WD 2008/ 040095PCT/ AU2007/ 001517 1 MOLECULAR SW TCHES AND METHODS FOR THEI R
USE CROSS REFERENCE To RELATED APPLI CATION [ 0001 ] This application clains
t he beneMa 20080408 3Pr ovi si onal Patent Application No. GEERB2RIIER1IFIT| ed 6

Oct ober 2006, which is incorporated hérein by reference in its entirety.
S5TECHNI CAL FI ELD [ 0002 ] The present invention relates to conpositions and
methods that al \qy fEeIBRsMRIEINASD METIEOD3 BOR THEIR USEY Of

mul ti - conmponent nucleic acid (MNA) conpl exes. Further, the invention

provi des net hods whi ch _use these congosi ti onzPand net hods to create
mol ecul ar sensors, nol EROPEREEERENCHES REIAGEBATREEA X r s or propagat ors of

10 autocatal ytic self-replicating cascades and ot her_i terat*,ve_ Ha&?esses.
1%}6‘0 .

Nor e par t[i0991 hr [This applcitenedams e bpafied v'9 Ieavpadt tiasns A_&P _
e F oS EBRY 481 RG] BB I LELIRONT Y 1AUEhe) € 8 ShtheBOND) oS,

met hods Composi’t1 ons, r use. Background of the
I nvention 15[ 0003 ] In additi o Eﬁ@é%uti onary optim zed functions,
Iona

the extraordi nary physical and func properties of nucleic acids

provi de th portunity for a plethora of new. hio-npl I.C and
met hods. [[9@91'? 8 n& erﬂf‘c’ﬁ%f énvﬁE?%sraﬁ:?ﬁ?fe{obg‘@%poc%h%ngrf%fj an% 8@8&0?&? %@%ﬂgp%%t ic
entiti es,,hiQSaNsQTthe MRRicsLAlE cfamilGesmposent oadldc head (M aotnpiexes.

conput ation.” The nethods exploit the characteristics, of DNA s%{%f - at??senbl Y,
el ect r o- Gower theinpgntioroprorirlet FabPEHWBICE TehTese SAEPPFFUSTORSEt Chi ng,
mol ecul ar det %otléc%?ara%‘b%s&@t AoYdohiGr 3Gttt ¥ind/BH T dNators | RCHroPWAdrS dfobust,
stabl e and thernostable it provides an ideal material for nolecular

engi neer i sgcothlyie shidnipdiabting cagripubd bileniteetivapscesfes oo fartgiuiaglve thst r anded

leic acids, such as DNA and. RNA.. have the abihity ta.fold.inta.conpl
Ut co- di HGHERBRAIFNES Jet B TR N I o rifoRR sl PR eCE tor o

25 (apt anggsofpsheafhadl¥st@id tdrhnanapmetinds DNAzskims puchFeurigvsitions, hend
requi renent for conplenentarity between nucleic acid strands for

hybri di zanetbedsffor#8§- t he basis for a wide range of techniques, which allow
target detection (e.g. mcroarray analysis, Northern blotting or Southern
bl otting), and/or target anpBatligrenudef thelyvenfink pol ymer ase chain
reaction). Further, hybridization provides the basis for nucleic acjd

nano- scal 00 ]cdnstidiionitoits anelufoeryDtin e fineinpsu b Bra ey IVEGres. WO

2008/ 04003?11%%%%&%%%&91’?){)60 %‘s? g‘f7 nuzcieic acids provide the opportunity for a plethora of new

bio-molecular devices and methods. Designer nucleic acids have been contemplated for
therapeutic entities, biosensors, nano-scale devices and tools for molecular computation.
The methods exploit the characteristics of DNA self-assembly, electro-conductivity,
20 information elements, amplification, switching, molecular detection and catalytic activity.
Further, since DNA is robust, stable and thermostable it provides an ideal material for

molecular engineering of mechanical or computation devices.

[ 0004 ] Single stranded nucleic acids, such as DNA and RNA, have the ability to fold
into complex three-dimensional structures that can function as highly specific receptors
25 (aptamers) and catalysts (ribozymes and DNAzymes). Further, the requirement for
complementarity between nucleic acid strands for hybridization forms the basis for & wide
range of techniques, which allow target detection (e.g. microarray analysis, Northem
blotting or Southern blotting), and/or target amplification (e.g. the polymerase chain
reaction). Further, hybridization provides the basis for nucleic acid nano-soale

30 construction and for DNA based computational strategies.



[ 0005 ] Self-replication is a process by which individuals can duplicate
(copy) thenselves. In such processes, the products of each reaction direct
t he for matd amseloebdhe new copies (replicons) of the i ndpvi gl dorom

conponent parts. A wide variety of teghniques have been devel oped for the
self-replication of nucleic acid sequences. 5[ 0006 ]| Methods for in vitro

wel T knove R ), REURRECHE Gr Hordes Se thGae HBBRRL BT BleeF dstfle ©
primers, Eanables. Bf susP@edchises, |‘ﬁb!ebp$1bd1kolﬁbf éd%h\/ﬁbztdﬂoil ld&ediahg &rmbith 6f thENA,

whi ch can be extended by DNA or ynmerase to create a_ new copy of the
t ar get (d"ffFWaﬁ?HiPPcéW)"hGQ?é) Y ﬂ%eh@dl“ﬁ‘ii tff%% RIPERF RSt 6 éffl'l‘?‘eeéf%n%l{/rﬂ hesi s.

Such t | ude th
uc ecf}@é@@éﬂﬁé@;ﬂﬁ@%&gtranﬁaﬁ%&%ﬁ%mawaeﬁ s%g% el NCl ude the

pol ymer ase I spl‘acenent. anplifica rolling

circl € a C d.| d | | t

transcri g%dgél]ng%%tg %’d@rfﬁzl ? ﬁ%aﬁl{o% ?a?é ‘g&?éﬁ% rEgsﬁequu(réftgcgis ﬁe&rgl cation

and nucl eingplidehitbnd efw@ﬂcmdmp;hl thaﬁnt oMalageedaeammleihbdscmpuwmg%mcaédtﬂenat ive

approach, known as .th ain rea otein ligase

to anpl i fRFRETEIGPEIEE] apeﬁfcgeﬁﬂe Dt paachs &agei?%aé)ﬁm yhic @ﬁéﬂ&apac. ty

of the |igalliefmPDRuict RNA MB6E YAk aaeﬁ%ly}eofaeeeegal@i p71tdangl rect

the ligation of mew copies of the target (Barany, 1991) 000 ar get
anpl i fi catsingrihe seaich @gﬁreelateémdwecégm’t ote %mbxﬁechmweﬁe(meewd/ﬁ@eﬂeymsed in

research a dior in_ cl a no S r, each

has i fther k&&g&%& jtdag)c L ‘gdnef;1 a lﬁgﬁtﬂ%—?\ég eea%tg)g”%# pr O giaﬁerg%\z%ines

(e.g. DNAnpolfigsther, asking Rﬁéle%nmxﬂcm aae lodpemedised Lisolnaap) mlpl&‘e:amnd or

| i gase). The inclusign of protein en L%/rres i ncreases,.the conpl exity and cost

of r eageﬁfanﬁ%rmﬁlPaé’ﬁWéedaﬁHPLH@é?%%g‘s cdrefipenps g Gﬁtmma{lé #¢ aFifi ng
reagents. g éﬁ@é regp%%ewnamgd Blﬁgmuaaek &heitélﬁﬂgesaepf&w%o%%qm ﬁg&eon by
replicons (target anplicons) from previous reactions |eadin al se

posi tive CéllaglrradtctmaIﬁHL@)R”)bE@SK-gwrgt@ntﬂlwgtﬁaﬁtmldsfmiedﬂb)ﬁcﬁe@gﬁ@a hecmaﬂtﬁlfonprl mer
sequence ner,: di ent

li gati %Q%(?g tf‘e KRN C@%O%Br ﬁg%?g %ﬁ%ﬁ%oﬁlgg%g 11%ecu slfem%?#%qenzyrmu c
or cat aI ydlreet@ehgmdnmfnha\cepib:emwiamma@ t9pihe 1 ast 20 years. RNA
enzymes ("ribozynmes") occur in nature but can be engineered to specifically

recogni ze @ngd | MoGidyY amiplifEgieh tfRMMbISHES il R thddasebef harrdetRidented1988) .
In vitro evol ution tecﬁ i ques have facilitated the di scover¥l 30 and
&

devel opnetmres@#rchﬂﬂ@/owcémeak Ergpesiics el ees desigdhen provsidiaRly hes mherent
deoxyri bo A C f tne
Xy | (ﬂ%% }& RC sy of }egeﬂé el,e%%% g%ﬁelﬁauﬁw(@gmgao%%mg s"

(revi ened sson and Br I'n vitro evol ve Azymes and/ or
ri bozyr ne;saljvm&resebeewrsh boouwdrtey, wid oh lzase. t Hee ompaoint of potdmeadyse a br oad

range of reactigns in cIe vage of nucleic i ds

20081 040085 AEERITET=09 o5 CRLPREn Gpalltienss GuBibctiory B sty ce,
1996; Br edisfontali@y icaGand. ommemgboi@e;&echrﬁ&@ahaliehgegaw@@ @htafthedieh ®yaci ds
(Cuenoud and Szostak, 1995, Prior et al., 2004), porphyrin npetallation (Li
and Sen, '£DIOEPS (RErt FasImhseRs) fTot pé%i?%nteé%{w%ﬁem@ (%’sgr%tﬁwee%lgﬂ&l 1997),

est er bon(glg/cg'%a&?%gmeés Bt cszse&% Mo Oéfdﬁ%% h@ em?e?g opzost ak,

1996) . partTcul ar, ynmes an een
char aet erbazkgowi mﬂusski&dm‘gﬂamﬂcbmn«bd@hg@mﬂ stinct nucI ei ¢ acid sequences
after hybridizing via Watson Crick base pairing. DNAzynes are capabl e of

cl eavi ng EjaolRdr KRMAdE maskefrmmhad: a]wc}/mlecﬂﬁamt&aﬂmmc anchtalpycetivit@97) - or
DNA ( Car e 96) Iec ynes are e to cleave both
RNA ( FsetigF oo R ISP SR BRI FRETH 4 oaes e 7 +§856)

target sequengess e %ﬂﬁeé&@t & SbecBREB Yédognich QAN a86diT B U eiisnaei d
enzymes i s_dependent on the presence and concentration of divalent metal

ions suc h(fﬁseleﬁzmd Gelach, 1%32 +In Cap evolnjigutechpipes haredacilizied 4he Hsrgven2+
( Sant A (E)l\%zr?iy r{c%g%gl%ent]b y%!’mc%w ﬁlé{tlgﬁmcl@ig%é Léclg% ?Ig dioxwgonu%giczgﬁldsand

"g8: 17" re cap a aving nuc
often referred to as DNA enzymes” or “DNAzymes” (reviewed Emilsson and Breaker,

2002). In viiro evolved DNAzymes and/or ribozymes have been discovered which have

the capacity to catalyse a broad range of reactions including cleavage of nucleic acids



15 substrates at specific RNA phosphociiester bonds to create reaction
products which have 2', 3'-cyclic phosphate and 5'-hydroxyl groups (Santoro
and Joyc@ip %99dsedseVvi ewed Ernilsson and Breaker, 2002)pcrmi@i®logss:of '
deoxyri bozynmes (DNAzymes), which can ljigate 2', 3'-cyclic phosphate and

5' - hydroxyl products include the "7Z81" and "7Z48" |igases (Prior, 2004).

20[ 0011 ] Several | yii | ei i i ncl yding th d
1 bozyre, (Ceme. 467 9358k Flard aph g d 906 hatieh oY eAort A PHPRGO%F  gases
have simjafiPagifichld HGEU(@Senbhd BndrghEdidd, 6 909MBlifSe: df)eR@4))Yot@iyeinaci d

enzynes have a conserved catalytic domain (catalytic core f1 anked by two
non- conseneelatonEi pad Sebi 1986k gndl frraiatien Of sather-parbethberis S paesom eadl)sy

recogni ze, a0 Byl 561 BIR. SHDSIOR 5ol 5l RESS. BUEL Sl ache) enzyes

25 can f |pe1 e turnover enzynes, eac nzyngé onl’y has the

capacity t cqQgni s ne lLecul e anely the substr I L. ¢an then
catal yti c[emo%?rrggi? tiowlaty JABA7Y RS, ﬁ@f@zﬁﬁ%ﬁ 2‘?‘(’:6 %%?ndghf%%%@%ge{ﬁhsc own to
tol erat e QBLificaBr tiake MBEHE neakic REL iauidtes afteahibrdtziforiasWaisen Calcil yti c
core (Perreault et_al., 1990; Perreault et al 1991, Zaborowska?g_ at,

2002; Cr (besepaizng. DOUEYISF piecihane obuemrng sibhepRNdY (ycaksr £ o3eR 4P ngency
f th ' itiQps, cee Of | g : | d wi t hi
0 er f?a%%drg n& ngdﬁbm o % (68 8R40, 19%? g{%ﬁ&meﬁamﬂ&%}f&% £Ealsgd wthin

t he substrate arns. requi r ement Wat son Crick base pairing
is sufficibdntd yiester bath RO0A dBatenihandeGertabl 888) rad deNA| (Bpitiart agf Jqyewt ocol s

that use catalytic WO 2008/ 040095PCT/.AU2007/0Q1517 4 nucl ej i to
el | 1t o S0h it SEriomiar TS E00 SrOVHr Jer v e et BafkeR s %oy
2200) h( V\Cae%aﬁ&%_&.a)the breQd8 abd Eéﬁ@%ﬂfm'bﬁ'bf@ﬁmdﬁbl&ll _etd?ﬁbéjhsmhpﬂoﬁthﬁeSszé? uences
that have the abilify to recogni,ze gne,or nore |ligands w th great inity
and specngci=@+d%£t§0?+thr FGh a8 ERaER GF%?OWS* 1ER8akpT e’éalg-D

bi ndi ng il)n or pocket. Many aptaners have been evolved in vitro for
their capacity to bind to ligands, including for exanple, nucleic acids,
proteins, InQNSpy. SHR.4.-0[ gan,.6-C : Rt 1 L6107 SEN:S Bid

" Apt azyne%wlﬁﬁvzrk}seeggdé#ceélg%o%g?i ?y) boatlrﬁq’%/g?[g?rg)r anadm%at aI_;/ti c1 nucl ei c
aci d sequeneeses atishedfarad ophdddixijares ponddi tndiqatp whct@nlirghiet wlockt heveapt aner
i nduces a_canformatjon change_i.n.the i o aptazyne ich acti.wates a .ribozyne
o DRy s OO B P i Dgin st (SRS $0 EPepeliol it

ampl i fi cagi 08t mateeNicd N2602yS edlaSeRs bh dedBiocHnes (ONHelessaict ea sel f

cl eavage (TASC) probes), which contained nult e domains constituting a

. 0 I pl L& ?
target sehgitng  Seguelircehosphathmed, ehydanal Arodhefs s e abedll e8¢ RNA
chineric i e o t he adj oi ned DNAzynme. While this nethod 15 avoi ds
t he use Oﬁé’%?%@}oﬁ ”g%)yrres, t he TASC probes are conpl ex and expensive
mol ecul es, whi.ch gust .he ; f CH et - Okn o Sever al
gr oups?a hal;/é%]frlg]pog#’gr lgﬁggﬁg%‘g{%%ﬂﬁ%ﬁ%%c g?lgrham ﬁ%@gg?i , _é%}% ot her
anal yt es wid B:1CabNArINE bhd thee'ddSUT snd ElGMBETIgases dinvakimilad D& stMobiren et al

1996, andwlﬁhumultiple domains. These nucleic acid enzymes have a conserved catalytic domain

(catalytic core) flanked by two non-conserved substrate-binding domains (“arms”), which
specifically recognize and hybridise to the subsirate. While these nucleic acid enzymes
25 can function as true multiple turnover enzymes, each enzyme only has the capacity to

recognise one molecule, namely the substrate which it can then catatytically modify.

