtue of complementarity between the bases. Whilst such base
25 annealing of two single-stranded molecules usually leads to a linear double-
stranded molecule, other structures can be produced for example hairpin loops
where one molecule has internal base-pair complementarity and circles where
both ends of each single-stranded molecule have mutual complementarity. With
strategic design of single-stranded nucleic acid sequences, individual molecules
30 can be designed which can simultaneously anneal to two or more other
molecules and if, in turn, these other molecules can also anneal to further
molecules including molecules already involved in annealing, then complexes of

nucleic acids can be formed.
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structured native formas a doubl e helix, readily cover large parts
of t hasexpoasdement hebvern masestwoamqsqasomfernnlewleecbutelso suppedat thiec ul ar i f

e ool oo o el U SRS R AR SRR bR s, T
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short (<58pm. A larger globular protein such a bovine serum albumin with molecular
weight 68kDa is 5nm in its longest dimension (Cohen C., in Wolstenholme
20 G.EW. & O’'Connor M. (eds), Ciba Foundation Symposium, London, J & A
Churchill, 1966). The diameter of the double stranded helix is in itself 2nm and
DNA strands of a small number of base pairs such as 100, would achieve a
contour length approaching 30nm. Thus although the density of DNA or any
other nucleic acid molecule is much less than a typical protein, the topoiogy the
25 DNA molecule, even in its most structured native form as a double helix, could
readily cover large parts of the exposed surface of almost any protein molecule.
In particular if the topology of the usually monofilament DNA were so altered, the
DNA could occupy a large area of space in a manner more akin to a much higher
density protein molecule. It can be recognised that assembly of nucleic acid
30 structures composed of multiple interconnected strands each of only short (<50)
nucleotide tracts can readily result in structures with overall dimensions in the
range 10-500 nm. It is a particular objective of the present invention to provide

for such a formulation of nucleic acid molecule.



nucl eotide tracts can readily result in structures with overall dinmensions
in the range 10-500 nm It is a particular objective of the present
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side of a 6-faced cube. The structure is open (not covalently closed), flexible and
20 in particular further embodiments amenable to modification by the addition of

other functional or structural groups.

In one high order nucleic acid based structure of the present invention, there are
provided nucleic acid molecules each comprising 2 or more domains of self-

25 complementary sequence enabling the nucleic acid molecule to fold upon itself
and to interact with each other to form a particular three-dimensional molecular
structure via specific base-pairing events. For certain applications, it is
recognised that chemical instability of unmodified DNA molecules has been a
significant problem for uses such as therapeutic. Several approaches are now

30 available for protecting DNA molecules from degradation by enzymatic attack.
These generally include the use of modified phosphodiester backbones
(methylphosphonate, phosphorothioate, peptide nucleic acids) or capping 5" and
or 3’ termini using phosphoramedite, phosphorothioate or phosphorodithioate

linkages. It is a particular objective of the present invention to exploit modified or
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synt het i C22U28137 2pptaliGP anics@ntdle WHgepytise ﬁfo@mem@ufbleétméaes-(ml ecul es
such as reconbi nant plasm ds. The structures may be built
pentynyl)-2'-deoxyuridine was used in place of thymidine in a pool of random
oligonucleotides. The present invention includes molecules composed of tracts
20 of single stranded nucleic acid, interspersed with tracts of double stranded
structure, and other chimeric molecules synthesised to contain different chemical
sub-structure but joined exploiting conventional base-pairing rules. Such

structures may also combine molecules of DNA and RNA.

25 Higher order molecular structures of the present invention are assembled from
individual or multiple nucleic acid molecules according to any scheme present in
the art and may include synthetic nucleic acid species or fragments from much
larger molecules such as recombinant plasmids. The structures may be built
following self-folding (auto-assembly) or facilitated folding of a single linear

30 molecule of DNA. Facilitated folding may be mediated by proteinacious entities
(enzymes such as ligase, topoisomerase, endonuclease, polymerase) or via
interaction with non-protein physiochemical conditions (pH, temperature, ionic
conditions). Alternatively and or in combination with the above, the molecule may

be assembled by interaction with molecules bound to a solid matrix, or whist the



follow ng self-folding (auto-assenbly) or facilitated folding of a single
| inear 30 nol ecule of DNA. Facilitated_ fol ding may be nedi at ed 1y

prot ei naWOP6@htities (enzymes such 8s7i gase, topoi sonBfLERINT1Y7
endonucl ease, polynerase) or via interaction with non-protein

physi ochem cal conditions (pH, tenperature, ionic conditions).
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sequence tra
the Iength of any given variable domain. It is preferred that n separate population
20 of sub-unit are mixed in a single cycle of annealing to create a library of multiple
nucleic acid structures and individual sequence diversity. It will be obvious that
other embodiments may include multiple cycles of annealing and multiple values
of the whole integer number n. A particular feature of the library under this
scheme is the ability to modulate the degree of complexity of inter-subunit
25 interaction by judicious design and placement of the complementary or guide

sequence tract.

A third aspect of the present invention is the novel utility of high order nucleic acid
based structures, especially for pharmaceutical and diagnostic use. In this

30 aspect, these structures are capable of binding to a specific target molecule,
commonly a protein or proteinaceous target molecule. Where the preferred
embodiment encompasses a single protein target, further embodiments are
envisaged whereby the target is a protein complex comprised of multiple protein

sub-units such as a cell surface receptor, collectively bound by a molecule of the



A third aspect of the present invention is the novel utility of high order
nucleic acid based structures, especiglly for pharmaceutical and

di agnostW@ 0324 | n this 30 aspect, these structures are cHpEBY® 1817 nding
to a specific target nolecule, commonly a protein or proteinaceous target
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desired targets for disease nodul ation and in particular in respect of
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contributing none of the di sadvantages of conventional protein
series are desired targets for disease modulation and in particular in respect of
diseases of auto-immune component.
20
The invention is designed to have particular widespread application in the field of
therapeutic molecules. Molecular structures of the invention are desired to
agonise or antagonise particular receptors or enzymatic processes for therapeutic
benefit whilst contributing none of the disadvantages of conventional protein
25 therapeutics such as immunogenicity. The invention therefore extends to a
method for treating or preventing a disease or condition, the method comprising
administering to a subject an effective amount of the molecular structure. The

invention also extends to the use of such structures in in vivo and in vitro

diagnosis.

A fourth aspect of the present invention comprises high order nucleic acid based
structures with modified nucleotides included in the structures. Separate from or
in addition to the diversity imposed by the above second aspect, it is particularly

desired to impose diversity by the derivitisation of the sub-units of the library and



25 therapeutics such as inmmunogenicity. The invention therefore extends to
a nethod for treating or preventing a sease or condltlo hod
conpri si W 018§%4%ni stering to a subj ect g?l effective am)untP fEPP‘ﬁbﬂﬁ%l ecul ar
structure. The invention also extends to the use of such structures in in
vivo and in vitro diagnosis. 30 A fourth aspect of the present invention

corr}:)r i sezoh%lﬁh%ﬂu‘é‘r‘s'ﬁﬁ@lf giqdified Bases during thelcsyntbesisi(thiolatad baseas,
t t t
el o oy BRI BaseS, AP G IR SER BEEE ol PYRls, d Pidfifibeps *©

t he di versity’Inpose ove second aspéc

desired t fibiafposit diwﬂsﬁtslettyh@botmmedevemftse@qaénoe cofnpidaﬁuowéhmeqlserﬁ&e t he
library and WO 01/36624 - 10 - PCT/EPO0/ 11197 or t he inclusion of

nodi fied IRNGER igakianed hereh Parmetars cap rhe(fr@dewmblas%eélnedﬂirwts 1 at ed
bases, epﬁlftga?%nt@iéﬂrrgﬁ?g‘%ﬁvﬁér%ﬁ@ ﬁ?@%ﬁ%ppﬁfc%tl%ms THYS, hl@l‘j] B YuhiX SIcRE

I|brary W e bo eve sequence corrp05|t|on and
sequence straoc@irés wdll alsbaacwmin rﬁu«tlﬁe@@uamldes capableeoffoom@hmtmarncl@laf i ned
limts for 5 different I|brar|es and eregteeméget appl i catjons. The

hi gh or defehiied ATRPRHUPE 10 §1¢ BEHEHER3 fipngi jaerstRRIliR| eot i des
capabl e Obififfly RiddUISdRas LBl ar slﬂﬁ%c{q@ﬁbr%ﬁ ARSI SodifcdiffisThayBeU" ©
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second aspect he i nveption and include the use io of hydr.ophobic
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vitro and'in vivo. The chem cal conposition of the nucleic acid structures
i s hi ghi y proteinsesudhais abwantiblogly orlee enaysieal si ze of the nol ecul e requires

control to mnimse shear 20 danage in solution and naxi m se functi onal
utility in vivo. For this reason, the preference of the invention is for

e LB IS 5 ALl R aR st o S0 S
vivo. The chemical composition of the nucleic acid structures is highly influential
but also the physical size of the molecule requires control to minimise shear

20 damage in solution and maximise functional utility in vivo. For this reason, the
preference of the invention is for multi-chain nucleic acid structures constructed
from generally small (<80mer) sub-units. Alternatively, the exploitation of a
structure composed of larger sub-units (>80mer) may be desired and equally fall
into the scope of the present invention.