[0012] Catalytic nucleic acids have been shown to tolerate only certain medifications
in the area that forms the catalytic core (Perreault et al., 1990; Perreault ef al., 1991;
Zaborowska et al., 2002; Cruz et al, 2004; Silverman, 2004)). Depending on the
50 stringency of the reaction conditions, some degree of mismatch may be tolerated within
the substrate arms. However, the requirement for Watson Crick base pairing is

sufficiently strict so as to have enabled the development of protocols that use catalytic



and Lu, 2004). The strategy uses nanoscopic gold particles tagged with
ol i gonucl eoti des. 20 The gold particles can then be aggregated by the

addi tionygf, ,‘;@{,('Sdgi ng ol igonucl eotide", causing a chgRaahéygedieur from
red to blue o?gm rkin et al, 1996). Liujand Lu (2004) extended this strategy
by incorporating a DNAzyne substrate into the bridging oligonucleotide,

such that activation qf th NAzyr.ne, results i l.eavage | spersal of the
gol d par tli“@feécsa% 0ot T&W&%&Wﬁ?@ﬁ?&lﬂsﬁ/dgﬁ%& SEaYf, Cél%@:laﬁg%ﬁtpﬁused t he
appr oach 3@p2hseleshsdgad using a |l ead sensitive DNAzyne, and to detect
adenosi ne using an aptazyne. [ 0016 ] Several exanples of anplification

cascades, hGh « ks tryG AN i i:ds, ] .+ The
[Ddz@kli gﬁm%?s alyihgAnyeh g cﬁ'eﬁhgé sedteRces ,n(ﬂ%hée% Eh'@gabﬂitgz to e

zynogene/ approach conbines targ anplification (e.g CR); Wi

"

DNAzyne rrepddnizatonenr mbheliDaz witsgresthifftityasrd specifinpy idfid escithaiir fokght leeelt ar get,
cl eave one or nore universal_reparter substrat.e ermtti neric
Gt outt onsiehg Thretmiens 3 puRRant Gopltgs) hbG kR Y L0508
6365724; MOKRiA5A4Ger (1adehpacitd to, biRPRAgandst akuefieasr &aimpidypldlfit aatis,on

cascades have been devi sed which use catal ytic nucleic acids, instead of
protei n epreipipsspriersnwerlbhesarigomPrEeis; oKl/or| tiEneReRUFmEp pHOHIAES ah& P gnal

anplificat] L i i i : % S whi ch
WO 2008/ 8%88%%%%%%%%%%@?%&%? V\ercé&éyg%a Ieggicg%d%%giu%%? %ﬁlg eag:éﬁrggt her by
cross cl eaMagemesds WHitdimgof a ligkmbar ths aptanar: inBacts 2avdfdopten (1200 )n thescri bed
a replication cascade. nedi ated by a_ribozyme with |igase activity. In this
r eact il%n,a?&azfy}nreéﬁfi“ 'EBB%WII‘}? QIPM cont ai ni ng ol i gonucl eotides to
forma second ._ri bozynme, The sec ri,bo then, | es. t t her RNA

cont ai ni ng"B41li ¢8R P’@%FP%@%%@?W%@%&&BFi ﬁ‘%‘i‘ﬂ Ff“%%ﬁﬁ’?%@tt{‘?tggeri ng
a repli Ca‘%éeg %e&ﬁﬁ%ggﬁuég%m&gems@i%& Q8 REW LONTASCOhrAREN WHR ddnfasiedand

second ribozyne. ] Nucleic acid cascades_have been considered for a
range of minbipoimoimsgoesintngps gt sowing sesyaes aDNAnmiaRpRsd adualThey

could all t i of..pr I e I w8 |-&gNosi s
by faci | PRV RGOSR By FlrafERct BLBPlE) PGSR wikie 38 ol dn e
cascade rgaidsi oBSueast betdis emhziaes, ahpl TAIT ipooiss odrhecontfien add agpestvecs, for
example, within the field of co tation anal ysis and bi onol ecul ar

engi neeriﬁ’@l%‘ﬂ%‘gg‘ﬁh%’églbé C&%t\‘?ch‘gg & ﬂﬂe@aﬁ‘%%ééﬁv\hi ch may be used in

t herapeutics. [ 0018 ] Devjces that can convert information fromone foim
i nto anot he¢LS Jackseal Hgupohayer jeRpied %P SetEphme! Bl 2P dATEESt BB A

progr am%a%rt%é @in} o1 HHRIBL fhaoiRiBhinpas Gapable, RfinsekyingusosRtiat i onal
probl ens was devel oped using protein enégd]rres (a restriction endonucl ease

and a | i gasklu20964)dCkbitateyrisatinehoplaic Rehpatedes Beged witkobgonuclppigdegnzy mes

serve as e "har re" .and. the des..t he " sof. taput and
it ot & SPESYH ST ARTER DY BerGTo i AL S 8P AP BreenBfelBle. The
aut omat oncpieecdsnyd & eolcasframleredfto dheaiddigdan dhybrio®sy dii and dmd(20P4at i on

cycles, 20 producing a detectabl e out put | ecul e .t hat encoge t he
aut omat ons¥epdefafbiss FERESA MY AHPLEHEEC Snp nsbspraie o the (Sﬁﬁcgm]g Si npl e

ol ecul ar g QBT 5&&8&?%@5%&% ¢hedifi@irPi104-094, GaherBml e @idl €S as
i nput dat gﬁ%c?ill&ag@ol ’oéli ca Fy active nol ecules as out put s,gé COE| d be used to
gold particles and a change in colour from blue to red. The group used the approach to

25 detect lead using a lead sensitive DNAzyme, and to detect adenosine using an aptazyme.

[0016] Several examples of amplification cascades, which use catalytic nucleic acids,
are known in the art. The zymogene/DzyNA approach combines target amplification
(e.g. PCR), with DNAzyme replication. The DNAzymes, which are co-amplified with the
target, cleave one or more universal reporter substrate (s) permitting generic detection of
30 one or more targets (US 6,140,055; US 6,201,113; US 6365724; WO 99/45146, Todd ef
al., 2000). Strategies for amplification cascades have been devised which use catalytic
nucleic acids, instead of protein enzymes to mediate amplification. In another approach, a

signal amplification cascade used two inactive, circularized 10:23 DNAzymes which



create systens for the |logical control of biological processes (Benenson et
al, 2004). As 25 proof of concept in vitro, Benenson et al devel oped a

bi o- nol e uter that was capable of (i) neasurigg ance of
speci fi c%g@%@@g} RNA speci es, and (i%) respondi ng by@é‘%@gﬁﬁgﬂg single
stranded DNA anti-sense nol ecul e capabte of affecting gene expression.

Anot her nol ecul ar aut omat on, which used a network of DNAzynmes to create

nol ecul ar Weisatapalle §f ectijatieg cachamherygrrasmeervese piseliing i1 Endagisatioge Faul

(St oj anovi.¢ f ! i L DA, i th

| i gase ac ?dvmeﬁ%@%%g%é} %or GP%D% ﬂﬁggﬁ?@iﬂ%ﬁ%ﬁﬁ@ﬁ? %l Eil% §¥ej %I r eagﬁ%ag\ét 0 one
sequence, a@ivityt 1 thisgedction, st eigryme Sigpias ar@RNA aintahdhg skgiuaclestidessd ch in
e S ShEn, T 4 oS 000 b S b s
For exé‘”pbﬁgonﬁclébﬁﬂ%_ls Go A, 10846 Bat BbE/MIed 1hR0M 881" £r8ARBIE] cdsisddl I N
based on a Tonbi nation of physiol ogical signals, for exanple, high bl ood
sugar andwhisl pgbdrcesyor (Ome ohheth Ehd finspandrseg@ibozfoget her, the progress in
di scovering new functionality for nucleic acids has provided a series of
tool s, suthols] apucakeresidacaicalat Abye beennuokidersd doi dsgngenef Melscksiotagidzlir al
conponent s ich allow.the devel.o nt of..c nents for .new nano-scal e
nol ecul ar #P 3%C?I’ﬁe%gp‘?wtlfydﬁfiagim$§§€g$§y cB‘tugf?gg@giggﬁté%eOf%é%ﬁﬁmﬁ% ¥ Sper at e
nanodevi CgsdaRs @b BiagndsiChydioidating sidyr dnglilFRbtiQN (ar:0aRSHeSic Wieh

i ncl ude branch chain migration, inhibition of hybridisation between

conpl efentRd assadn schtnssar 8 yiadyios pmliceiians ofist Hgh disgnostisy, TGP hai rpi n
formati ong,. (i Sl t Ll Cilsl Igkdid

| nduct i on Ak SHERARENERA Aal B bl bibADIERGTBUINERTE R Manr il oy
axi s, shrdektssghésvaciss ehichmbytreansd attbergpemiieement s. A nodul ar DNA si gnal
translator for the controlled release of a protein by an aptaner used an
arbi trary[ DNA seDudosaha@at coputt infoBeytiom ond oSk forel int2806):, decd@@28td Thus,
R N L o e
devi ces, baabladbne1Phe HotiPaBRbE1 dRYHIERS whi&hlpan ulies RRGER! ERYmES I(Ng

stabl e, nucleic acid conponents. Summ dtv [ 002 I n"one aspect of the

i nvent i onyestrittipe endonpplosse dad adigats) ded darble wirtndad EBWp (B Wiepynaa of.€48%) one

ol tgonuc! agt IR AR LA IS oS 3hd dRABKAY BRAEATRL L3Ry, T8 SpuPne. of 2
catal ytic core-portion, a sensor arm portion, and a substrateée arm‘portion,
‘and at | easd aotvenatdimteherogednigah byl sidciide ofotp capenipristel Bbitedoftwam The group
conprising an assenbly, facilitatqr aligonucleotide,. a substrate

o T bonucl SBPRaRn GHeEe| U1 § SHID ToF LarFon 1oL SEHBRy S RER o Y3 any
conbi nat i gpdubiBE QfeidtaBTauhuS dlolbdil @EUNBsdE Whd SllorhSoCaFRAbl Rit0bnd @A Ng a
mul ti cornponent "nucl eic acid (MNA) conpl ex. [0023a] I n anot her aspect of the
i nvent i onthadematstienyrelided a nol ecul ar switch conprising at |east one

ol i gonucl eotide partzynme, wherein said panzynme conprises at |east one of a
cat al yti c [66F%] pSimplonmokgclanssole awearpomeblsn compeen, stiieh resee bEogigdrti on,
and at | east e further. oli i n t fr.o group
compri si nd At assBh puckie FaEeEE} heS<raRAPRTh ABER SR IR

ol i gonucl eaficOstemn facihb Vodioal cotitdbiof biolagick] procasse(Bunyndonhi bi, 20B4)0As any
I 1 Gonp ST aical 6 HEPQRORE CopFEaoPeieh b o0 HPGIE T8 ment
the switch By §OPHhaSuoihe aBssIHLe S GRIREC es?n B ANA dnkcias sebkied
conpl ex, aaﬁlﬁ_y gizsenb_l egdﬂl{.l/l\lAzyrre, or aﬁf uI%I y egtslslg&rrbl edca@égl yti ggll??y

i nactive KEpNAlicphprdsasinBur tihge straifed SR A ehtineise carpeviestpalrie of affecting

gene expression. Another molecular automaton, which used a network of DNAzymes to

create molecular-scale logic gates, was programmed to play “tic-tac-toe” (Stojanovic and
30 Stefanovic , 2003}, Recently, a binary DNAzyme with ligase activity was engineered to
recognize and hybridize (“read”) to one sequence, and to ligate (“write”) a separate,

distinct sequence, which in turn could be amplified by PCR (Tabor et al, 2006).



[ 0025 ] In another enbodiment the activity inhibitor conprises a
nucl eoti de sequence substantially nonﬁcorrpl enentary to at |east one of'
said oligonucleotides. [ 0026 ] In another enbodi nent one or nore of the
partzyne [Sgnsor 1a4hgs Whge MRTAZyIBySaties! nsdrfaces Mith bbbk ggseankdvy Yreai | it at or
ol i gonucleoti de and the substrate oligonucleotide conprise at |east two
mol ecul esappEeativherFor sranple, msiaple DN Acloghr §5 fRUScRs e arIPase ¢hBsHEY t zyne
substrate_ ar t he. .asse aci | i ' i rate
ol i gonucl ‘?C{m ?O?’ﬂ%m%%ninév%:#ﬁy&?%ﬁ%cg’% % rgl%(r}tﬂa%’s%%%%’ ?/]9 éhnﬁls%? %%‘r% %&;ﬁ%’orrpri se
at |east anéspeoicon efd sElifigteoniioeyeTogasthéry . thh P0O2%s ihndaemthng new
enbodi nent, one or nore of the partzynme sensor arng, St}lggapartzyrn

t

e
subst r at efuagtionality BT A4slEivnIASH BES PIOVEEEr2 §PFGouE s SfENE &thstrat e

ol i gonucl eot | de ~ 361 8bnbGaste 9BEn ABLATEL (bRl GAST one
assenbly ?a%‘lﬁm& ug?é.{c %&%%&P%ﬁ%gﬁ%r&% odisrrent, at least o ee(I:lorrponent
of said saipifoheitsicapabbe-shichetlagladapicbdeso as to increase or decrease
the sensitivity of the conplex to an input event and/or to alter the

i ntensity @fhzlgn Qb pUbrede@od havi ‘:Q:@lﬂ%s]edl D apéx}afet Ina:[odew'ﬁ&;ldian?mftc:n!im
activity 1nhibitor may conprise at |east one of an . asse facilitator
domai n,  aetinding i) b Gratior PaEEETR, WECH %WFEF%B&B%W@%&%W I Gomai n,
or any cophinat} f loihRa @Rt DLk, SRPQELIBAL sd-RGiSi hch may
further cgﬁﬁlﬁfsé{é&;tbg%%ggog#em%ﬁ%fIsFéHg? F90031n] I n anot her en%iémqg'rrent at
| east oneegeippo heinin obmaaiods,si)t dbavery wongpr i rseriatiou ehdiroclasiedand] (G032 ] In
a further embodinpnt at | east. one conponent of said.swtch further
conpr i sesgEciogas GSﬁfgnﬂ%ﬂ?Spal?atnigEﬁ ghe :aér’boﬁg}ctni Hoé?d ot Gdﬁwm ofit her eof .
[0032a] I n 1ASPE thd ©fnslhy HAveREAONA hbaile DSARI Y gadiatdigoube of an
M NA corrpFex as a nol ecul ar switch, wherein said conplex transitions from
an acti vecdudrolied iahest plaepiieiaby shrpplekeorset ppraaaiyd & speuss g Bet ve MNA
conplex in res e t i nput event, said inactive MNA conpl ex conprises
a di sasse yérda%g%fﬂgg;ﬁgs)parti ally assenmbl ed conplex, a fully assenbl ed

catal ytically .inactive MNA conpl ex r._an I, .an Ld_i.nput event
results i 0@%& 2@?@%’3? Btg® %IW?&%&’@%@ Wpﬁiﬁ\&%}r e gotg‘%r ?&ftﬁg”

di sassenmblyapfis 2rGat abivtidnadf tireas! iefdyNAZYRY of Aand-QRAR3)dvitearintinging exanpl e
descri bed herein there is provided use of an MNA ex. as a nol ecul ar

. ) e conp|
switch, whmgeitkmahde devicshpTiash eanAeIeriPBRAY YSRhT e, THEE1i a7 COFPARTATt i ve M NA
conplex in response to an input event. [ 0034 ] In one enbodi nent the
i nactive conplex may conprise a disassenbled conplex, a partially assenbl ed
conplex, or a fully assenbled catalytically inactive conplex. Further, the
catal ytically inactive MNA cowpiMs®say conprise an assenbly inhibitor.
Still further, the catalytically inactive M NA conplex may be an MNAL WO
2008/ 040095PGT] Alilép0 a5thE 1B ehiti @0 Jter} islprowded herleniao avitdntontpneing VENA
may conprise an act.ivit Lghibitor ich conprjses at Leasé one of .an
activity izhifEBions PLgIRECAbCSRAIZERry RES PR SO AD IH W% a
reporter donRiiBco® puisl & 3ERoASRbEioR! andYsub el Bl beiok e fsast one

further oligonucleotide component selected from the group comprising an assembly

facilitator oligomucieotide, a substrats oligonucleotide, an activity inhibitor and an
assembly inhibitor or any combination thersof wherein said molecular switch is capable

' of forming & multicomponent mucleic acid (MNA) corplex.,

[0023a] Tn another aspect of the invention, there is provided a molecular switch
comprising at least one oligonucleotide partzyme, wherein said partzyme comprises at
Jeast one of a catalytic core portion, a sensor arm portion, and a substrate arm portion,
and at least one further oligonucleotide component selected from the group comprising an
assembly facilitator oligonucleotide, a substrate oligonucleotide, an activity inhibitor and
an assembly inhibitor or any combination thereof wherein said molecular switch is

capable of forming a multicomponent nucleic acid (MNA) complex.



[ 0036 ] Tn another enbodinment the transition to an active MNAzyne may
conprise 5 displacenent fromsaid MNAI of at |east said activity inhibitor
or activity inhibitor domain. Furthey, the displacenent may invol ve

cl eavage of a cleavable substrate linking said activity inhibitor domain
and said activator assenbly facilitator domain. [ 0037 ] In another

enbodi nent the input event may conprise renoval of an inhibitor, or

i nact i vaf D&t lof mapnd wbpdimenty teuAstslomayhemayise FEiseHemDd “—ldh%om}"ﬂ%ta event

may result the a nb a ga ti ac Std
further, Hgﬁfnﬁﬁ¥m%§§nt&%%ﬁ&‘ %ﬁ' F%%%?ygh %?\a aétlvat%r Ichis

(i) prov h@@ﬂbllaycmmngmﬁacawmgmﬁqﬂexl FhrtBerpfiedisdtchofian comadtd em i n t he
envi ronnment of the M NA conpl ex. [0038]In anot her exanple descri bed herein
there i sMI¥&vi ded the use of an MNA conpl ex as a nol ecul ar switch,
wherein said conplex transitions froman active to an Isinactive M NA
conplex in response to an input event. [ 0039 ] In one enbodi nent the
active conplex may be an MNAzyne [ 0040 ] In another enbodi nment the
transition to an inactive KNA conplex may be associated with di sassenbly of
an active MNA conplex. Further, transition to an inactive M NA conpl ex may
be associated with assenbly of an inactive Ivril\TA conplex. 20 [ 0041 ] In
anot her enbodi nent the input event may be addition of an inhibitor or
activation of an inhibitory function thereof. Further, the input event may
be binding of an inhibitor. Still further the inhibitor may be an assenbly
inhibitor. Yet still further, the inhibitor may be an activity inhibitor O
activity inhibitor domain. [ 0042 ] In another enbodi ment the inactive M NA
conpl ex maybe an I VENAIi . 25[ 0043 ] In another enbodi ment the activity

i nhibitor or assenbly inhibitor may be (i) provided by exogenous provision
or (ii) a product of a reaction in the environnent of the N NA conplex. [
0044 1 in another enbodi nent of either of the previous two aspects the
"flask-ion may result in a change in output signal. 30[ 0045 ] In another
enbodi ment of either of the previous two aspects the input event may be

sel ected fromthe group conprising change in tenperature, salt
concentration, WD 2008/ 040095PCT/ A112007/001527 9 ionic strength, pH

di val ent cation presence or absence, type or concentration, electric
charge, magnetic charge, physical manipul ation and change in concentration
of an MNA. or nodul ator conponent or conponent of the m croenvironnment, or
any conbination thereof. [ 0046 ] In another enbodi nent of either of the
previ ous two aspects the change in output signal nay conprise the
appearance of a signal previously absent, the disappearance of a signal
previously present, or an increase or decrease in output signal.



[ 0047 ] In another enbodi ment of either of the previous two aspects the
out put signal may depend on extent of?7 nodification of a substrate, wherein
the nodification is selected i ofromthe group conprising cl eavage,

| i gati on,- r-phyr.i 4 at i t?‘%ﬂ}- ; | afhRneAensgs, ester
bonds or[g@i}%cieqéoaﬁ S%ﬁ%@gﬁ%&%%ﬁtﬁ on ?ﬁherféggﬁs[%ggﬁgﬁ]s In Cg‘ﬁléot her
enbodi negtssehtgiytiietoableikenpr v bag cheo! sspekgmurhetidast put signal nay be
determ ned by fluorescence spectroscopy, surface plasnon resonance, mass
Spectros E 0% ] \WRnotBkesioan &P bfe GeBeRaTaR: pablyar eadc amnd, fugrescence

spectroscopy,” 15 circul ar dichroism inmmunoassay, chromatqgra .
r adi onet syhsth etmdter agsensdy fRoiliptap AY2oTEFiER Tt oM TAE, ‘%ﬁﬁ%?% e fight
or infra red.spectrasco Zymb L copbLnat, oM ther eof .
Furt her, C?%Bm&ea‘fgﬂaﬁﬁtﬁgﬁp%%wﬁ%y be bfﬁ;)ﬁ%?ﬁ@% ﬁf%@%ﬁner Ege%rg‘srg ttisng t he

out put si;gRaimet Quingaguanhd,f ited.as@nibtly failitdier , olidoenciegitier Uble Bbstde i nput
event may be determ ned from.the quantif.ied ogi%)ut si gnal.. \(eltaggtoinél
further, cBEemeleotste, TErstil Dh AR NPT | R ASPETRRY R AREIEYOT WEY SHERHE & 'GHA ey be

anplified, . F 1€ L fhe output signal anplification nay be generated
by a si g%%ﬁmnc%%é]ggé@ar%%%%ﬁlﬁ? anot her exanpl e described herein there is

provi ded j_.conpri s r £ kil %%@%g&%gweand at

| east oné%ﬁ%mﬁoﬁgﬁ%@%#%?%@aFﬁe)o.rr Opﬂh&% 050 | In one €enbodi nent the
MN_Ki  maysyfdwetchens, aaapstmsydheilivas blipmeckst émhd/ tH25iheiats eligogreledtidp051 | | n
anot her enbodi nent the activity inhibit may conpri.se.at. | east one of an
act i vat ormasiehscy PRI [opHar RISHE e Bgieta?t\f%‘te)f‘sﬁ%l%@mﬁomi n, a
reporter domain, a substrate domai or any conbinatj.on .thereof.. Further,

at | east [t0RB8bf Ehewother pmbps}éme%abf@?ﬁﬂ%ﬁﬁ}?ﬁ?@%t sadt TR S OREVE DI y

facilitator d i QNN B J¥RM Qo GhShimct
domai ns %mha@a%ggisggg;é itﬂ‘%ﬁﬁgag?tg %Pgar%%rpﬁi urt he@%ﬂat?gl%gﬁgi t wo ofpt he
activity dvehizhi/boh stienhé mtertshpobat smtteignassenbl y facilitator domain and
the reporter domain may be linked by a labile Iinker or cleavable
substrat .o0¥el 84 b lkrifet Bdtbdimetithie adifviguibbibitat mayeympospstiisst et dfgast one
of an activator assenbly facilitator. dorrg})n, .an activi J, i.nhi bi tgratedomai n,
a repor t eassadmnifsrilitger omalEo AHTRET RSO EPTET: 3 FHHET %1 TH%ah St

F

embodi meng ;,%BEEO?QJ%%&@H%QO@ may conprise a nucl eotide sequence
subst ant i @l y’non-‘conpl ementary to at | east one of said two or nore

ol i gonucl egt.i.de ¢ irher S ' et
f acigl itat lg&arqu I%gnn%ﬁ)%}:eﬁﬂa%@ daatuis ﬁqﬁhtebh%gp%ﬁ% daBeorR Y
arm.

Furt her, t

[0031] In another embodiment at least one component of said switch may comprise a
nucleic acid.

[0032] Tn a further embodiment at least one component of sald switch may further

comprises at least one nanoparticle, microparticle, or combination thereof.

[0032a] In another aspect of the invention, there is provided the use of an MNA
complex as a molecular switch, wherein said complex transitions from an active to an
inactive MNA complex or from an inactive to an active MNA complex in response to an
input event, said inactive MNA complex comprises a disassembled complex, a partially
assembled complex, a fully assembled catalytically inactive MNA complex, or an MNAA,
and said input event results in the assembly of a catalytically active MNAzyme, or, the

disassembly of a catalytically active MNAzyme.



nucleic acid may be selected fromthe group consisting of DNA nethyl ated
DNA, alltylated DNA, RNA, nethylated7§NA, rai croRNA, si RNA, shRNA, tRNA,
MR_NA, snoR NA, stRNA, snRNA, pre- and pri-inicroRNA, other non-coding
RNAs, ribosormal RNA, derivatives thereof, anplicons, or any conbination
thereof. [ 0054 ] In another enbodi nent at | east one conponent of the MNA

may furt[ggs31coNpri, SeodRr RAANEdesdriR@4R1diN tRROiNPFovafdesk «ff ad MNANventi on,
there is provided a nulti-conponent nucleic aC|d.|ngct|ve.proe zyme (MNAI)

conposi t5OBW IS MelcAyantWifEadpereiioalt coppie® BRISTIRG S8t Fa“ESHBShent s
wher ei n Qtivd B84 c@nblek & re@lon@ORUE iR edgitconponent and a second

ol i gonucl eotide conponent are capable of self-assenmbly in the presence of
at | eaSLo@.ﬂl ) 'c\i'ﬂHAoﬁé) RlE8%inRek i 1Mé ti¥adtiRhi RinidEx WhSY ebMpeach @hasalleat | east
first and s second ol i gonucl eoti de coriponent's conprise a substrate arm
por t i ongomplent alpattiaby csrariet thopletand 2afidbnewembiedh géitticelty masErei n upon

sel f-assenbly,_the sensor, ai m por L f, said first q% ecand
oIigonuE@E@F%J%HE%ﬂgﬁ%%%QQQQ@b]%%%ggﬁégfL3?%§§X€¥? %%%%Sga @S%’}ﬁ%ortion of
the firshiand secantoglisgenieladl indeeoTRaneMSeagty &sasbeir ate arms, and
the catalytic core portion of the first and second ol i gonucl eoti de
conponents formthe non-functional catalytic core; and wherein upon

sel f-assenbly at | east one sensor aiminteracts with said activity

i nhibitor and said first and second ol i gonucl eoti de conponents are

mai ntained in proximty for association of their respective catalytic core
portions to forma nonfunctional catalytic core. [0055]1In another exanple
descri bed herein there is provided an I VINA conposition conprising at

| east two or nore oligonucl eotide conponents wherein at |least a first

ol i gonucl eoti de conponent and a second ol i gonucl eoti de conponent are
capabl e of self-assenbly in the presence of at |east one MNA conpl ex
activity inhibitor wherein each of said at |least first and said second

ol i gonucl eoti de conponents conprise a substrate armportion, a catalytic
core portion, and a sensor arm portion; wherein upon self-assenbly, the
sensor armportion of said first and second ol i gonucl eoti de conponents act
as sensor arns, the substrate armportion of the first and second

ol i gonucl eoti de conponents act as substrate arns, and the catalytic core
portion of the first and second oligonucl eoti de conponents foul' the
non-functional catalytic core; snd 10a wher ei n upon sel f-assenbly at

| east one sensor arminteracts with said activity inhibitor and said first
and second ol i gonucl eoti de conponents are nmaintained in proximty for
association of their respective catalytic core portions to forma
nonfunctional catalytic core. [ 0056 ] In one enbodi mnent the | NCNI Al
conposition may further conprise at | east one assenbly facilitator. [ 0057
] I'n anot her enbodi nent the activity inhibitor may conprise at | east one of
an activator assenbly facilitator domain, activity inhibitor domain, a
reporter domain, a substrate domain, or any conbination thereof WO

2008/ 040095PCDAU2007/ 001517 [ 0058 ] I n another enbodi ment at |east two of
the activity inhibitor domain, the activator assenbly facilitator domain
and the reporter domain nmay be | ocated on distinct domains of the activity
inhibitor. Further, at least two of the activity inhibitor donmain, the
activator assenbly facilitator domain and the reporter domain nay be |inked
by a labile 5linker or a cleavable substrate, [ 0059 ] In another

enbodi nent the activity inhibitor may be a substrate. [ 0060 ] In another
enbodi nent the activity inhibitor nmay conprise a nucl eotide sequence
substantially non-conpl enentary to at | east one of said two or nore

ol i gonucl eoti de conponents. 10 [ 0061 ] In another enbodi nent at |east one
conponent of the conplex may contain at | east one aptaner or portion

t hereof wherein said aptanmer or portion thereof binds a |igand sel ected
fromthe group conprising nucleic acids, proteins, glycoproteins, |ipids,

| i poproteins, cells, viruses, bacteria, archaea, fungi, antibodies,

nmet abol i tes, pathogens, toxins, contam nants, poisons, small nol ecul es,
polymers, netal ions, netal salts, prions 15or any derivatives, portions or
conbi nati ons thereof.



[ 0062 ] In another aspect of the invention there is provided a nethod for
t he det LR e9fee@n assenbly facilitator using a signabrRassadesgonprising
a first yrne, an MNA conplex initkally present in a substantially

catalytically inactive form (MNAi ), an activity inhibitor capable of being

nodi fied by said first MNAzynme to vi de a detectable effect, 2 erein
sai d act ilVI0BY] i Empether enbpdEpih ﬂ%‘n%gﬂ TPRY yOTRAFD 2 é?t“’&tﬁdl‘]&lgﬁ%ft %’gﬁ?al
substrate; _and ej SO6L ats: i WENE with
part 2y e PRt 4o B R A b e e e P el o1
activity dfnagakdefortestorhdilzysbstfaaiohizimgbesny demisattah yidreofact i vity of said
first MNAzyne thereby providing nodification of said activity inhibitor to
rel ease amagti YakRsthassEvadN et aks trirlspfic@r todematdveant A2nmachiw tdryprds

i nhi bitor domain of said activity inhibitor and wherein said release

provi des dailatenentetombsaad MINAE LT apffgst said \JeEYIEY Mlktion o eacEsEe HEBET vat or
assenbly facili ar I i I e MiAzype from
conmponent OG- s%ﬁﬁ)eﬁﬂﬁﬁg%%%g %%&kgﬁe%%%r%ia%&%ag@T 5‘?“? gaactl wg?y of
sai d secognt Mibzybadinpaifiie sndaidhcdtstiovissymblylfadiithor d@64io. r el ease furt her
activity inhibitor domains and further activator assenbly facilitator

donai ns, @nd7whes ehstnsdthdighease pravidesmbycbhptsedeneocd alflae isfibaet , and,
WO 2008/ 040095PCT/ AU2007/ 001517 12 wherein said further activator
assenbl y dravicHiatined o dnabivsy fmeiian thereel dusibabie 18Rt s¥a mayAer!ide #5nd

MNAzynes {her [We]! / ézguajiﬁ.d t i gal | d
I\/NAzyrlr‘és %Sﬁeeanggéf%rE%%lbfgl&%g a%ﬁet]ﬂgi et 'ecsﬁrz’iﬂb e %I:‘ gg{l@ﬁ;t ?i%lrll%:%lt@? égﬁg[%dt he
presence gbvisiohdf as seivatoy whindiik (i} mouided bf c0QB80s trovigmeoepi egiorant oft he
activity inhibitor may. be a repotrter-inhjbitor-facilitator. [ 0064 ] In
anot her eﬁﬁé%ﬁ%ﬁifhft@“ﬂéng‘mﬁ%@&ﬁi‘bé‘éf’ama ivity inhibitor, said first
MNAzyme or said second MNA conpl ex conponents may be attached to an

i nsol ubl e BogRort. Inkhn@RE&Sxkmbl dRaitidrheaiib agdiaBirodiel the usopRaroMNai d

activity inhibitor, said first me .or_saj d second conpl

conponent SCOFPé@“Xbaé‘ ¥ e C?‘ﬁr §‘61%?h’ F%l’r%%é{‘f‘ Sﬁg%ﬂ?leﬁnﬁa&ﬁ%@ﬁ%%ﬂ%noallr‘?g)r{i The
activijty iinkitibe M A oByiplenimpfesgmsato dndagit coene. of an assenbly facilitator
domain, activity inhibitor domain, a reporter donmain, a substrate donain,
or any copbizsat i Brnt kebedinenfiie bdiee cotihiex actyibeish WINARyk.t or may conprise a
detectabl e noi ety and a quencher, wherein upon nodification of said
activity [nhooj tRr ayher cbhosied: e Sinsiionsai b wecihedMIAzZymERx angeteect abl e
effect provided by said detectable jety is1 i ncr asg_d or. decreasgd. Still
further, eseciaiet ssbabiassearorbetanpgy” ) T FARBATER @B mactve

Spect r 0SCopy, cﬁ;ﬁgﬁﬁ%@%&%&&m@%&%g&my BRSPS aRSL I0ACERYKIexNI VER el ectron
spi n resonance, polarrzation fluorescence spectroscopy, circular dichroism

i munoass E%OLQC(;P L&”ﬁ%ﬁ%&a%yadﬁﬁ% It}? A 1Y v GhATBL ) ditiSh | RO ARYy or

el ect rni VI SI Tirght or i'nfra red spectroscopy,
enzymat i ¢ 2peiHedss af inhitondirhitihaticomnit Retleof the Yot stend haif e bihéing of e

detectabl e effect ma e asur.ed and t he magni tyde, of .sai surenment is
i ndi cat i véﬂé@ltofi'h@ﬁau%}ﬁg?rtfggb‘aﬂ for e &y Sﬁeégl?qﬁ d‘flg’ﬁ X[e?ég%%gfmf’ﬁg%not her

enbodi "Bntmhﬁ?m [k £ 6] tnbibAbiQ: afBYyREiBitdAaRln. Further, the target
may be a nucleic acid selected fromthe group conprising DNA nethyl ated

DNA, 25 ah@ﬁlﬁﬁ} eg% %er?%% uhﬂ}ﬁé ﬁ’sta.&ngA ) 1&%’0633#%&.5 hRNA, t RNA,

rNR.NA, s _ _ pre- and pri-m croRNA" ot her non-coding RNAs,
r bosoga ! [%% ] d%{ LGRS otdggén‘??ge’ acﬂ‘% AT o?ras_s@ﬂxlyciﬂﬁﬁgit&aﬁlb}Q Be ki ereof .

provided by exogenous provision or (i) 2 product of a reaction in the envircument of the

MNA complex.

[ 00447 In another embodiment of either of the previous two aspects the transition may

result in a chenge in output signal.