25
A fifth aspect of the present invention comprises high order nucleic acid based
structures attached to other molecular entities. In particuiar, this aspect includes
nucleic acids attached at one or more specific sites to one or more specific sites
on the other molecular entity whereby specific attachment to the nucleic acid is

30 facilitated by modified nucleotides as in the fourth aspect of the invention. In
particular, this aspect comprises high order nucleic acid based structures
attached to pharmaceutically or diagnostically relevant molecular entities whereby
the nucleic acid binds to specific molecular targets relating to disease and the

attached molecular entity is then used to combat or detect the disease.



structure conposed of |arger sub-units (>80ner) may be desired and equally
fall into the scope of the present invention. 25 A fifth_aspect of the
present WRMER2dn conprises high order nucleic acid basedPCE&P%]clﬂlWes
attached to other nolecular entities. In particular, this aspect includes
nucl eic acids attached at one or nore specific sites to one or nore
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A correspon eFFc acid structure aracterlze In that the
structure It&afmdmmayrammmmomleetmuwsedc acid nol ecul e strands. A
correspondi ng poly-nucleic acid structure, characterjzed in that the

structure® A CPHESRENGNIANEBUBIEIGRFIE stiyetuse ccharpatenged duthatdhe stusture

is formed by two or more nucleic acid molecule strands.

e A corresponding poly-nucleic acid structure, characterized in that the structure
is formed by three or more nucleic acid molecule strands.

20 e A corresponding poly-nucleic acid structure, characterized in that said
structure is a cube or has essentially the form of a cube.

e A corresponding poly-nucleic acid structure, wherein the cuboid structure is
formed by six nucleic acid molecule strands, wherein each molecule strand
acts like an individual side of the 6-faced cube.

25 o A corresponding poly-nucleic acid structure, wherein each nucleic sequence
comprises two or more domains that can anneal to other molecules in the set.

e A corresponding poly-nucleic acid structure, wherein each nucleic sequence
comprises four domains.

e A corresponding poly-nucleic acid structure, wherein said structure includes

30 nucleic acid molecules which are composed of tracts of single stranded
nucleic acid, interspersed with tracts of double stranded structure.

e A corresponding poly-nucleic acid structure according to any of the claims 1 —
8, wherein each nucleic acid strand has less than 80, preferably less than 50,

nucleotides.



20 A correspondi ng poly-nucleic acid structure, characterized in that said
structure is a cube or has essenti al I_yit e formof a cube_ A correspondi ng
pol y- nucMO ¥34834d structure, wherein the cuboid structurePFYEPPEHART by six
nucl ei ¢ acid nol ecul e strands, wherein each nolecule strand acts |ike an

i ndi vidual side of the 6-faced cube. 25 A correspondi ng pol y-nucleic acid
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of single stocahaied suRdétits Whighiale dompasepgaf sevangbie randmnigedf selqudsice

tranded structure I -nucl ei ¢ _aci trucfure . accordin
L andEd, <! TR 6%t SHRRPI SR NS 7 S8R e seagesg U0
80, pref er abhterdetim Whbm @0get mokelcakt i des. WD 01/ 36624 - 12 -

PCT/ EPOO/ 11197 A correspondi ng poly-nucleic acid structure, wherein said
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e A corresponding poly-nucleic acid structure, wherein the variable sequence
composition is achieved by a one or more modifications of nucleotides within
the sequence.

e A poly-nucleic acid structure as defined above, wherein said structure

20 contains sites or groups of nucleic acids which can bind or attach to another
molecule or a solid matrix.

e A corresponding poly-nucleic acid structure, wherein said other molecule is a
protein, an enzyme, a lipoprotein, a glycosylated protein, an immunglobuline
or a fragment thereof.

25 e A corresponding poly-nucleic acid structure, wherein said other molecule is a
nucleic acid.

e A corresponding poly-nucleic acid structure, wherein said molecule is
pharmaceutically effective.

e A pharmaceutical composition comprising a poly-nucleic acid structure as

30 defined above and in the claims optionally together with suitable carriers,
excipients and diluents and / or other pharmaceutically effective compounds.

e Use of a corresponding poly-nucleic acid structure as diagnostic agent.



conposition is achieved by a one or nore nodifications of nucleotides
within the sequence. A poly-nucleic acid structure as defined above,
wher ei n ¥ 6ll/%624uct ure 20 contains sitek3or groups of nuclRSITERIOMTIS7 whi ch
can bind or attach to another nolecule or a solid matrix. A corresponding
poly-nucleic acid structure, wherein said other nolecule is a protein, an
enzyne, ael lWbﬂh?d&-n@cl@ld@&éﬂtr@bﬁﬁeFérsQieﬁln'%d a"db\)er%!"g%P lgﬁ of 4 @
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defi ned above and in the cl a| nms optionally together with suitable carriers,
exci pi ents and diluents and / _or other Ighar maceutical ly effective

conpoudds! R'@E@%E%'E’QQNQBH—ME@%\Y\Q @fcl eic acid structure as

di agnostic agent. WO 01/36624 - 13 - PCT/EPO0O/ 11197 Use of a poly-nucleic
acid structure as defined above for the provision of a library for

af fecti ngFiGUREesity of specificall y random zed topol ogies in order to
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IL2R-1 and IL2R—% npri si DNA
achieved by assocxatlon of the two trimeric moieties and is depicted as molecule

15 (A1+B1+C1)+(A2+82+C2).