3 [0045] In enother embodiment of either of the previous two aspects the input event

may be selected from the group comprising change in temperafure, salt concentration,



[ 0068 ] In another enbodi nent at | east one of the conponents of the first
MNAzyme and/ or the second MNAconpl ex further nmay conprise an aptaner and
wher ei n SE0DAR0083B004Rt hod provi des for the detection of ECKAFAHA/OWRITh bi nds
to said aptanmer. Further, the ligand nfiy conprise protein, polypeptide,

peptide or nucleic acid, glycoproteins, |lipids, |ipoproteins, cells,
vi ruses, 1 erl RRSR [[-Ye) 8 ' LidESratRat Beggns, 13
t oxi ns, cgﬁf?%%&%%m g,ﬁ(’:pm s%tni#ﬁgrﬁriareE%ggghfegﬁ%ﬁaan%ﬁ ﬂr(rll) eaggﬁ’eg, pol ymers,

met al i ongharg®tradensiid dharge prhiysing manpwpticeaidvetnyeln cpordnitationnf aolbiAnat i on
thereof. [ 0069 ] In another enbodinment.the assenbly facilitator may be a
synt het i ¢ 9 PFHHRIE WEPPHEL RhCEHPIRTS 4 e AuFQpTi ot E: .Or[anﬁogf’é’l%}mp?ﬁ/anot her
enbodi menty fhe assenbly of catalytically active 1VENAzymes may be regul at ed
by an i nput event selected fromthe.group conprising change in tenperature,
sal t Co" Aok A and AP LHBHERRO LR cithb: ok ArBibns Al BB GRPRGR 0
absencé, pe or “concentration, electric charge, nagnetic charge, ysi cal
mani pul at icatpuanderehange compdendent apatiranceofof an diftal opremipdsil attsentc dhgponent

or conponent of the m c¢croenvironnent, or any conbi pation, thereaf. .[0070a]ln
anot her asHBERERFICE He STHEEHEVIONLY PIEFE TSR iPEASH I o et WAt S'dtlect i ng a
t ar get usiﬂma cascade, wherein said cascade conprises an_initiatin

MNAZyne f Al dn meheppebeiipentott diRrgot Be PEtvious AFo asractssthe IRy HEH or med

in the pr a, : iG. inithiati M\!ﬁg i i d

met hod cor%rgpgéeggr?{ %ne”xgegl gg@ﬁ%}f‘ﬁ&(ﬁ D?:Sdglﬂ %’%ﬁaﬁ%wg‘%au rst )ﬁsu scfa\ﬁg]t?g’eé\?\nﬁ% @s aid

i nitiabi ngrdviNAzp@mtcomoesier dtaage,fligngon, pegdyhh ypefadietiidn, fatetipn 61 ¢aybon-
assenbling said firs ynme W th said first .assenbly facilitator; and
Ty mare PRGoRt SraPe s A HRE T a e 2 (R B Miazyrme: and
wherein said nodification of at Ijga t ogﬁﬁof said first or said addjtional
subst r at ed §¥® dude duoihe sRBREREPECLTET P! IR TARISVEO GFPIHetbh PEREh T bf sai d
target. [ ] the LAV I i ided a
et hod of a1 et e e By | ses
an initi atspagrov®dhyy MBHE, oflemcni spin resoprese pobriofiosaflebresenet speatréscorst

| eci Azyne f.or . in.the presence,of product..of ;said.initiati yIe;
an_ add | R DGR G ST RS B S R T Al SR TEH: SOPCSaR. 1 1 of
VENTAZY me sMa@t8icinafiaiasl Ue il e Gionpor 688 rddnBedtioepy Onz{inktiimeinb¥d Agma first
substrate with said initiating MNAzyme to generate a first assenbly -
facilitat orombingtipn afeeefo| ifwghatai e f ¢sgmipationmerewp eoEdd i jar BENBEsenbl y

facilitataq, (il i.f i aéﬂﬁ'h - Eonak.: lfQ@? ' Lt

MNAZY e tgg“gener% grgg gé&%&?itg%ael as{s%%l ?ugam %?%géermé %i @?bgghseelﬁ I'i ng

sai d addi téventamay bhlazyraEesdviti thaidiesttitidt oumalsigasls e¥i stilf aoibks, tedharor (v)
di fyi id_first bstr at ith.said diti I . t

rs’rgi Id %/I?ngt*gcgg gg ﬂ}.}ﬂr %pqt:?g?nr io{r gqeg?l;\f%ut s@n?all ma?r el ankpq%d. %grn?lﬂf, (%hquu e{ta €

signal amplification may be generated by a signal cascade.

[0049] In another example described herein there is provided an MNAi comprising two or

more oligonucleotide components and at least one activity inhibitor molecule.

[0050] In one embodiment the MINAL may further comprise at least one assembly

25 facilitator.

[0051] In another embodiment the activity inhibitor may comprise at least one of an
activator assembly facilitator domain, acfivity inhibitor domain, a reporier domain, a
substrate domain, or any combination thereof Further, at least two of the activity
inhibitor domaim, the acti\}ator essembly facilitator domain and the reporter domain may
30 be located on distinct domains of the activity inhibitor. Still further, at least two of the
activity inhibitor domain, the activator assembly facilitator domain and the reporter

domain may be linked by a labile linker or cleavable substraie, Vet still further, the



(vi) assenbling said first MNAzyne with said first assenbly facilitator

rel eased from (v) thereby form ng anl@nplification cascade; and wherein
said nodification of at |east one of said first or said additional
substrates _produces a det ectabl fect, . indicatl 0 p cg, of said
target. ° ?gat“[ W??Wprgg agﬂé%gﬁggﬁfﬁ%n%c%ﬁ%e@%%ﬁ%t Cﬁfébf%rsaatlﬁ%ﬁfg’i %st or
sai d addidivRpahines embhy, £ @eirtd Gamansonay dmbdeitioudioecfassenbl y
facilitators. [ 0073 ] In another enbodiment the first substrate nay be an
activityr haisbig,0 S@ih afrh &8t hb ey MBhini WD 12808694069 2 RclANRE07/ 001517
14 | 007£4®(i'ﬁil]n %n%%oﬁieerr egﬁn%gg%lrrent the anmplifi cati%ﬁ c%ggade may be a

f eedbacksegnpick f bubatziailyc ase-aospleneg@ys P Eh leadotdwér cbristiditientt £Hee
addi ti onal, sugstr te may be an activity inhibitor for said additional
MNAzy e, %530 ?@Id]aecf’wp 8ther enbodi nent the first and/or said additional

L kL o
enbodi ”Eﬂ&%i?%ﬁﬁgfn%& RN RFeaSRie @8 dirbi® nahsi MNAZ¥MBNRY meOREfd SBNHIWO

part zymes econe cat al %tl cally active in_the presence of at |east two

10ass enbhlykdi DNt FoFA coepulatadt RNA] migrd YA siRaHot HENAnBodh reRilAt he fir st

and/ or sai d.additj.qQnal r . Qg@t} e 1y -g@@ [ Legone
catal yti &4 1\“yﬂa %spﬁ%@%ﬁa& nchl 0 %‘Feoréﬁlggrneﬁg%é% sse%m%lrdég? aclilitator
conponengsiA, [e@PAed tbRoRBOphens erhodtombinatiretiemofet may be an assenbly
facilitator nolecule to be 15 detected, identified or quantitated. Further,

the tar eho Yy B0 CeonfooikfbiRi £ 186t bneStdrigonbutr bhete, MG sue Ifeifier aci d may
be selected fromthe group conprising DNA nethylated DNA, allcylated DNA,
RNA, net hydatsednRiEmer cr oRNA, si RNA, shR NA, t RNA, nRNA, snoRNA, st RNA,
snaRNA, pre- and pri-mcroRNA, other non-coding RNAs, ribosonmal RNA,
deri vat i es4d]her ebf gnesirenpispasb s theoimvariyone drs A PToiled e PESHCHBRONSE | | 20
further, 18 80U ELHQE phhehrRd QVHEIAG) aahgbsiviy doenpsisingct dehst vanet meregr oup
corrplr ISl &%?ié&g&%el gdmp%%?'&}tgfﬁn 'a%’ B 2 3B oonilivilae opeadnt dpact erial ,
virat ?second olig%rrlugggtid%cgzomlpgr?enlt grg capa%qee&f self-assembly in the presence of at least
" one MNA complex activity inhibitor wherein each of said at least first and said second
| oligonucleotide components comprise a substrate arm portion, a catalytic core portion,

and a sensor arm portion; wherein upon self-assembly, the sensor arm portion of said first

and second oligonucleotide components act as sensor arms, the substrate arm portion of

the first and second oligonucleotide components act as substrate arms, and the catalytic

core portion of the first and second oligenucleotide components form the non-functional

catalytic core; and wherein upon self-assembly at least one sensor arm interacts with said

activity inhibitor and said first and second oligonucleotide components are maintained in

proximity for association of their respective catalytic core portions to form a non-

functional catalytic core. |
[0055] In another example described herein there is provided an MNAi composition |

comprising at least two or more oligonucleotide components wherein at least a first
oligomucleotide component and a second oiilgonucleo’cide component are capable of self-
assernbly in the presence of at least one MINA complex activity inhibitor wherein each of
said at least first and said second oligonucleotide components comprise a substrate arm
portion, & catalytic core portion, and 2 sensor arm portion; wherein upon self-zssentbly,
the sensor arm portion of said first and second oligonucleotide components act as sensor
arms, the substrate arm portion of the first and second oligonucleotide components act as
substraie arms, and the catalytic core portion of the first and second oligonucleotide

components form the non-functiona] catalytic core; and



[ 0080 ] In another enbodi nent at | gst one of said M\rAzynes may furt her
conprise at |east one aptamer. Furth&F, the aptamer may bind at |east one

ligand. Still further, the 25 ligand may be selected fromthe group
conpri si NgwREQLELPSH sROAXRENTIHesst pepiseetes amflietepios aithdsid altviippr ot ei ns,
lipids, Iipoproteins, cells, viruses, bacteria, archaea, fungi, antibodies,

met abolitiér mat seidefist ndxicpend EBEEFIHEN SOTPHONFGhETe SNBSS Bani sis,

smal | nol ecul e ol yoer s i , I : i r /

Gor valroRe per RORETl YoE REPrang ehmy o iR ot 1P MSPT A8
2008104009pPEHaAR2QQFE001517 15 [ 0082 ] In another enbodi nent the
substrate or substrates may conpri se a detectable portion and a quencher ‘
portion,gi3pq whehekRbshesn e taddngibstfonsabd fistbstaairie by 1kt dkast one of
said I V'LNAzynes, a detectable effect is provided by said detectable

por t i oressembdPBBiljtatbn anot her enbodi nent the detectable effect may be
detected by at |east one of fluorescence spectroscopy, surface plasnon

r esonarid®s7 imds apbet erasdopyt e ardslly ellebiaronaispitapitse b HaRc®e Paatar i zat i on

fl uorescence spectrosc i.rcul ar.. di chy.oj sr i.mn .

chr onat%§Y &ph ,5@%&?%ﬁ@@%@ﬂ&ﬁﬁﬁ%dﬁéyg¥fgégg%ﬁ?%P%Bh§?a%§%§¥@%%¥%ahethods,
W, Vi si,bk@id k@i O zhnkdribififdn SReLr oscopy, enzymatic nethods or any
conbi nation thereof. Further, the detectable effect my be neasured,
wherein the i o nagnitude of said neasurenent is indicative of the quantity
of a target. [0084]In another exanple described herein there is provided a
nmet hod for detecting a target using a signal anplification cascade, said
signal anplification cascade conprising partzynes for a first M NAzyne, a
first substrate, partzynmes for a second MNAzyne, a DNAzyne |igase, a second
substrate, an additional partzyme and an assenbly facilitator 15 for an
additional Wfi Azyne and an additional substrate, said nmethod conprising
the following steps: (i) formng said first MNA zyne fromsaid partzynes
for a first MNAzyne in the presence of a target nolecule to be detected
(i1) cleaving said first substrate with said first MLNAzyne to generate a
plurality of 20cl eavage products ligating at | east one of said cl eavage
products with said second substrate by said DNAzyne |igase to create a

| i gated partzyne for said additional YthiAzyne;



(itv) formng said second M NAzyne fromsaid partzynmes for a second 1VNAzyne
by assenbly with at | east one of said cleavage products; (v) cleaving said

first su r 11 h said second | VENAzyne to generate r aj.d
pl urali t?@#@"%@g age products; (vi) f?rrri ng further s%éﬂ@%@@%ﬂgﬁa\m. zyne
by assenbly with at | east one of sai d* further said plurality

of cleavage products wherein assenbly of further said 30second MNAzynme
t her eby f §OABS Anlnaspithdri abddinersasclaed tresaf thengetivityabibitor slohem, ghe f urt her

S bt st SN SN B 85y Yt o ey,

cl eavage RHEEWE bSthaakis g Sniabisath Flutled: et Tkt tsaiod tHNAZ YR inhitdies €smdiv,ithe
form ng said additional MNAzynme with said additional partzyrne agg_ W th
sai d || gagedvaiesephy edgeehdama el Daireposies doBrp hachs eleddy: 2 BpUs i i)

nodi fyisngiﬁﬁér%fgggﬁéihmbsﬁaﬁ“ rate with said additional |vlINAzyne
a able e

resulting 1n et ect ect indicative of the presence of said target.

ampl i 11 Gat Lo abaag et ooy Bk BhichR: SaERRMRNCCT O eavage

product i 1th the second substr i have 2., 3" - | i
phosphat e [gﬁéffsm?lau? ?n?rﬁﬁ%ﬁm?ntog%%ﬁtgﬁtﬁ Igﬁlggﬁrern?a é’m%‘%&?%%en? lgl%é?ﬁoég%t one
of sai d cheavage sitseatsits maoheleanaact ity akioleads asbby sk@Aciks t @t afore [ 0088

] I'n anot her enpodjnent the target may be a nol ecul e to be detected,
i dent i fi e@ligonucleotide components. :

10 [0061] In another embodiment at least one component of the complex may confain at
least one aptamer or portion thereof wherein said aptamer or portion thereof binds a
'ligand selected from the group comprising nucleic acids, proteins, glycoproteins, lipids,
lipoproteins, cells, viruses, bacteria, archaea, fungi, antibodies, metabolites, pathogens,
toxins, contaminants, poisons, small molecules, polymers, metal ions, metal salts, prions

15 orany derivatives, portions or combinations thereof.

{00621 In another aspect of the invention there is provided a method for the detection
of an assembly facilitator using a signal cascade comprising a first MNAzyme, an MNA
complex initially present in a substantially catalytically inactive form (MNA1), an activity
inhibitor capable of being modified by said first MNAzyme to provide a detectable effect,

20  wherein said activity inhibitor is both an activity inhibitor and a potential substrate; and

wherein association of said assembly facilitator with partzymes for said first
MNAzyme under conditions permitting catalytic activity of said first MNAzyme
facilitates the catalytic activity of said first MNAzyme thereby providing modification of

said activity inhibitor to release an activator assembly facilitator domain and an activity

25 Inhibitor domain of said activity inhibitor and wherein said release provides said

detectable effect; and

wherein said released activator assembly facilitator domain facilitates assembly of a

second MNAzyme from components of said MNA complex; and

wherein catalytic activity of said second MNAzyme modifies said activity inhibitor
30 to release further activity inhibitor domains and further activator assembly facilitator

domains, and wherein said release provides further detectable effect, and;



or quantitated. Further, the target may conprise a nucleic acid. Still
further, the nucleic 15 acid nay be selected fromthe group conprising DNA,

met hyl at egoBNAs@bkyl ated DNA, RNA, nethylated RNA, m RN e ,
shR_NA, tRNA, MRNA, SnoRNA, stRNA, snihA, pre- and ori T EORUo0 ner
non-codi ng RNAs, ribosomal RNA, derivatives thereof, anplicons, or any

e o A e i Bl S s ™
20pl ant, famgadal sdosd BIN A ymedithabhy Aocliiagl ﬁ]?(ﬁeraé%d %ai@?ﬁﬂ%é%&?betg%% fo 1
zy

0089 ] In_another enbodiment at |east one of sai or a first
MNAzyre, BEVaimies sherdumeviding furdher deloeipdle pifes idiratiae 96 dempdeskhitzofimeid sai d
DNAzynme || I econd substrate, said additional partzyne, said
assenbl y ?%%;ﬁﬁl tf%(tqfcl)t(rgto ‘or an additional MNAzyne and sai d additi onal

substrate further conpri at. | east,.one aptaner. Still 5 .further, the
aptanet nhoind gte reBeiRHas: R it Sel B St el SRR ey be
nuch o o abPBE ) gy Bio EBmE HhCor ool e e b Pl st
bacteri a, MNLRARAer daliNgoondiN D 0ehERx cﬁﬁbgﬁnng:tél ey lbe @ﬁ%ctﬂgtg?dggrf irfsBibiLS

contam nants, poisons, entire organi sns, nol ecul es, yners, netal
ions, net@PP8&lts, prions or any derivatives, portions or combinations
30t hereof. WD 2008/ 040095PCT/ AU2007/ 001517 17 [ 0090 ] In anot her

enmbodi ment 0@ 1| dastnodve afbodanat paet ey mese fodrsasl Bithsty Miittpresaidaiet fir st

substr at s$4al ri: ond MNAzyne, .sai d.DNAzyne |igase, said
secon(]jéis%&a&g%?gééég%ﬁ%wpéﬁ%ﬁ% FEZYTHD Sﬂ%ydjei?é%qi Pacilitator for
an additi and sai d ditional,.substrate may further conprise at
| east onefél@ggc}m%\ﬁgﬁg e%@?%iﬁ? PRy lﬁl?lglg?fﬂgﬁﬁh%ﬁmlﬁ?‘?%@hgﬁﬁdﬁe[Ofég1 ] In
anot her esssedblyemtiliator| @asin, eRevief iEMith MRk Ry BRpbsr &uldif St HNAZKMe, said

first substrate, said partzynmes for a second MNAzyne, said DNAzyme |igase,
sai d secofRINERHY Akt eomazPnadaeet o Fartherathe geivity dahiditers meyrisioynptiacial i t at or

for an adgiii M[)L% . addi i _ -he attached to
an insol S%t%&%l%gr o?%@@gg%hgfe?{gg%{nuttg?%%caﬁ#ﬁégé%& %ﬁ%ﬁi;g&rz[&lﬂ%ﬁby
enbodinentaicatird eastridommond MiAdyse bs deattelsle naifscr pripides dyasse tdertable
portion d. yencher portion, ejin on nodjfication of said substrate
Dy sard nRis IR DBt T RRES, Rkl B3 BOEE dekabh €por t on
[ 0093 ] fumraneidiesperbeehyeittbepdahar adhmef eal FRdefetegied by at

| east one of 15 fluorescence spectragscopy, surface plaspon résonance, nmass
spect r 0sCOFFOTNIHD T85BaRGeo POBR Ao SBppRERce SPYcHPICPRY. eculdrudickrotence

Phot oMt 1 P P Ay SRR e B T 2

photonetry, scintigraphy, roni VI SI infra
red spectmabedpyyVenmiiatlight met ndids ralr speryromopii matyinatic trhehedf oFwniyher, the

meacur oS AR vETORTL RED oA (o O SHIG e GRPeo0H el n one

enmbodi menhagifituanyt safd hhgupmen i UFiasPeet tbe §@intt! dhE atselnslyddmlaasul € to be
detected, identified, or quantitated. The target nay conprise a nucleic

aci d. Thel ougeheirs aagthel dROIREerS %@ﬁstsﬁgbl?rfﬁ’ﬂit%@?n% MR, GATRT ERNG, BRA
met hyl ated DNA, allcyl ated DNA, RNA, nefthylated RNA, m croRNA, si RNA,
ShRNA, t RRESt menie 2 piclein arflacleaeRiinm therromp copprasing R Ap micthyilascoRNMA, ot her
non- codi il b : i vat i t f | ,qoNs any
non. %gt Ir%glﬁmfﬁzg D REATBLorfNted FEEA YV AARR AL DEREOT nrAP! RKONSHRRYA,

snoRNA, stRNA, smRNA, pre- and pri-microRNA, other non-coding RNAs, ribosomal

RNA, derivatives thereof, amplicons, or any combination thereof,

[0068 ] In another embodiment at least one of the components of the first MNAzyme
and/or the second MNAcomplex further may comprise an aptamer and wherein said
30 method provides for the detection of a ligand which binds to said aptamer. Further, the
ligand may comprise protein, polypeptide, peptide or nucleic acid, glycoproteins, lipids,

lipoproteins, oells, viruses, bacteria, archaca, fungi, antibodies, metabolites, pathogens,



[ 0095 ] The source of the nucleic ﬂgi d may be selected fromthe group
conprising synthetic, mammal i an, human, animal, plant, fungal, bacterial,
viral, .archael or any conbination thereof. 30[ 0096 ] In one enbodi nent of
any of whhigspéRviminmiaspaats shive gk, smaBonpesiies pplymaE MEEbAYYr ate an

aptaner and can detect I, gands ich bind.aptaners.. i ncluding but not

| i mi t eduet@l saip.RTERHOT %I%‘%@&W%%%ﬁ%%%&%%eﬁqﬁc aci d, glycoproteins,

lipids, WD 20081040095PCT/ A112007/ 001%%){ 18 I,jgé)rprot ei,ns, cel {hts%.g Vi ruses,

bact er i p)068r]c Hae apothein grbogimenh ol e ESSSRRPADBIIHAY, Bt hSedns Y 8% ns,

cont am nant s 0j.s0n [ jsnms, small nolecules, polyners, netal
ggpu@g&de%cﬁi aciklah %1;%3 Q%B{.

i ons, S, prions or erivative, portion or conbination

thereof, or a other entity, i t he

pr evi ougacgé)degﬁs“ﬁ&m w%%é%oa%%ég?%%tggﬁcagﬁgﬁ e@?ﬁmg%ﬁpl é&géray .
CONPr i S& R fMdCLLCirR6H fhedl sefeopioi@n he Fhepmstireisngabitknnyemprprise at

| east on€ of a’l abeled nucleic acid, RNA, DNA nucleic Cl d anal ogue,

pept i desaituchmicntraiivid jonih ckentthupihe FvalRt Falge FEsgeentic & ?“Eceagfme Chinera, or
any conbi nat.i on_t her.eof e LI I S83tiheaetd eneefinan

ant i bod§PESFTYBE t“.f%a@? cﬁ%bﬁ%@‘%ﬂ?n@@péﬁ}%@i 1%ngﬁrl any conbi Rati on

t her eof codc@natRRO&f] oAt NB@st oonecddefponemmpohenan ot dymaonesimpeiextiemy

further conprise at |east ng{ge {%antgﬁ%r%i cle or mcropartiele, or conbination
t her eof DIFESIEBIPHBTRNET P8 OBHE AT d~to an insoluble support or be free in

solution. A substrate conponent .nay..conprise. a. . Lt and a
quenchelP03@#lt i on' A F%?Sngﬁﬁgﬂr’eﬂﬂﬁ%?’P%a Fon o 1§§% %&%%}gf{% t g?‘é&%@?sai d

M NAzynﬁlage@ugﬁ%ggés@@eﬁwgé&?gﬁgidgaiﬁmﬁde(dnﬂ)‘y;eS? hhitdﬂhg?ﬂébk}&n?Mﬁ mis. _
i ncr eased” or ecr eased. _one_epbodi mept _of any evious
aspect stharmacsencensisaid tingels et é%fgéﬁ\?@@m@nﬁ%yl %‘8 PE %cgtoefg 95{’/&?} ﬁ%r escence
SPECt I 0S60RY . SUNRAGRb A FRBin RORARGE o ies SRandpasc (ynodisRg | ect r on

spi n resonance, pol arization fluorescence spec%osco% %{ o LU 1g;;rii)di chroi sm
i Munoagsayubsehicont et mptarng MYAGHRE (S ZGFEE BBt rasondly fc 8? iy 20

el ectronig h LS D WBth! dafihirsOhssémb Ik FadiBGios A%t (iiSaodifyingnzymat i
met hods a%sremgﬁﬁ (g:)agé i nat i %%ﬁ%]:ﬁlg’r?%ofa Thlg dsét ect&aglle ef_fectdéﬁraa%/, be .measured,
wher ei n ah hedinagaistbretconits akid FrsadD¥ dmEe 2nd Whees s1id verdgicapipR ofdbnt ity of

a target [0010Q] 1. ot her ; [ her &ith e Efeck Sndpfagvd ded ful |
adder cgﬁ‘f‘%tr?nfio%ﬁalgf%ﬁt’}tffasg]idta?éw %‘Ee%%&g?gﬁgfexes wherein said full adder
may CONRYF ke rakadetof pad sirppdte

[0071] In another aspect of the invention there is provided 2z method of detecting 2
target using a cascade, wherein said casade comprises an initiating MINAzyme formed in
the presence of said targst; a first MNAzyme formed in the presence of a product of said
imtiating MINAzyme; an additional MNAzyme formed in the presence of a product of
said first MINAzyme wherein said method comprises the steps of;

(i) modifying a first substrate with said initiating MNAzyme to generate a first

assembly facilitator; _

(ii) assembling said first MNAzyme with said first assembly facilitator;

(i) modifying an additional substrate with said first MNAzyme to generate an
additional assembly facilitator;

(iv) assembling said additional MNAzyme with said additional assembly
facilitator;

(v) modifying said first substrate with said additional MNAzyme to generate said
first assembly facilitator,

(vi) assembling said first MNAzyme with said first assembly facilitator released -
from (v) thergby forming an amplification cascade; and

wherein said modification of at least one of said first or said additional substrates

produces a detectable effect indicative of the presence of said target.



25 conbi nations of three inputs to generate four possible conbinations of
two outputs, wherein the four possibﬁéaconbinations are no output, a first
out put, a second output, or both the first and second output. [ 00101 ] In
one enbodi nent the presence of no inputs produces no outputs. [ 00102 ]
| n anot hepoEIMpOofi RNEmbddinERSHNBSEr bethany sad direxacszid) addisoiahpetepblshe ful |
30adder may generate a first output, [ 00103 ] In another enbodinent, in-

r espons efacoitatom rrbeaRAEIINESEWELY PSSt he ful | adder may generate a
second out put. WD 2008/ 040095PCT/ AU2007/ 001517 19 [ 00104_1n apot her
enbodi mepD)73i h hesptias emboditkrtetbe fing substratehisa¥ Gt lan addary wapligeriet®dt e a
first anggs ond output. [ 00105 ] In another enbodi nent, at |east one of
the inpu “ﬁgw &% detectable event. [ 00106 ] In another enbodinent, at

| east one of the outputs may be detectable event or 5 a detectable effect
deteoni ned by at |east one of fluorescence spectroscopy, surface plasnon
resonance, mass spectroscopy, NVR, electron spin resonance, polarization

fl uorescence spectroscopy, circular dichroism immunoassay, chromatography,
radi onetry, photonetry, scintigraphy, electronic nethods, UV, visible |ight
or infra red spectroscopy, enzymatic nethods or any conbination thereof.
10[ 00107 ] In another enbodinment the first or second outputs acts as an

i nput to another full adder. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00108 1 A
preferred enbodi nent of the present invention will now be described, by way
of an exanple only, with reference to the acconpanyi ng draw ngs wherein;
15[ 00109 ] Figure 1. Depiction of one exenplary design of a

Mul ti - conmponent nucleic acid (MNAzyne). By way of exenplary disclosure, an
MNAzyme is conposed of two partzynes (A and B), which self assenble in the
presence of an assenbly facilitator. Wen the two partzyrnes assenble in
the presence of the assenbly facilitator, a catalytically active MNAzyne
foluis which is capable of nodifying, for exanple 20 cl eaving, a substrate.
The two conponent partzynes have (i) sensor arns, which bind to the
assenbly facilitator, (ii) substrate arnms, which bind the substrate, and
(ii1) partial catalytic core sequences. [ 00110 ] Figure 2: Additional
exenpl ary designs for active MNAzynes. Panel (i):



Depi ction of an exenplary design for MNAzynes where nultiple assenbly
facilitator 25 conponents are required for MNAzyne formation. In this
desi gn, aneeenpoment (F1) of the assenbly facilitatorpdsagomiegentary to
regions of the sensor arms of both pagfzynme A and B, whereas a second
assenbly facilitator conponent (F2) is conplenentary to either partzyrre B

Fact 11 ¢ at b0 dcmpnatii: BfaeRBbthe G RC R GFESa bnct FPAoRFNAZy me

whi ch camng 1Mi151yca(s@@scl eave) a substrate. Panel (ii): Depiction of an
exenpl ary design where parlzyrne A conponent and bi-partite partzyne B

Con‘ponent e | uce an
active M lﬁ&zyﬁer}igéﬁgt%&e&%? AP i %%%ﬁ%ﬁ% 7 B R 807 10

20 cl eavisagy) additupEYNdvzgne n this diagram partzyme B has a truncated
sensor arm (T), which is insufficient to allow stable MNAzyne assenbly in
t he absenc@76f] dnsamdied azﬁm:ibnmrht&erﬁrfsérmémrtsmdaszdzﬁtisﬁﬂbMNﬁs&meamy

conmponent (S). bridizati t |ser armto the senbl y

Fach Tt avsstiire £4F Bt e B et c0r P HlY Aeiedt B eitor O oo he
partzyme, assahhioiiiageendbl y of an active 1VINAzyme. [ 00111 | Figure 3:
Changes in output signal (fluorescence) over time in the presence of active

and i nactj optyulthi SRARENSN.ARNGH CiHe Bt %&Bmaﬁxgédlfzbﬁrtm@éﬂy 5 the
S

first partzyne (A) is of standard design. The second partz one
conponentcossa e patzametwhich deectag eataliqoly eétive in thegirseeinee dfat Basireo a

trunc teda§ n?(f@{twfé%%@fﬂeﬁ@d a second conponent which serves as a

stabl i ser ar An increase in fluorescence was observed in

reaction onta ned all..th nent.s art s A and B and
an assenﬂf %/8@ A\M}lf‘ L gnff”% %Sngfsgtagiﬁ)t%r vittdh 2 ?‘;18 mmﬁf T#tive
MNAzyes anthrizk @ay qgﬂz;@:testvbmcls uaﬁﬁxrea&a@awtrbanntasmree@Cthe PhoserldR€ofQftes Dron Of
the stabilizer arm ortlon of partzyme B (reaction (ii)) resulted in no

i ncr ease PREFSFSEIUNRALIENRE COMPAREYEsdi cat i ng that this conponent is essenti al
for the assenbly of active |IVINAzynes in this system A control reaction
| acki ng drP%8derryotheemppdimentthe ?%&Q?ﬁ%r‘?e(apﬁ$sﬁmbhﬂf§@11@mmecﬁl§f tbher ease in

fl uorgsc ry

deai g § iy Rrnidiey o, dpol it REPLEERR S hePR BER TR

si de): Anulvh#iAithe mucieonkosd malrdre gpirctcdyives e gmdh zﬁknﬁhsingrﬁ)l}éx ma:thjrlatad]

- assenbly i1t to nt IVIt ft d side).
Tho w88 gkl sROTTRRRD e RGP oo bl iseafy B vi ng

the substmhRNe, MBRFAMSROIAOHREAL $re-tHe ﬁ@hﬁ&bRNAl BfdePinbRodBY HNikd her

include a _labile or cleavable Ii nker (indicated by the dotted arrow) whi ch

may separdtoRRbRYA, #eHtinenirrelyitticAns: e 2Bt cPEPngtiom Hiepiof orYet siih
doni ps %}‘théﬂq(%ﬁé'gﬁﬂoef 6f sBXPlE a&!i)m%nbg%el@&éd Vb tHen gtl irn]tc%fngﬁg n Wh' ch

i s substantiafl'y non-conp emsnt ary to the partzyme conp

exerts arsynﬁnlatldar memynakdnf dwnaby anhmmi JUpleninduigab 'tsaetmm]damyﬁ sarcheet or e.nyequr red
for formati n %];0 %cagal ytically active MNAzyne and (ii) an activator
assenbly PR PAEET0mai n, which i f separated fromthe activity inhibitor

domai n, tio S an asserrb faci it r,conmponen nd direct the
assenb yr@/@g&ﬂ oL BT O 60 oD £ 3ij MY AGRERSI DB BE o o
catal yti CuraGki Ve dptdfe® TFVack, QHS affhinti maF GRBANRAL oﬁyﬁgﬁﬂc Al HreQMpL exes.
Al'l reactions contained gartz yne A, partzyme B, and a substrate |abelled

with & flligspdpnar & palseieh dromayibe Eaoup. compzit plogains, melimeptides, peptides,

nucleic acids, glycoproteins, lipids, lipoproteins, cells, viruses, bacteria, archaea, fungi,
antibodies, metabolites, pathogens, toxins, contaminants, poisons, entire organisms, small
molecules, polymers, metal ions, metal salts, prions or any derivatives, portions or

combinations thereof,

0 [0081] Inm another embodiment at least one component of said MNAzymes or sajd

substrates may be attached to an insoluble support or free in solution.