FIGURE 2
Sequence of oligonucleotide sub-units IL2R-1 and IL2R-2 comprising DNA

structure with binding activity to IL-2 receptor.

20
FIGURE 3
Sequence of oligonucleotide sub-units TB-R1 and TB-R2 comprising DNA
structure with binding activity to human thrombin.

25 EXAMPLES

The invention is illustrated by the following examples which should not be

considered to be limiting in scope.

30 EXAMPLE 1
Method for inhibition of an IL2-dependant cell line using a DNA structure selected

from a DNA structure library.



structure with binding activity to IL-2 receptor. 20 FI GURE 3 Sequence of
ol i gonucl eoti de sub-units TB-R1 and TB-R2 conprising DNA _structuyre with

bi ndi ng MOOIRERY to human thronbin. Z5EXAVPLES The i nvent§HRFIUII7
illustrated by the foll ow ng exanpl es which should not be considered to be
limting in scope. 30 EXAMPLE 1 Method for inhibition of an |IL2-dependant
cel | i neTwsilibgarieDbdirsystthetit DNA swiemies] eath aihcanipvisirsg awegioneofl i brary. WO
01/ 36624 - 14 - PCT/EPO0O/ 11197 Two | %ﬁt_}rari es of synthetic DNA nol ecul es,
each of & P@?#qu%@?%we{)‘? SYWB%&*& sed sequence were synthesised.

Li brary A conprised nol ecul es of structure: 5

5' AGTCCCAAGCTGCCT( N) 13CTCCATCGTGAAGTCAGCCAGCTTTGGACT  Library B conpri sed
mol ecul esLibfargtA gomprised ngolecules of structure:

5' GACTTCACGATGGAGGTCAGAATGTGAATA( N) , OTATTCACATTCTGAC These sequences were
designéd to facilitate cross-annealing and represent sub- units of a

structure |i brgpsTecroRAGEY GBOT(NY,@NUCATOST CANEREABGGCAGCTTI@EACT sub-
units according to the schene of the present invention. 15 A igonucleotide

(sub-unit) libraries were synthesised with phosphorothioate |inkages to

maxi m se Eih?%.glé E%@S{PF%B%BI%%I%C& s%cgﬁ?“m factors and purified by HPLC

Purified O nuc es were obtained from GenoSys Bi ot echnol ogi es
(Canbridge, UK). A DNA structure library was assenbl ed using a single cycle

anneallBd at a0 CopRAGREToRARE PABAAERTBARTA B B ACRE S EEacs, *Toomm
NaCl, 5mM EDTA. M xing of sub-unit libraries A and B was conducted at
equi nolar concentration (1 M. In other experinments m xi ng was conduct ed

usi ng di f Thesmsequencgs wafe desigpsd éxfadjitate erass-anpealing andsenwsent sdbby gel

el ectr ophgrr" S,Sio?é structure library formed by mixing and cross-annealing of different sub-
units according to the scheme of the present invention.

15
Oligonuclectide (sub-unit) libraries were synthesised with phosphorothioate
linkages to maximise stability in the presence of serum factors and purified by
HPLC. Purified oligonucleotides were obtained from GenoSys Biotechnologies
(Cambridge, UK). A DNA structure library was assembled using a single cycle of

20 cross-annealing. Sub-unit libraries A and B were denatured, mixed and annealed
at a temperature of 37°C in a solution of 50mM Tris pH 7.4, 100mM NaCl, 5mM
EDTA. Mixing of sub-unit libraries A and B was conducted at equimolar
concentration (10M). In other experiments mixing was conducted using different
molar ratios. Assembly of the subunits was verified by gel electrophoresis.

25
The DNA structure library was screened for structures able to bind the extra
cellular domain of the IL-2 receptor (IL2R). This was conducted using soluble
recombinant IL2R prepared according to published methods (Meidel, M.C. et al
1988 Biochem. Biophys. Res. Commun. 154: 372-379; Meidel, M. C. et al 1989,

30 J. Biol. Chem. 264: 21097-21105). Recombinant IL2R was covalently bound to
surface activated magnetic beads using protocols recommended by the supplier
(Bangs Labs, Fishers, IN, USA). The IL2R-beads were used as an affinity
surface to select binding structures from the DNA structure library. IL2R-beads

were reacted with the library under a number of experimental conditions including



25 The DNA structure library was screened for structures able to bind the
extra cellular domain of the IL-2 receptor (IL2R). This was conduct ed

usi ng soVQWL/a6624 econbi nant |1 L2R prepar gg according to pubfSYREW W hods
(Meidel, MC et al 1988 Biochem Biophys. Res. Conmun. 154: 372-379;
Meidel, M C et al 1989, 30 J. Biol. Chem 264: 21097-21105). Reconbi nant
| L2R was thepagsandeyofehaairopic salisfiasengel reastiods magedbiraryd@NB) usi ng

| ded by th B B Labs, Fish IN, USA). Th
PSR beadeneerEaTaL s oSSR, (e 73 8P e SRS sl oB Br st ruct ur oo
from t he HiNingtrhbiicule® Wik Richvelddly beRffera¥® tRaingr@atich }g%@gm?c{i%b[ ary

under a nunber of experinmental conditions including WO 01
PCT/ EPOO/from $i7e berds felkyéng @xtgnsiteayeshipaiqycles wigh arsoddian of 79meltt i ons. The

o ut o T2 by 200RH NHGICB AR M- BERIGL RS b THR pCR s edidied o
react i on s{Rhedpriger PRAT (BAGTECTXRAS CTat GOw) fy rectvenshey Boraag i ng cycl es

with a solution of 75mMM 5 Tris.HCL, 200nmM NaCl, 0.5% N-octyl gl ucosi de
pHB. 0. THEOMMTRIGH HISHhFOHAEA repgend SYHEMs b FOREians 5In IePATBIEAAGCTGECT) to

oo ST BB Hrindls FRERIBRACHTLAGGATARALG, bRaPIEa SYoL o8 a0

;
conditio parate ctions, priner TCACGATGGAG) and
PRB2 (5'(STEACASTTTBAGHATR) wers ased o rexoveethd literaty Braonypdheranfiteeent . The
1o PCR products were cloned and sequenced usi ng standard reagent systens
and pt od¥aBrrreduntshv@tsesioped @@d&&%@gcqﬁpéln@e‘gav@@@deaaant BMEid as
origi natié}g %@&@Ssub- unit library A and sub-unit library B. O these one
pai r was yﬁ esi sed using 15 phosphorothioate chem stry as before.

A igonucleotides IL2-Rl and I1L2-R2 (sequences provided in Figure 2) were

purified and assenbl ed as previously, and,6 used in a cellul af ass for
L5 it dyBHTAT of AGuE0ReS WP e ETad 399 4fETtdied s PN ARe o Sdkaen a

cell line, . I ' S ' Sag';;}1 j -2 for
opti mal g%”dwktﬁ?ﬁgjﬁeé’cde%&%ﬁybtﬂy%rgﬁnﬂﬁ%&ﬁgéi"@er. oéﬁﬁﬁ%ﬁts in:gL_ 2 but

t hei r 1g9r pHdsphorsthipaté ichantistyy astetord. (Wijdnsiclestides ¢l amd |lsEB2es

nodi fi ed Dul beccos nmedi um (Ij-"i fe Technol o \j.e , Paisle UK) wi.th 50-100u/m
r econmbi nd8ETHERSES IP'LQVZjE(q_i”f Ot )nW?E?gPBg,'e Pgl""é?‘?m iSd as previously, an

used in a cellular assay for IL-2 antagonism.

TALL-104 (ATCC# CRL-11386) is a human T-cell leukaemia cell line. The cells

20 grow in suspension culture and require IL-2 for optimal growth. The cells may be
grown for short period without IL-2 but their growth is significantly reduced. Cells
were grown in Iscoves modified Dulbeccos medium (Life Technologies, Paisley,
UK) with 50-100u/mi recombinant human IL-2 (Life Technologies, Paisley, UK)
and supplemented with 10% (v/v) heat inactivated foetal calf serum. Cells were

25 cultured in an atmosphere of 8-10% CO,. Dilutions of the annealed IL2-R1/IL2-
R2 DNA preparation and a control DNA sample containing random sequence of
identical contour length were prepared in culture medium containing IL-2. A
parallel dilution series was prepared using medium lacking IL-2. The dilution
series ranged from 500M DNA to 390nM DNA. Assays were performed using

30 sub-confluent TALL-104 cells plated the preceding day in 96 well micro-titre
dishes. Cells were collected by centrifugation, washed with pre-warmed (37°C)
phosphate buffered saline and the DNA containing medium added for 48hours.
Treatments were carried out in quadruplicate. Proliferation was assessed at the

end of the 48hour period in a colourimetric assay using a commercially available



and suppl enented with 10% (v/v) heat inactivated foetal calf serum Cells
were 25 cultured in an atnosphere of 8-10% C02. Dilutions_of the anneal ed
| L2- R1/ | WOOIR862HNA preparation and a control DNA sanpl e cBRAVEPMVHEY " andom
sequence of identical contour length were prepared in culture nedium
containing IL-2. A parallel dilution series was prepared using nedium

| acki ng | tet@azolitmn clirhpound anddollasing amgadtione proddbt ByAhesupplaM DNA.