‘contained either (i) an assenbly facilitator F1/2, (ii) an assenbly
facilitator conprising WD 2008/ 040095PCT/ AU2007/001517 21 conponents Fl
and F2 (wige0sgtdfice of whi ch together correspond to tWEAGHITASEERDI y
facilitator F1/2), (iii) assenbly faciditator portion FI and an activity
i nhi bitor containing two joined domains corresponding to an activity

i nhi bi tor in_ and, a domain Wit h = O3 afab M) 1. NO
assenbl y [f(g)ggﬁi ?%%{%h?fre Ob(rzz}?fr(}?nt\{mﬁei %uﬁﬁ%?t?%ﬁu%?q%gﬁa‘é/ i FEeV gﬁg%%eéml n

fl uor eSCeNEeoaR mﬂéﬁcﬁémr?mrmﬁ tvhereas vaomeasifietiod of atidlsytsizetediedvage of
the substrate by active ynme conpl exes (Fi %gr%S),. .The fluor.escence

i ncr easedienspidifpaidMNearmED A SSETAE PHP S BIOVIER VRS8R ABFSRSRT P at or F1/2
or assenbly facilitator FIl and F2, indicating the formation of actiyve
MNAzymes [0Gad Zn mesthectibedinent Betdetcaiableitient mae be dparrebinn leaseard g t he

substrate, In contras the reacti t.alni Fl_Jo aghvity
i nhi bit orﬂ%menépqc%fe?%%es O?I@(Q)Srng%{;g%ééce%a%‘%érﬂnﬁsné&?%%%i ng the
foiinati ofe@fonl VishNAl.s&RAR, exesizatNg fincfeases ispeittueings cbocler dadrdsmsn in the

-absence of assenbly facilitator. [ 00116 ] Figure 6:,. Scherratl% .
r epr esent mtmarasky.Si grenatergeiat e FARIHRTIDNADE . TS t FETEH pr ot ocol

i ncludes th folvg\;\{‘a_%%l%f)?%}g?%p' “s 6o s %0#£%ﬁ$clgcﬁb§ or any

(Reporterl-nle flgbi conmponéent co ining nultiple domains; a.
the R dopmhfinatioanpeiest ngFuthenche deteytablrhefiedt onty dpomemsmredovhEtsin Wisi ch has

t he dual functions of firstly bei an activity iphjbitor (when

i ncor por apegrifuge RE 1314 BEFUERRGhd HQPgﬁ’ﬁ&uﬁn%fﬁg?é%e ‘nt out put si gnal

when RIP is cleaved, ~ b. an activator assenbly facilitator domain

F2b whi ch [dms4jan esseabihalexophpendit hiran 12@assendst y methodr detsttinge MNAzyne 2a

conpl ex, and. G a .Sk SQUENCR:! 958LRHRINERR I\ GsRle BstEFHy  Whi ch
e By A SRR, e e :

when cl ea yme la or MNAZynme Za results in the separation
of the R pangimted oo et MNLEIe, arfirsiswibatpity, Hasleymes fr orscewdpdNéar Rz

25(i1ii1) partzyme conponents capabl e of ..f.owing_act]V | a. uct ures
only 1 L REVpbEediet Groeab e s e AT R PR B Ry e s Bh ey o
exanpl e coul g benanlanaeh ke hed an aakidiopalea®katt, alll trRSlodSenpHengtthe active
MNAzynme | a bel ng capable of cleaving RIF, thus liberating and activating
the F2b ddolixiving #yps enoval of the Rl domai n (which can then fluoresce and
generate output signal), 30 (iv) partzynmes capable of form.ng active
MNAzyme 2a ofi y vheninghed fest vy Aeyras fsmpaidopartaamry He e dre MIRaB aomdbh

adj acent to a F2a_donai n._.The i urn can cleave nore RIF

li berating nore ﬁfﬁsaﬁ%%aé?%éttiﬁwga%é@%gdg%mgf autocatal ytic self- WO

20081040095]3&5/ Aucﬁga{)vz:{gosoaa Sérgt s%%strate with said frst I\/II\TAZ}"IT}. e to generate a plurality of

20 cleavage products

(ifi)  ligating =t least one of said cleavage products with said second substrate by
said DNAzyme ligase to create a ligated partzyme for said additional
MNAzyme;

(iv)  forming said second MINAzyme from said partzymes for a second MNAzyme

25 by assembly with at least one of said cleavage products;

(v)  cleaving said first substrate with said second MNAzyme to generate further
| said piurality of cleavage products;

(vi)  forming further said second MNAzyme by assembly with af least one of said
© further seid phurality of cleavage products wherein assembly of further said
3p second MNAzyme thereby forms an amplification cascade resulting in

accumulation of further said plurality of cleavage products whersin at least



replication of MNAzyne 2a. In the presence of intact RIF, the conponents of
MNAzynme 2a are assenbled into an KNAI 2i conplex [ 00117 ] In the absence

of FI thq,i,o(pg(fg%ygg%s for MNAzynme 2a would fonn an | Vi W\%ﬂ@%@ﬁ W th
I P. a ‘ n

intact R n the presence of F1l, active VWENAzyne | d 5

cl eave RIP, releasing F2b whi ch woul d!Phen be free to associate and
facilitate assenbly of an active MNAzynme 2a, Since MNAzyne 2a can further
cl eave nore RI P, ophp§ saaddither niid iphirelity of iclpavdgeqasdmtieact:SEUDs(BIrgfarfer 6)
could be initiated E%N ither nucleic acid targets (DNA and/ or RNA), or

ot her target analszi}f1 ‘%Zﬁ?rbet &%, smal | nol ecul es et c) if the SCUD strategy

was |inked with an aptamner- stem.(as .sh in Figure 7). 1o |
00118 | Fi g:el‘lr“é) 7.%%11?%%”&6@3’1119“%{%% ef“é‘%h 548 2nptonalnapRet 2ot avitior i vi ty
of MNAzynes. [ 0QkdQgited PRtSeabeMN vt Al SacSSH19MctiBNoREe used either as
(i) a nmethod to control yme activity using |1gands és_ activator

mol ecul es, apti %o@ifgrafgfsafgg&tldfzagf&faf subl@l RS iR ot aa(rg\moaﬁla ) n%%ieg%ﬁ@r gets

usi ng apt a- MNAzynes. The nucl el c aci I gonucl eot 1 des " ncl uded
in this exenpl ar i agttectiipnefare indsade dfohe wescaceofsaidietgatle; a) a standard
partzyrne; b) an apta-partzynme which is a partzynme with an aptaner

i ncor por af &kSintlo conembhdintest badspli@Sdipn amcadsmapby affecdbidktaaipdificsionch i s an
ol i gonucl eotide which binds to both the apta-partzyne and the partzyrne
enabl i ng %&bl y of an active MNAzyne: d) a reporter substrate; and

e) an ass | y i.nhibitor oljgonucleotide ich. hybridises to the

a)pt_' a- part E{)/T(%é)ﬁl rplzim?%‘&i ﬁﬂb?/éﬁ‘%%%g%‘iﬁ%"ag? P’\flf\’ga%ttql étdt"‘”gff t%@ [fecoap eariRcs equence
and pagt 9@5&\%@g%ﬁmﬁ%@m@tﬁgz%ﬁaiﬁ&s_the apta-partzyme sequence. |
00121 ] In the absence of an activator ligand (left hand panel), the

assembly | 7D tlﬁrml‘glkﬂeg%ﬂ%li%{ de 1hinds: b sﬁiﬁecl%gés %gfdtuérk' MHay &ﬁsan

conpeting wth and ocki ng binding of the reporter strate. en an

act i vat or adtivgfaness¢mgblpfesléator.(ri ght hand panel ), it binds to the aptaner
sequence of the apta-partzyrne, blocking the binding of the assenbly

i nhi bi t or [ @®&d| ilgencibbrestlicdencm tic thigasmay bowinndeduiendibageactdd, diedifiage of t he

< onal geRP AP AR | THE" BreEeR OB ARG IOt a AR et BHEPE. Tl
approach gadmag bels@ehtédireta\ied @uingaa DN YOO0BIQANASRETABLRAON/ 001517

23 switches that can_turn on and of ic activity of the MNA

f the catalyt
system ARNér methivaied) RINA- cairrodils SRNAppIREG, ﬂ%\ﬂ@emgé%,@ﬁo ApatRiNAucl ei ¢
acid and Qﬁi@i‘ﬂyﬁ%ee'aﬁd %ﬁl—rgic}cﬁﬁ‘gﬁ:‘,t otﬁér%i‘aﬁ%dmg RNAs, ribosomal RNA, derivatives

thereof, amplicons, or any combination therecof. Still further, the source of said nucleic
acid may be selected from the group comprising synthetic, mammalian, human, animal,

20 plant, fungal, bacterial, viral, archael or any combination thereof,

[ 0089 ] In another embodiment at least one of said partzymes for a first MNAzyme,
said first substrate, said partzymes for a second MNAzyme, said DNAzyme ligase, said
second substrate, said additional partzyme, said assembly facilitator for an additional
MNAzyme and said additiona] substrate may further comprise at least one aptamer. Still
25 further, the aptamer may bind at least one ligand. Yet still further, the ligand may be
selected from the group comprising proteins, polypeptides, peptides, nucleic acids,
glycoproteins, lipids, lipoproteins, cells, viruses, bacteria, archaea, fungi, antibodies,
metabolites, pathogens, toxins, contaminants, poisons, entire organisms, small molecules,
polymers, metal ions, metal salts, prions or any derivatives, portions or combinations

30 thereof



[ 00122 ] It will also be appreciated by one skilled in the art that one or
nore aptaners could be incorporated into any of the oligonucl eotide

componen i ing but not 51limted to the partzy S08,Rsaenbl y
facili ta@zg‘g@&%aﬁ% substrate. Further 1t7he apt ar ner cogglégwbﬁe iﬁncor por at ed

into either end of any one of these ol'f gonucl eotides. In one enbodi nent the
aptaner is attached to at |east one sensor armof a part | n anot her

zZyne.
embodi menk 08%e  alpt aother exsbedimaEié deash ong of and PadHEIS UPsE #%%té\/%%%ﬁ a

partzynme. [.0012 i gu X E@gg@ e i i cade
medi at ed B%Id . 3‘%&/%@ 5?‘8%‘%@@%0% an!)%l ﬁ@%?ﬁ‘l& g%gg%{{#a%ﬁ% e%’tl e such
asdol : go %can@ﬁﬁbdﬁetephﬁ&\ae&ﬁbm{almmm?mﬁ iaa;]mmb%/l ﬁaﬂd&gcg for cmﬁugidiﬁimnlhli go 1
and oligo 2, thus generating 2',3 -cyclic osphate and 5' - r OX
P oduct o MARERICEN Par AL WO e e AP P ST PR o
DNAzy e |{n9&§§drﬁ%19,ror@&ﬁg%m&n7tg§gof( Prior et al, 2004) can ligate a first

e I 1

ol i gonucl eot | ol1go to the second oligonuel eotide (oligo 2) to create

an 150l | 9?@?@188%12%%@&% g&%cﬂg@&gq%} ottt b difla8 AR T BRU R Sghience of

oligo 1/2: ure enplary stru > for MNAzynme and MNA
desi gns: Soddirexabguaes sod pattymee fovNAzzned BN Azstoe; @&dﬁwm%gﬂsn Pinel s A

to D (left hapd side stru res). .These structures are all capahl f

form ng cSRCAPY Ereskitey Sﬂéﬁﬁé’ﬁéo Bﬁ %@B’V\Wi ﬁssggﬁfyc agg\t/agort %’é aélu%gdﬁoa e (9).
Exanpl es MW aridlt dhidGlabmiesal st ey BoRanalis afindfluble srositorictits es to
the right of the active MNAzynmes). These I VINAI structures contain an
activiity dsiiiomior (1), which binds to the site which woul d be occupi ed by
an assenbly facilitator (F) in an active MNAzynme. The illustration contains
schenes f OPOMNAZImesotheth pwbodimentude 1ol 0as sénfiid SPARTASE t BEBreopIPEpahel A),

two assenmply f.acilit 2 ( D)W ﬁlsa‘%@}ggbly
facili targ?téa al?p Ugtﬁ%{ Egﬁ f)% Pﬁ%)n Qﬁﬁgﬁzlfgnnpﬁpglsd%%&%?ﬁsgwﬁ%?bM| ch are
shown in pddelNAzimeh detectshdnsrt apneridddtty sail detectahielpertemt ary regi ons within
the partzyne sensor arnms. MNA structures nmay al so include one or nore

st abi | i si ngoey 1 SA)heasmbItMENtitie daaedbldefEhemag pedietetted MNaZ\pas coand! MNA
structures |labelled a to h may .be better understood by reference.t

exanplés RUPTSCEnCe [SPORPIPY: FRGHice PAFMOANT SRR WSSSF?%?%@WPY@ tascade
using two, Hﬁé& fsgﬁle%soﬁaﬁlméop&mz%ﬁ% Al RGYeR ddbtdsaddyN CiVNAZ YliEhréiMn) S
foutted in the presence of a target (T). The initiating MNAzyne (M)

cl eaves aihinmusoassaybs chratretogSiphy.t gadipwsts apHolqmRaTyac 6¢NEFehYas SEAEIT)C

facilitator conp ntg. (811 i: ke t] i tIJ\/Wyma
(cascadi n&%yw%ﬁsﬁb% I%htt ﬁ?s@?gﬂﬁgl %%?tﬁgég‘?%sét&%ﬁiz“y%%&ﬁ%‘i conpri ses
two part zypesinal@ 2203 04P00RPEAY AtRGON @0EE hida2de arebutdir o whwenithy
facilitator conponents desirﬂnat ed Fl, If:ﬁ and SLf. .M Jgf_cgn cl eave an

addi t i Bnamagbege ofead mrpesuremend 1§ pgisrtye of Peieniicf PN et i vat or assenbly
facilitator conmponent (S2f), which directs formation of a second 1I\/NAzyms
(cascadi ng ORI y de o apboditRent g 8mp RS IPES LA %%@5@%%?% ¥e iy pri ses
two partzynes,and thLGE-P SSapibhkdl @ak gl fhy COmRARSAtLacles hapatred F3, F4

and S2f. 2 can then cleave nore of the first” substrate (Si) thus creating
more of t heclkicr stid aney \bat siecdsmbl fhef grobp | comporing oponentihylged DR s | eads

to the for i,0 f her .firs 1), _.erﬁﬁiqf NG, 2R

anpl i fi caﬁ{%’iﬂt%‘gg%eﬁk’ fm&ﬂa%f F%%ujr%)@g’ gRES\I gnsa é@l [ TAl’catl gﬁ

cascadg UShERINADN siRNAi satiMg, pRlAzEEr-ndcibBNSCUker ast-adEngRPlAL ribataneh and

DNAzyme | i gase nedi ated MNAzynme cl eavage readou e strategy illustrated
d

. T
in this fiRupedosiyativen doreol aiRlaYSs Any ca@bmation tH‘E"i‘"’)’EA target nucleic acid
(F1) facilitates the formation of an initiating I\/géAzyrre WNAzynme | a) which
cl eaves a [f0P&] Jupserwe of (Rupetsiareldapaaig iR 4198 e IR COPPEEPage

product (g Y ] Oq%‘rr d.k %{6 él a5k, ?,‘%bﬁéﬁf QF 4 senbly
facilitat %P’%%%%( pr oﬁ%@ftgl’?;b;, the ti ?@%{ﬁgl e%&g;% p%}oéluctEL (product Ag) is
requi red asmhictopdrent. i n reaction aspect (ii) and the second cl eavage

product (product Ab) is required as a conponent in reaction aspect (iii).
30 [0096] In one embodiment of any of the previous aspects the method or composition

may incorporate an aptamer and can detect ligands which bind aptamers, including but

not limited to, protein, polypeptide, peptide or nucleic acid, glycoproteins, lipids,



(i1i1) The first cleavage product (product Aa) has a 2', 3 - cyclic
phosphate at its 3" terminus and is suitable to function as a substrate for
DNAzyne &0 26b4beshas |igase 20 activity. DNAzyne | i gaBel/2B2007/¢atiés t he
first cleavage product (product Aa) td8a second substrate (substrate B) to
Ccreate a ligated partzynme for an additional MNAzyme (MNAzynme 4a). (iili)

The secongl, gl gayacgnbr adiel teREoL ehy AD)rAHNGHIRRR: SeBRALL hiBlALs assenbl y

facilitator “conponéen rect the formation of a secon yrne (MNAzyme
3a). 25 Theins.eoatuhivivAg yroesofdyNAZy mesa@agmsyohialli rededulest helymirmetzbigbst r at e
(substrate A) generating further first cleavage product roduct, Aa) and
second cl@é\?iaij‘gs?&n@%e]f g“(Y CHUE RGO qftfgmf%ﬁ?a?’ﬂﬁ&%@g’ooﬁdéﬁ?tgﬁ\?ﬁ & product
(product Ab) then directs the fom ation of further second MNAzyne

(1 VI NAzZynkO@d). Trips cp@simest ¢hpny O%@FJf%ﬁh‘i’%@é?%f%til%as%%ef@i%%e%%ﬁ@on

f eedback Lfi Lon, : L S a [ At her
mcoumi at 1A ST o PR g e e e PR WA

f unct i onsattleasassesid Bbeed audec erid, NNAZ P, (blaryarel 8a)oguamdptide nuelsinl ts i n
t he accunul, t?i ?ngOf further first .cl eava%fe gr oduct
1

duct .. Aa i ch
FUnct | onstas 19 S BUFIFI LY BPPISRAUF i G SR Be ey CRpabonjpress. 18R ©
2008/ ozlooigl%l,%,gr ﬁé%%@ﬁéﬁ@@étﬁ% 8% &1 Manfibesy, iypg%%e}lﬁ;d@,a@srw&em,quobﬁ%m,

addi ti onal MNAzyhe generated in aspect (il igation of first cleavage
product (praogeotrbajiomtigracie second substrate (Substrate B) forms a new

partzynme for the additional MNAzynme ( MNAzyrne 4a). The additional KNAzyne
(MNAzyioe A&)ssflorasictoget hempwistioifaa MONKt et e aa Adthapeinfrriesatdedsseneat e C

bet ween a 5fl uarophor.e _and guenchert e.pair. yesulting in an increase in

f | uor esceRtioBEHRAIOT F’ﬁ&‘?"@ﬁ‘t%lcgemocfmﬁﬁﬁgé‘? &‘Eléef?éeﬁ?ﬁwf%p@%t %?? gita@ﬁé(god Fl. |
00127 ] Fihguhdiub? socs 88 theblih HRden. MSk@rhdAsyIRs:nt ThE ddieee ianput s,

FAC1, FAC2 and FAC3, ‘are shown in grey, the hatched |ines designated

'green' andsciBiluportive prés anencheportioa: wherint ypodiniddaiwatien pf yorsepaiedy, and

the C oligonyel.eotides.are .t:.0 @i ' [t re al so
shown in ari‘gg@,\ &ha>ar g&p‘ﬁé@ég%%ﬁ@eﬁ %%ﬂ@h?@%ﬁ%&ﬁ%&ﬂ%ﬁ? 2?? (grnd
substrat eded2EEEN TIONS [ 00128 ] Certain terns are used herein which shall
have the neanings set forth as follows. 15[ .00129 ] The term "conpri si ng"

nmeans "inclhydi N9 Prii, 06 RdbdiYent Btbhy Bife RGBSR kil S Bhyds Yne detEdibleReER e
variations of the word "conprising", such as "conprise" and "conprises",
have corr ésigead fnﬁ&%z@ﬁg@z}cgcgpﬁﬁgrgﬁqoaéssurfa;e plasmon resonance, mass spectroscopy,

NMR, electron spin resonance, polarization flnorescence spectroscopy, circular
dichroism, immumoassay, chromatography, radiometry, photometry, scintigraphy,
20 electronic methods, UV, visible light or infra red spectroscopy, enzymatic methods or any
combination thereof. The detectable effect may be measured, wherein the magnitude of

said measurement 1s indicative of the quantity of a target.