Assays were perfor usi sup- confluent TALL-104 cells plated the
o sodli moUsaegR SEarTioki, A<k | MickSter bl st reAdat 540 cot o by
centrifugation, washed with pre-warnmed (37C) phosphate buffered saline and

the DNA contai ni ng nmedi um added for 48hours. Treatnents were carried out
i n quadr uphecaselts Fnoved trattthe mnneaslessiobdsprepatatidmeinhiniteé dafrowitie ofiBteour

period in o] rigetric assay.,.using,a comrerciall vai |l abl e 01/ 36624
PO speThebotA sabind HaRE S tiTnE Bdet R Ryt Ry aiE S ne
provi ded Qy_RAeydnBl-RerwereRRaAR@a, Sout hanpton, UK). Mcrotitre plates
were read at 540nm The results showed that the anneal ed DNA preparation

inhibited growth of the 5 TALL-104 cell line under conditions where
i ndi vi duah@/ﬂggﬁft%c ol i gonucl eotides [1L2-Rl and IL2-R2 were inactive.
EXAVPLE 2 r selection of a DNA structure binding to human

t hronbi n. pMRod fier $elbEtsry olie HNA Bedciune BRIIRY & Bumas thestbino sel ect for a
DNA structure able to bind to human thronbin. The library was screened

using ® human thronbin preparation (Sigm, Poole, UK) |inked to surface

i th the. DRALTPYTRECRAR SRSple SR bec 1o 0 BENHoD BRI e OB G ng

wash was ggiptech@dahnhromghutTreninbn2@adlscidredassih@achurpsfl tdromiianM Nadl |
5mMM KCI, 1 MM MWC 2. Binding nolecules were recovered directly fromthe
beads by PCFparaiiag (PiEma.iReieadl) frkegfo seiface agtivaded magnstie beadsras peiR

broduct s yere, 5l aned and; peausnced. yshoaaSLANAA INAT SIS RYShPEE papd

pr ocedur es* Iof "sequenceés were recovered an edas
ori gi npt i RgafipleM Bxzeptithd pbdtiinding Avashdwasibondutteldiibrmagolufon 6f 20Mdse, one

pair was §f);igtahcee?z;\tse(,a(;:I)Hl%.sdif,n1g40mM NaCl, 5mM KCI, 1mM MgCl,. Binding molecules

were recovered directly from the beads by PCR using reactions and primer sets
as for example 1. The PCR products were cloned and sequenced using standard
reagent systems and procedures.

20
A number of sequences were recovered and identified as originating from sub-
unit library A and sub-unit library B. Of these, one pair was synthesised using
phosphorothioate chemistry as before. Oligonucleotides TB-R1 and TB-R2
(sequences provided in Figure 3) were purified and assembled. The TB-R1/TB-

25 R2 complex was used in a thrombin inhibition assay. Clotting time was measured
using a fibrometer at 37°C and adult human plasma freshly prepared from a
healthy donor. The extent of thrombin inhibition was determined using a thrombin
standard curve plotting clotting time versus thrombin concentration. Clotting time

was measured over three logs of DNA structure in the assay.

The results showed inhibition of clotting activity in the presence of the TB-R1/TB-
R2 DNA complex.



phosphor ot hi oate chem stry as before. A igonucleotides TB-R1 and TB-R2
(sequences (ﬁr ovided in Figure 3) vvere_pggiji ed and assenbled. The TB-R1/TB
$ds used in a thrombin inhibition assay. d BF?‘W&O/HI% was
rreasured using a fibrometer at 37C and adult human plasma freshly prepared
froma health donor. The extent of thrombin inhibition was determ ned
using a t FXMPA-E 3t andard curve plotting clotting tinme versus thronbin

't he aeMeiRog bldd Sebaffor O SRASH-SHIRRD 5b PEFSTbRRD! SokBr P4 n e
presence of the TB-Rl/ TB- R2 DNA conmpl ex. WD 01/36624 - 17 - PCT/ EPOO/ 11197

EXAMPLE 3_Method for the selection of DNA structures binding to reconbi nant
sol ubl e chde libraey dessrhied inesemmied was esetin selechios aObA stouctureableitor a

DNA st “Ctbﬂ{oeﬁcﬁgl %ﬁblnén%ggjg LCP4 B’RLBPéCBaréﬁeﬁblrﬁe%A(s@%};epar ation

prepardtion struct reéned usrng a

(Bi oDesi giibréffgaras &eeb@d)usingradiing pmramra@lb%tsfgﬂ\ iBgoeME, b8AYls as

previ ously. Lihrar screen|£ g and sel ectign by PCR was as
descri bed MBoRiisahioadivae ﬁwgnetlc ﬁﬁgeﬁaer%puay dabrla%fsp@eﬁmg .ng from

S ruct ur e s SHE 8 dton B PLRORaYES deRciol RIS SRR AT ara |
( Ser ot ech oligbnugdotide pPE)r orrglraatlr@rfzgmﬁhe Anared therBusub-urib Sbrdvi@stwass say
ELI SA). 96 wel | | SA pl at e coated overni
SoTut: i apnifeised fid aBsemBed . iTe SO Rg I NP B BR Bt UBAR 8Nty f er
pHY. 0) at 46 6r?6c,?§r)éﬂl¢ﬂﬁA‘T§ A%ﬁ%?@é’n %.ﬁg@%ﬁc%) Hﬁéngngmn&éannMJ ered

sal i ne pH8 0 .05% Twee and t contro structures were
diluted (hb%prtmrﬁwsaymELtﬁh)te in TBS froma starting concentration of

1B A 108608 Bl ISR aeR i i Byt io RS D e e R b i
pl ate and dy EﬁH?%ﬁﬁf‘érf(@bSﬂﬂcéWb@theSb@br&?@te BOfE} aneso vmwcc{vvemaféé WEfE the

bound RPAT4 detected using a al kali ne phosphtase | abel sheep anti - nouse
prepar &t i avas(r@dgevetenﬂaelye;smg(ﬂ'%n“d EBISgtmffaFaétSadm@pI-tSSDg@&"/o pbar)lTeveewaO)as a

col our Su%%%rt%g{a and Corfror Dﬁ%\sé’it}(udtures were dl}M%ed ?P :2) across the plate in TBS

from a starting concentration of 1000M. The plates were incubated for 40
minutes at 37°C and washed with TBS. A 100ng/mi preparation of antibody
RPAT4 in PBS was added to the plate and incubated for 40 minutes at 37°C.

20 Plates were washed and the bound RPAT4 detected using a alkaline phosphtase
labelled sheep anti-mouse preparation (Sigma, Poole, UK) and Sigma Fast OPD
(Sigma, Poole, UK) as a colour substrate. In some assays, the DNA was co-
incubated with the RPAT4 monoclonal. Colour intensity was read using a plate
reader and signal compared between test and control wells. The resuits showed

25 significant inhibition of RPAT4 binding to rsCD4 in the presence of the DNA

structure.



i ncubated with the RPAT4 nonocl onal. Colour intensity was read using a

pl ate reader and signal conpared between test and control wells. The
resul ts SOWAI6ZA5 signi ficant inhibitior® of RPAT4 bi ndi ng PCA/EPS@IMIT n t he
presence of the DNA structure. WO 01/36624 - 18 - PCT/ EPO0O/ 11197 Patent
Clainms 1. A three-dinensional poly-nucleic acid structure, conposed of

mul ti pl e PatdrdrClaimmect ed strands of nucleic acid nol ecul es or segnents
thereof by 5 specific base pairing interaction of two or nore nol ecul es,
characterized in that the structure is not covalently closed. 2. A

ly- | @i I Li |, & e inthat th
pol . nucl 51 B I BRI BB PR, EreRIRREI LA 1t

nore nuclerc acid nolecule . 10 3. A
pol y- nucl ei dnteccahredated strandsio€ oudeitgadid nudlacure? or chgnatitetiieredf by t hat t he
structure is forned by three or nore nucleic acid nolecule strands, 4. A

pol y- ndicl ei SPEEITE RISERRIIPE IR R W8 AP MOlREUg s iGhgracterized g
characteri ZQﬁafﬁeté'tﬁﬁctﬁl@ g rﬁ'krc!d@élghﬁ}/ icﬁ,)s@dpube or has essentially the form
) pol y- S

of a cube. nucl el ¢ aci ructure according to claim 3, wherein
the cuboid structure is forned by six nucleic acid nol ecul e strands,
wherein e nol ecul

ch, 2 e.strapnd acts lik n. i ndivi dual . si de pf the
o nced cabe: PEY-RLEIE A Slrbpe BetSind f BRin Jc Elrtachye B ot he
claims 1 - Sy )GessRorrSad By el Rirforeefluddie kP MIe&AS strvRd9r nore domai ns
that can anneal to other ndlecules in the set. 25 7. A poly-nucleic acid

structuere according to claim®6, wherein each nucleic sequence conprises
four domai,ns, 8, A poly-nucleic acid structure accprding.to, a f the
o s 15 A Pahh PRI A Bty Geballiy R fhfe Rk A Mal el es
whi ch are coifpRsEe@ Qffofrhag by thfee & MBlEnaEERMISE mMlet@EGtRfpIgd, | nt er sper sed
with tracts of double stranded structure. WO 01/36624 19 PCT/ EPOO/ 11197
4. A poly-nucleic acid structure according to any of the claims 1 - 3,
15 characterized in that said structure is a cube or has essentially the form of a

cube.

5. A poly-nucleic acid structure according to claim 3, wherein the cuboid
structure is formed by six nucleic acid molecule strands, wherein each

20 molecule strand acts like an individual side of the 6-faced cube.

6. A poly-nucleic acid structure according to any of the claims 1 — 5, wherein
each nucleic sequence comprises two or more domains that can anneal to

other molecules in the set.