(001001 In another example described herein there is provided full adder comprising a

pluraiity of MNA complexes wherein said full adder may comprise eight possible
25 combinations of three imputs to generate four possible combinations of two oufputs,

wherein the four possible combinations are no output, & first output, a sscond output, or

both the first and sscond output.
[00101] In one embodiment the presence of no inputs produces no outputs.

[00102] In another embodiment, in response to any and exactly one input, the full

30 adder may generate a2 first oufput.

[ 00103 ] In another embodiment, in response to any and exactly two inputs, the full

adder may generate a second output,



[ 00130 ] The terms "pol ynucl eotide", "nucleic acid" and "oligonucl eotide”
may be used interchangeably and refer to a single- or double-stranded

pol ymer qf yri bonucl eotide or ribonucleotide b T ogues,
derivati&g%%%§§§&§nts, fragments or c?gbinations t hereo ,AY%QV%Q?hg but not
limted to DNA, nethylated DNA, allcylated DNA, RNA, nethyl ated RNA,

m cr oRNA, si RNA, shRNA, nmRNA, t R_NA, snoRNA, stRNA, snRNA, pre- and

pri - m cr oF90404 bt Frerneiber eobpHECRINAS  TEFI0BHS BilteRNID Ut ete il 488 £ eof |
anpl i cons t@%&%ﬂ%ﬁ%&d?&%nﬁ%ﬁﬁﬁfati0” thereof. By way of non- 25 limting
exanpl e, §ReSource of “a nuclerc acid may be selected fromthe group

el or OGP of SR ERRT Ry A PR P b Bap Bl e P8 oR®E OV T

nucl ei ¢ acj | ecul ", "catal ytic.nucleig.acid:, " | el i yme" and
"catal yti ﬁb(ﬂ@gﬁ eieﬁ%mﬁ’%?eﬂ eg‘éaélgf%‘é'agﬁs oﬁ%«%ﬁmﬁé’f‘%u%s %1%‘? %ﬁ%ﬁ%gea Ieytn(gnd 30
shal | nean @iBe aHeC dkiemanedDNM- £ 0Bistiont 1Y frextice {rbisacdyipwmiin the art
as a "DNA enzyne", "deoxyribozyrne" ) .or an RNA or .

or_ " DNAzyme" .
RNA- cont abla$me] BesPeasas.empsl SRECHAtsRRY, i NMBh elgitiona §01 Tefgancen 29 FE=atipn

"ribozyme; coJrhi i 08: 5P /0 er eof ,
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activity inhibitors, asseﬁﬂ#ﬂﬂgﬁhﬁirf@\r@m%@went s thereof. In sone
enbodi ments 10 the M NA conplex is an active MNAzyne. |In other enbodi nents
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an | vi}NAzypeldonclRigimgl: Bepictioh bf wne edemplarp Sesipst 0dt e Malti-bsagsenb| y

facilitator, a stapiliser arm and the rt S, ar onents_thereof. [
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t he Wzy@gta@aaggsédﬁ@n@gbst rate, the nodification (e.g. cleavage) of which
is catalyzed by the catalytic core of 25 the MNAzyne, formed by the

i nteracti omoofy  heghAl Bl NddiBoAANBLRPIRT dPAEiZ8FBRtife MNAB & Pavags: Of a
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bi partit e t5d fskahily &militatonigeseghlaientanpto regions of the sensor arms of both partzyme

A and B, whereas 4 second assembly facilitator component (F2) is complementary to

either partzyme B only (as per this illustration), or partzyme A only. The two assembly
facilitator components together direct the assembly of an active MNAzyme which can
30 modify (eg cleave) a substrate. Panel (if): Depiction of an exemplary design where
partzyme A component and bi-partite partzyme B components assemble in the presence

of assembly facilitator to produce an active MNAzyme capable of modifying (eg



30 nolecules, or tripartite structures, conposed of three nucleic acid
nol ecul es, or other nmultipartite structures, for exanple those forned by
four or ic acid nolecules. [ 00134 ] An exang

whi ch is%@%%gggggﬁof nore than two nn? cules is |IIustra é% In |gure 2
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15 t het"i hBe#id/Asauis CTRRREL Wi SQWBMWS ChaHelP)be catal yti cal | y

inactive due to binding of an activity inhibitor ollgonucleotlde

anot her ebBoUi2ntendy incirase nfBETISGRECH/ MR OBSHTSH dik Teardony béffhl“fha‘Fanﬁ‘%eé@@nbl ed or

partially @@@gg@%&ﬁ% SR 21D 8 6 QMBI hcilTREGE. Bis INBnGQERIAENT S

reqwred yrne activity are"not associated wth the
conpl ex. the @B@aﬂﬁﬁb@dﬂmnlﬂ@h@m&b%@@tzamgemfdh@suhmme lﬁ(ihlsanap‘tln@nﬁg

reqwredfor v from he reatlon m resul t
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m crognvi [PGERN over @he SaARhEhat A6 doRifRaEATEReMTRY fiiQhe ﬁ@exﬁ@llsmﬂ'fabﬂiﬁee with
association of all the conponents required for an actjve

anot her eﬁ@&dﬁ%@ﬁtméhls"sb’ﬁ%{ Preentrell IRACtOB npkEe ﬂ‘hﬁﬁie@@ﬁtfaﬁﬁta&lﬂ@%ﬁ‘ﬁﬁonent s
necessary £or. gtd E&'ﬁ@‘{mlfe TR LR 2R vePimact i ve MNAzyme but the

"inactive conp s activity due to the absence of one or nore
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a dival en nactive conpl ex ‘may be

i nact i ve hedansetiof MNezypreasightBamf side): AsIENBI js fomividoiiteppartgyndB187d  The

terms 20 mlBegclajxlnp ex %vvl\'%ht a%hassgnl;bly %aczhta{?)r cgglpgnse% ande e ntmt%f nelﬂibitor &gﬁ/ hM\L}A
side). The MNAi is capable of interacting with, but not catalytically modifying, the
substrate, In some embodiments, the activity inhibitor may further include a labile or
cleavable linker (indicated by the dotted arrow), which may separate two or more
domaing within the activity inhibitor. Such domains may include, for example, (i) an

25 activity inhibitor domain which is substantially non-complementary to the partzyme

components and which exerts an inhibitory effect by disrupting the secondary structure
required for formation of a catalytically active MNAzyme and (ii) an activator assembly
facilitator domain, which if separated from the activity inhibitor domain, may function as

an assembly facilitator component and direct the assembly of an active MNAzyme.

10 [001147 Figure 5: Demonstration of catalytic activity from various multi-
component nucleic acid complexes. All reactions contained partzyme A, partzyme B,
and a substrate labelled with a fluorophore quéncher dye pair. In addition, reactions

contained either (i) an assembly facilitator F1/2, (ii) an assembly facilitator comprising



30 conplex that can transition froman inactive to an active conpl ex, or
vice versa, in response to an input event. In preferred enbodi nents the

i nactive \?98%%35?1(00553 a catalytically inactive conpl ex. I‘@It/g{]%ﬁ';/&ﬁuiihy

i nactive conplexes may conprise a di sgzsen‘ol ed conplex, a partirally
assenbl ed conpl ex, or conpl exes such an MWNAI or WO
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forma cabngSGaBencrys Redh (@ 1 Tﬁg’gﬁ?ﬁf ré?ééi‘i‘@r’r’a%’ % the sensor arms of
the MNAzyne. In preferred enbodi nents an _asserrblglj facilitator {éa%ﬁr equi red
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to, the seonsasedrpidlpin onetion swoeied edomushently deciliprr tFAyAnes assepdbdenbl y
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mai ns
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ey be colalned Jhhbi, CRERQAERL $u ABo@scelid Pidbedn iPlbiagbdage brhi bi t or
nol ecul e, r%%%{ea@ggtc ey %&8 %gésénllg in a stat eo\/\%cgr eby St ﬁey can anot f?:ont ribute
to active aMabynfaciissenbl y until liberated fromthe conponent by, for

exanpl e, cleavage. "Activator assenbly facilitator" or "activator assenbly
faci | itat QOECIPORRIES"6: aScheamdc 2fepreseniatione fof r Signale Gtatddes usingt PNence

| i berated fromw.thin another conponen rovi ded exogenqusl n

faci |1t at 6ERE)s By UEBERTTOG TGy e LSBT R @) s Rt cal 1 y
active, TRV teh-MuRABEFADRa) B BEerS BRRIBing iEHME dbRsindNAZyme. [ 00140
] Assenbly facilitators, such as activator assenbly facilitators, can be

used to_ conty al. A& A% eoRbYsif andlil e iMNAGY PS8 dohffd, iticH Ieas tthedual
transition frominactive nulti- 25 conponent nucleic acid conpl exes to
active MNAzyneduncthes shfigtiynbbing conpsivithitinkibiéeretvden dpeprrpaapt éx &F gy be

catal ytically inactive due r e, .f f an activity

i nhi bi t or suchsg%{mtfi pmbé{&"{BB%ES}TQ‘]O%Wg%%%liv@%fl?riﬂg;éslgddggd herein is any
MNA st r uct ur Blan Qetivaas sty kiligamuddmedt iFde vdodpormntssendial compdnesiufoar
effector”, "ligand" "tar%f};t", 21% "eﬁent" that ,30 results in activation of
MNAZyns. Act i PAEBIPhOR 28 BPHTE NS P 08 28 AXTRIGE but are not linmited to,

ol i gonucl eot | desndhal sedfcheBoAssiRba thaRil kid B khictavRardiaysebpeitepnponent
t hereof, for exanple those with truncations of the sensor_or substrzate arm

and partzyne stMbiAzimerlaarmdedwymsetnt gesults in the separation of the RI and F2b

domains

(if) an assembly facilitator component F2a

25 (iil) partzyme components capable of forming active MNAzyme la structures only in the
presence of another assembly facilitator (F1), which by way of example could be a target
nucleic acid present in a test sample; the active MNAzyme 1a being capable of cleaving
RIF, thus liberating and activating the F2b domain, by removal of the RI domain (which
can then fluoresce and generate output signal),

30 (iv) partzymes capable of forming active MNAzyme 2a only when the partzyme arms
bind the iiberated F2b domain adjacent to a F2a domain. The MNAzyme 22 in turn can

cleave more RIF [iberating more F2b thus creating a cascade of autocatalytic self-
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activators may activate MNAzynes by renovi ng oligonucl eotides that exert an
i nhi bi t ory8ffs@Glees Exampl es of ol i gonucl eoti des which ' t hr ough
such a nec aﬁgsn#?Eclude nodul at or ol i,gonucl eoti des mhf@ﬂ%géﬁhéﬁéglace
(renove) inhibitory conponents, inclug ng but not limted to, an "activity
inhibitor" gor an "assenbly inhibitor". [ 00143 ] In other enbodi nents an
"act i vat ofeplipaipniod MiNATsERaRe- Hihibe Broserce ohitact RiF Khaepmnsnanies! Mdbaymeof an
MNA conpl ex..cQl ﬁﬁﬁﬁ9t¥@§ TR; 4; ult of the interaction is activation
of the MNA %on%#%x. g gﬁﬁﬂl%n§g$§§éd herein the term"stabiliser arnt
refers to Iyt Ne r Wt t | east ass Yoo
facilitat E)f%ﬁlg ]a 3%:621% %651%93%?2%% B4 f%e})r@&%}%}r@ aB‘f"“@%ﬁ??&W}‘{% al | ow
assenbl y ocimpiax MiA iaopREX It nied pidsange bOF]native IMINASENLE Qa aduRCikManyNAZYNe.
[ 00145 ] The |1 _"target"” ag used he&g&n i ncl udes any natural or
synt hefi =N ;re&&ﬁgﬁ R whic B‘Pugiﬁa?fy? S éhrorigtegd relitels apemblitadct ed,
i dentifiegd, grQUaRZ{LEYabYinge PACALEW & oM M¥mgz§\rl)ezm&‘et {){his\%vg ut an
0 an

addi tional anplification step including but 15 not Timte yrne
anpl i fi catiiigae peigndcaicadd SEUekErpred) tonbl YeShijlntd bEasbadecldsiang tRNAS or

"SCUD' re i, on, t er.ef gre_.enc ss the. brpadest, .

det ect abl é‘ﬁtai%ﬁogg,g\% b%s(%t? rﬁzér%%san ﬁy{éég‘g? F&SIF@H\R%P@ES W@tlﬁgg:s(ﬁ%)
sensi ti vesteedggordsdinked weinii dptandriMNAanal ovstdm aRtshédcRtHigRe ay.e desirabl e.
Some exenplary targets include, but are not limted to, protein,

pol ypept i Heo1186PtFigereor: AblGkeinpiadf isthatdlyVeP REO Rl diSationl B 82 acdity of

| i poprotelns, entire organisns, cells, viruses, bacteria, archaea, yeast,
fungi, an e, net abol i tes, pathogens, toxins, contam nants, poisons,
smal | nol ecul es, polyners, netal ions, netal salts, prions or any

deri vati veg40l18dr ﬂpl@rﬁra@gy a0 iE rasiP mant hrevsedfeithex hefl) rangbed tarcentallso

cont enpl af gd e i ] rst.ood that th rget my al so
be an as s%%o‘?gﬁaa%?i Pt aﬁn?rl{%?é%acsyf{}aatt%%&gﬁ%soﬁ% G mef‘jlg‘ga% %eé%glPﬂ a

" det ect abbEncavientelc acoltatseta peing ape-MNApythesevent " i ncl.udes a change in the

m croenvi ronnent of the MNA conplex, including but not limted to, MNAzynes
and/ ons i NpEA120¢ Mife melg eiesligofidetidanpeniayinkiis ckafipl@yapRlMNAchange in
tenperature, salt conc n%erati on, ionic strength, pH, divalent cation
presence BFCHRESHUEEY PGP or concentration, electric charge, magnetic
charge, physical mani pul ati on and change 30 in concentration of an NENA or
nmodul at or conp¥néitnéid BEHBsent of the mi croenvironnent, or any

combi nation t her ggfapth%,aﬂ)hﬁe ?%%9 i€ MRASISER0, tdﬁgﬁlgfeﬁé&é%@?#fg &e  change

in the concentratioh of" “inc es ah increase or cre
concentration andf@i&dsi ncl udes the appearance of an entity previously

absentm or at u&d%%&e% 1yefacilitat01‘ which 1s an oligonucleotide which binds to both the
apta-partzyme and the partzyme enabling assembly of an active MNAzyme;
d) areporter substrate; and |
e) an assembly inhibitor oligonucleotide which hybridises to the apta-partzyme in
a region which spans at least part of the apta.mér sequence and part of the

25 . substrate binding arm of the apta-partzyme sequence.

[00121] In the absence of an activator ligand (left hand panel), the assembly inhibitor
oligonucleotide binds to the apta-partzyme thus competing with and blocking binding of
the reporter substrale. When an activator ligand is present (right hand panel), it binds to
the aptamer sequence of the apta-partzyme, blocking the binding of the assembly inhibitor
30  oligonucleotide, and thus allowing binding and cleavage of the reporter substrate. As
such, MNAzymes can only form and cause fluorescent signal generation in the presence

of ligands that can bind aptamers. This approach can be used to develop molecular
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the MNA conpl ex, including MNAzynes and/or inactive MNA conpl exes such as
MNAI . [ ities which represent detectable evepts, imy,Ri89 be used
as "acti \%g(%éjr%gﬁzggés "inhibitors" of thg catalytic activity (r)@yl(/NAzymss si nce
changes in the 5 m croenvironnment can %e used to mani pul ate catal ytic

activity of IMNA conpl exes. As _such, these entiti |l ow the catalytic
activity é‘f’it%ﬂw&‘?\?’éwnﬁ’é‘dé’ﬁ _ & FRigy G pptivgy of gﬁﬂﬁ‘j}ﬂifsé’ﬁt_e@x fﬁ’fﬂ“@t‘]ﬁfﬁ
promot ngittcslﬁmd bd g%%%g}lete@@&{ SR VO S8R lRcRE doBaRIAZIAAES,  OF

vice versa. In so ments the entity pronotes assenbly and activation

of MNAzy ] : V, i i senbly
To and | nat it O R e B g e g e 1
may di r ectodlii®eaiasepdrhigd anto dinyassbatuliponfclddidé compotdntsy imdalimppd etes. I n

preferred_enbodi nents the process, of tivation and inactivation of MAzyne
catal yfi chﬁ’étf’??@?f ii’%tzyfé%l%éfi ppgoly f@‘ﬁaﬁf& r]orfﬁees’“ﬁjég?f??g‘gﬁ%iﬁ}eyaﬁt%?rbi tor”
refers to.any whhidyorhRatin®agimel B 1o BheRIoMPER SRIBALIERISs. OfInadhe MNA
conpl ex and direct assenbly of catalytically inactive "MNAI" 15 (e.qg.