25
7. A poly-nucleic acid structure according to claim 6, wherein each nucleic
sequence comprises four domains.
8. A poly-nucleic acid structure according to any of the claims 1 -7, wherein
30 said structure includes nucleic acid molecules which are composed of tracts of

single stranded nucleic acid, interspersed with tracts of double stranded

structure.



9. A poly-nucleic acid structure according to any of the clains 1 - 8,
wherein each nucleic acid strand has legs than 80 nucleotides. 10 A

pol y- nucVO U384 d structure according to claim9, whereinPEXERUI i c acid
5 strand has |l ess than 50 nucl eotides. 11. A poly-nucleic acid structure

according.to, any of the clajnms 1 - 10, wherein aid structure has the
assenbl y ?Aﬁgf?&dyqsﬁg@;@@ymg@ag%ﬂ %@ any OfFii%&LFﬁ%'"ls_. 1 ro8.wherein .
pol y-nucl ei %ﬁf%cﬁéi&%&éﬁaﬁ&ﬁ@é@éﬁgﬁﬁ FMuQofides claims 1 - 11, wherein

said structure contains sub-units are conposed of a variable
random zed sequence tracts in order to get sem -random nol ecul es or

segnent s ereof capable.of interacti ith a target .nolecule. 15 13. A
Chree-d: mbheh DR BERR drid suhEtu Al fef ShBeke G e e

i nt er cqnnectBh o Rad ssAhaf 8ol Rickedlieied. MOl ecul es or segnents thereof by
specific base pairing interaction of two or nore nol ecul es, wherein said

structure is covalently closed and contains sub-units which are conposed of
a 20 variabl g randoni zed. nce tracts in ord t et ,sem -random

ot ecul es Tk PORGIRTEE ToiE SEUFLEE e 1 wiePEle g™k o DuflE
ol ecul e. 14 BEUKtUN HlaBithe a856mBiy UetHB & GDGPARIEBE+EQ) a8)¥epictédith cl ai ms 1
- 13, wherein the sequence conposition and sequence length is variable. 25

15. A pol y-ndogeieelaci d structure according to claim 14, wherein the
vari abl e sequence conposition is achieved by a one or nore nodifications
of nudleotides within the sequence. 30 16. A poly-nucleic acid structure

accor di ng1poA paw-aliclelteadit atristute acdSrdingMteary Bf tHeacidingd nuct Urwheiv ai ns
sites or groups of nucleic acids which can bind or attach to another

mol ecul e or $RidstugturaCENiainyeXUNEs gtichr arepeamppeed of agvariable A
ol bcul e | s BNpHEed, Yot RBie iy Wb Do Rrifrantidf BidleaRedob 0tei n, an
i mungl obul i geyreents tﬁémabablbe)’“fémferacting with a t:arget molecule. ’
15
13. A three-dimensional poly-nucleic acid structure composed of multiple
interconnected strands of nucleic acid molecules or segments thereof by
specific base pairing interaction of two or more molecules, wherein said
structure is covalently closed and contains sub-units which are composed of a
20 variable randomized sequence tracts in order to get semi-random molecules

or segments thereof capable of interacting with a target molecule.

14 A poly-nucleic acid structure according to any of the claims 1 — 13, wherein

the sequence composition and sequence length is variable.

15. A poly-nucleic acid structure according to claim 14, wherein the variable
sequence composition is achieved by a one or more modifications of

nucleotides within the sequence.

30 16.A poly-nucleic acid structure according to any of the claims 1 - 15, wherein
said structure contains sites or groups of nucleic acids which can bind or

attach to another molecule or a solid matrix.



5 18. A poly-nucleic acid structure according to claim16, wherein said
other nolecule is a nucleic acid. 19. oly-nucleic acid structure

accor di nWOtd/3663 of the clains 16 - 18, wherein said nol BEHEBIYHI7
pharmaceutically effective. 10 20. A pharnmaceuti cal conposition conprising a
poly-nucleic acid structure of claim19 optionally together with suitable
carri ers, Texcpplyenideisasidisiruetyie ageRIding torclaimd®. wharsmsais etsr| y

T %18 ne arigRsaETs Sgchiin 52, BiRKORIEL R LR A o o T

claim 12 or idhdrylobhimepooa ifreigorentfthereof.i brary for affecting a diversity of
specifically random zed topologies in order to obtain different
functionalities and / or activities. 20

5 18.A poly-nucleic acid structure according to claim 16, wherein said other

molecule is a nucleic acid.

19. A poly-nucleic acid structure according to any of the claims 16 — 18, wherein

said molecule is pharmaceutically effective.

10
20.A pharmaceutical composition comprising a poly-nucleic acid structure of

claim 19 optionally together with suitable carriers, excipients and diluents and

/ or other pharmaceutically effective compounds.
15 21.Use of a poly-nucleic acid structure of claims 1 — 18 as diagnostic agent.

22.Use of a poly-nucleic acid structure of claim 12 or 13 for the provision of a
library for affecting a diversity of specifically randomized topologies in order to
obtain different functionalities and / or activities.

20