Fi gur es 4e@bediched-tha yptarmeres iatidrhpd 9 ricast orcatensaytara ol @tHRURNTe. By 2pHB act i vity
i nhi bi tor . dj : " LVi il bl qﬁ% "= also called an
"activi tyegﬁ%}%‘%‘tgﬁe @g&nr%%ﬁeﬁa&?ed"t?%%# %%?é@g%n% wo%r anﬁ'l'l%ict ivity

i nhi bi tor i-n"_which, i,s substantj al | onz.conml ry. i

part zyrres.[g(?&%p;r e?‘%‘?’i’eeg' %Sﬁ?%@t f aaﬁx%‘%tg?/\l}g?t;% %%@E{l?aé%(edﬁn%f/a (r:‘:g'rrﬁri se
sever al, dpsNARede figmetdndnad MNABY®S:, Ahosligxacigdi@e dudelasdiligg Btcandts |imted

20 to, functional donmmins in any conbination selegted froman actjvity
i nhi bi t or caYAdi 1, AN RRETREHEY clgaegs Bl “‘Ftéé’ﬂg‘i’ t?a?tﬂgr Og%‘h&i US SORTHDEr at e

domai n, a@%%ygﬁc %ﬁ&ﬁﬁ&t@%.n@@ffﬁj/d}oxﬁﬁb?@u%?{’vmgcaﬁ Wagiciarah damBéquentimay or
may not coi'ncide th several (;Il stinct structural domains in an activity
i nhi bi t or lighonoeditingl 4 DN Azseonkgasatiodermmis 728N Paier ety itk 90@43@@11%@3@ amay

conprise an_ activi . nhibit in i [ hst i ahl
nom)corrpl n@%@“cﬁ%mé% Q?]ﬁ%) ggrtggy rrese%o\é\{@rrp@%)% (:’sléeglﬁg @,H (%:ﬁzl) etée%rfa T

i nhi bikor )éligcfﬂuei@btictbﬂigdﬁ&r pipion grith hiee eeandastydestquentasiolized@®. red for
formation of a catalytically active MNAzynme. The presence of an activity

i nhi bi tor {@t}izz;e}ﬁ Fibgreas FRhpYar fsfxwmirfmmgy?e@sme had MINAi depaiat esloafe
interacting with, but not catalytica nodi fying, a substrate. |n, sone
enbodi rrenteg%m@i?ﬁ a%ﬁqutWﬁﬁﬁpﬁiséb?mﬁﬁﬁ%cW é@%ﬁlsaéééﬁ%l({?gf}%?@filﬁqeat or
domai n. 39{1’3{8%5@9 ThedeNs QMR- CAROG BRALE, off RBnAG! Lariiitaltp hmcﬁ'lfé ehzyRy, further

i ncl ude a or cleavable linlcer or substrate,”which may for exanple

be | ocat edvitidt wealeavnitheonbstored SH dmampies wi MIVAL stvetusastarsy shoyni inWiapels ér . for
exanpl e an activity inhibitor. domi I ok : I cjlitator
domai C]t%gv(é‘ﬁ%mggs TPEQP’ el of thtagg ortrn egs)gﬁléesgﬂn%haﬁ%gvﬂg\%n{aﬂl o

2008/ 040096RGK ALRAGT7(N GBI binds to the site which would be occupied by an assembly

facilitator (F) in an active MNAzyme, The illustration contains schemes for MNAzymes,

which include one assembly facilitator F1 (panel A), two assembly facilitators F1 and F2
(panels B and D) or three assembly facilitators F1, F2 and F3 (panel C). The examples
25 of MNA, which are shown in pansl A include sensor arms with self complementary
regions within fhe partzyme sensor arms. MNA structures may also include one or more
stabilising arms (sA) as shown in panel D. The specific MNAzyme and MNA{ structures

iabelled a to h may be better understood by reference to examples 7 to 10,

[ 00125] Figure 10: An exemplary strategy for a cascade using two substrates. In
s this strategy an initiating MNAzyme (Mt) is formed in the presence of a target (T). The
injtiating MNAzyme (Mf) cleaves & first subsirate (S1) to create a first activator assembly
facﬂitator component (S1f), which directs formation of a first MNAzyme (cascading
MNAzyme Mcl). In this example the first MNAzyme (Mcl) comprises two partzymes



31 separation of an activity it ibitor domai n from an acti vat or assenbly
facilitator donmain, which nmay then function as an assenbly facilitator
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nts t I

enbodi ne Ctivity inhibitor ma% be conj ugat ed ties. In
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el ect r oni encibreerasendily fagphitateticompoignts depignaiedF hidrand Shf. r Midi oarf clegueemcy

tic fighlds,f t] . i i bl e t .
Gonat ur at ARG B AP maDHRARAY: Rt Gite] BURERS MisierltlE B i ng
nol ecul escarepaabhMGR), whidh bRedefrmitbnS OB esHIOANRAINS (REdaRINNAMmienhi bi t or

10can be | abelled with biotin to facilitate capture and physical i solation
of the actfedi tip fistpmplsithe feoupdiiAryme (Msdycaaprisehtwoaprriragsnas) firee

| nhi bi tor ;sséﬁ?rig f&&ﬂiﬁ%?@&h%dﬂ@%& Hedi%}meﬁ'ﬁ?ﬁ‘& 084 §§¢ﬁi€9'c¥n Ben LREMNBRYIFE

conpl ex by conplenmentary binding to an essential conponent of an active
KNAzyne cthepfisk sulfstrtcettdiphe dyathi domgot Geafiparativyaie dSenddpp@cidntoror an

assenbly facilita : ubstrate. .The Qi ndi f.the a l.y i.nhi bitor
sequence f'%n%mﬁfﬁréﬁbwmk’fjﬁés E%E‘Pﬁlaiéﬁﬂaélé’ﬂpoé ?@%ﬁ@r {%QMVWSWF%&#%& ween
t he assenfhyidgl BipliFcatndadch@. sai d first conmponent for binding to a second
MNAzyme conpl ex conponent. For exanple, the assenbly inhibitor may bind to

ei ther a padzyMerigmRsi! Alsimal 4 lﬁﬂfﬁtioﬁic%d;& B6ng B lifidht) MNAAPRGLL 2y e

~sensor arm (that binds the asse y 20 facilitator). \Wen the assenbly
i nhi biit or SCYD; opsshéeramplifipation guth PNobomee tipyset medigtedsMdbayner pleavigeconpet es

Sl SR G P R I e ST
cometes, (2 PLosks) aRACER B, HOS BRI bl BERL L B Lk ARG ™

conpl exes(MNAey@as 3 &ohivh 2Bavien bt fdstate(RBsitfe ARMdentiars a fistehatdgel t he

assenbly of 1V1I NAzyrnes, .and fuyrther allows the devel opnent of strategies
for the dBPEHtBHIGH Ao ﬁo@ﬁ@%éﬁe@if%g%?@caﬁen rREET2ET @ssebly fagiieer)

anal ytes. ] t N T et £ .
" chem'lgca:al (pg%%gttlggg’eﬁh?gg Stu‘éqga{j{;§ e fgigﬁ&i%g(lﬂ&atep@rjlgs %%%u?%gg%m%?ﬁgﬁn?@qgapabl e
of bei ng redognksped, (iacanddthaperrndr cig¥aghemdsal (yrodmotliAh) ed foguiredmed ecul e

such as ap MVA_conplex. The ification of the substrate provides the
"out put " %qmnoﬁgtég?%gé?ne%sﬁj%%@feffect " for nonitoring the activity of the

modi 1) od B T BRey it bt Ho B L AR 8. a s atigE Fab i RiYe 66 Febogni zed
and WO 2088104 AR SPEiN20 Githddod 9d & substrate for DNAzyme 2a, which has ligase
20 activity. DNAzyme ligase 2a ligates the first cleavage product (product Aa) to a second
substrate (substrate B) to create a ligated partzyme for an additional MNAzyme
(MNAzyme 44).

(iif) The second cleavage product (product Ab) functions as an activator assembly
facilitator comaponent to direct the formation of a second MNAzyme (MNAzyme 3a).

25 The second MNAzyme (MNAzyme 3a) modifies further first substrate (substrate A)
generating further first cleavage product (product Aa) and second cleavage product
{product Ab). The further second cleavage product (product Ab) then directs the
formation of further second MNAzyme (MNAzyme 3a). This results in a SCUD
autocatalytic self-replication feedback amplification cascade. This SCUD cascade results

30 in further accumulation of further second cleavage product (product Ab) which functions
to assemble more second MNAzyme (MNAzyme 3a), and it resulis in the accumulation
of further first cleavage product (product Aa), which functions as a substrate for
DNAzyme 2a in aspect {ii).



32 nodified by a catalytic nucleic acid nolecule. In preferred enbodi nents,
a substrate may be recogni zed and nodified by an MNAzyne. The chem cal

nodi fi cat| substrate can be neasured by the ap or

i ncr easew(g?mgﬁmﬁ?gosduct of the nodifi cg%i on reaction, %%E)@L%ﬁé@km

di sappearance of, or decrease in, a stibstrate of the nodification
reaction(s). [ 00153 ] A "reporter substrate", "reporter probe" or

"r epor t er (iol Thydipatet potiiioed foatheudditonsd MINAzse genstabesttin gsnsct{aby figation

parti cul ar adapted to facilitate SUr of . &l I I ear ance
of a subs?é%’fl‘e& 3%?@0&%@5?%% 25 Hgﬁ‘%é.;ég uc?u%ﬁtﬁat%géﬁkg%tt? %ﬂﬁvﬂ% % %%EQ
cat al yzedp£836ki RP-thfRePAbRE MNASHhaRENAAMmea) I @e iaddSiohdlt MDA aymebound
(or "tethered"), for to exanple, to a surface, or, to Snot%e bm)l ecule. A

t

reporter Qubdzyae dar favmsdogedise MibdberitaenF ormd modifge s G SR dns

i ncl udi ng gag)}}]% M k &i0k] AL

addi ti 6napu%oér%§%r(1§ﬁé, n%%(!g E%; qugeu(r?tzl el\ﬁ‘sa%?nc?gﬁ%%{gﬁ%sgapa%% s, bi oyiei n (e.qg.
bi ot i nyl atf thepresgnce héridetnichessehFl.l abel s. [ 00154 ] As used herein,
"generic" or "universal" substrates are substrates, for exanple 15 reporter
substrat eppoi2i1gt Fgerer €Loniviezabir nlhndidec tusihgoVIAtyahest iThal thyee bippets,

plurality_of 1VL ynmes, each of which can . recogni ze.,a.different, assenbly

facilitat8fChT ﬁégg‘zsaé‘do@‘g%cﬂﬁe §]ilﬂi’§t Pafd: t?“ééia%%?‘gth@%s %@P@gnﬁﬁn 0 n%s_epar ate

assays forbhge?tr_@éi%éeﬁfl sullsB8R8 Wil CatroR DfioraaRtd he@d gnolRbnacivitides wari ety of
|

assenbly facilitators using struchually related |IvLNAzynmes all of which

r ecogni zedamplaysdviardadk. Shbprtames arfrdsseshgrne bissgk. adyse prercwgipdergd 20teach be
i ndependent |y | abel.l ed. W or nore |abels. In preferred enbodi nents,
independeﬁiel%c’]é%)tn%%?%ﬁe%g%g v e used to |abel one or nore generic
substrates to allow the creation Olé gl?&gseni ent system for independently
or sinultaneously detecting a vari P@N ssenbly facilitators using

| VENAzynes, 1n .so enbodi nent s,, subst r.at.es aved by NMNAzyrnes.c be
reconst i tzf)@c?g ]an(geerﬁ&h P @E%/B?egol}&rﬂ’%i%chasﬁiibg@vﬁe@“éﬁx?aﬂglg%%a[ %6@1%2 ] The
term " nodglipt@r" as used herein is an entity which can increase or decrease
the catalytic activity of an MNA system Modul ators may be "activators",

whi ch act t ygi® |0r TG h=Qhptiigaeidad tshcRitinEN phAZAIVE bul Bots geRsfbodi ment s
nmodul ators are ™inhibitors”, including but not limted to, "assenbl

[13 e

i nhi bi t or solely?. JOuternares yariaphpf Gesword (OIITEBEO48DFPCTPRPESY 079001517
33 specificity.due to hj . : re of the aptaner, such as a

3- di mensi oR &l S?%d?%‘%“ %ﬁ*&?%@%%%g%%@éf’%%?ams may t herefore bind

pr ot ein, pti.de pi [ .aucl.ej G..aci i € ' » LRI gs,

| i popr ot effﬁ@%?a T%e te\?{%rgu %1 ,u?%)g %I’i ‘gll,la%lr@c ngea%{%/uﬁ%rogﬁ(gérﬁ&?%og}ags,

met abol i t @ssd piatchdaeablyt axil nssferc ant ani sieid-s orpdosdastrarded | pelymegaol sns,
smal | nol ecul es, 5. palyners, meaal. iogs, net al aialts, gqrigns or_an

deri va¥i vél?o’ii’é‘fbf”il%?‘?f%@e c%‘rr_tﬂbﬁé’t“i wiide he3&dt oF of AR bt Aervedies t¥ Pref erred
apt ar ner s gher e (FBYmGRMRI rsOhEuShhShenstiAnded TONA eehiRNBdabNgoner s
that can be 1solated fromconplex |libraries of %nt hetic nucleic acid by an

i terative afkybtasBNGE, RdSomsthivined R¥SoveieipR NI R dSIREAnshR Nide 1884, Bi¥faner s
may t herefor e era i nst_al n 1, 1 1ARN0. mall io0
nol ecul es S%?}@ﬁga%t N0 & }l&’g%g éo}l?‘ pﬁﬁ%ﬁ%lﬁ?@éﬁ%e@ﬁ%f%@gﬁﬁ%‘#ﬁ, %%%Sﬁg}lag aci d
st ruct ur eRNA NictiRgtivas Gsent, dnpiientsi there@niranp csmbinetiarstheretd Byuidycbinohecul ar
switches intqQ MNA systens contai ning assemly jinhihitors. The presence of
2 ot T aGTIINE CREPG AF SHCE Che DI PR ECNRAD e et FPEviEs EoBR FePPER TGt hand
side) and NG CIRUAL0NL FNF/ACEIMNE], HalC Ringal MactHAARHGC RS bChnpf I the
activity of an MNAzyrme (Figure 7 left hand Side). Further, in 15the present

i nvent i on capbambestbarcef.al so used to facilitate detection of nucleic acid
and non-nucleic acid ligands. Detection of a ligand can further be used to
trigger arf0ahdl ] f Toateion“casdadesisicrrcidumplaglglif caidytid furlsesid o “andBduUD
anplication, cascade ]..00157 As used herein, the t " !
N nponen R LR e ARG eSO Eean OO R S e AYE R e
refer 1,0 anPNAreORtENAI RBlcOlc BNANA-containing molecule (also known in the art as a

“DNA enzyme”, “deoxyribozyme” or “DNAzyme”) or an RNA or RNA-containing

molecule (zlso known in the art as 2 “RNA enzyme” or “ribozyme”) or a combination



20 contai ning or DNA-RNA-contai ning oligonucl eotide, two or nore of which,
only in the presence of an MNAzyne assenbly facilitator as herein defined,
can togethesutpmsan "MNAzyme. " In certain preferred eygodio@nbsi;one or
nore conponent partzynes, and preferapty at |east two, may conprise three
regions or domains: a "catalytic" domain, which forns part of the catalytic

core that, catalyzes L.cal .modi fication, N . : in,

Whi ch iy PGEhAFEEet WA NG BB Ruer B e s dubrg Pt ! fP R

" subst r at @tAyals HedBldlion WTiteh subBata SERCIalketidd febidagdihale bitigid oudeic
substrate. An exanpl e depiction of these regions or domains is _shown in

Fi gure 1.acisrmey msiidaghe Bmﬁ& Gt T) ekt anh &l ddi derigmnics catnsbHestes

i ncl udi ngtthQ £ hot limted to an aptaner, referred to herein as an
"apta-partzyne". 30[ 00158 ] As used herein the term"ffill adder" refers
to a | ogi enent, t hat.. . f at,j..qn Fe d,:I Laputs, to
producse tﬁ@dlaghqﬂ‘ge bﬁeﬁgﬁynggﬁ"ﬁu{ng.g ne%ﬂen%g %{CI ta%; dgér?rﬂ%%gr’ atell11 gfr%lgt% (E)l ggla?he

f ol | owi ngmiciiescid’l, FMIRE" pt €5ENL eomblealyefant exadtdey vdneh ¢omguise pwoduces only
a first output; ii) the presence of any and .exactl WO, L nput s produces
only a seBEHICEmoFEHs spleptpd dinpg Sbeegfé?ﬁeéoww%gﬁ yxaﬁ“fn“?i’mggepﬁfﬁ %
produces botfict hend i s da 3REREORE Bl Ulrdl, maldatol ¥hmbhiRnRbsenamgof al

three inputs produces no outputs. WO 2008/ 040095PCT/ AU2007/ 001517 34 [
00159 | Asmctivite chiistoss, mssentvdy indiliiorss a8¢ geraponca dhercalp Imagne gebediniesl of

processes,or. erations_th ' RS LV Waerain: the
occur renc eMﬁg&?ﬁm t Y "}‘3@’?yp|“t‘:ga?‘18yma”§%g§§‘§h¥‘&§§{st %e ocf??:urrpgér’]%estagf a
pr ecedi ngirstidgeompleg asclageaniNAinesefomipeist ao MiK&] which mzy alatbd defirtedd to, an

enzymati c cascade or any other signal .{ransduction c ..In.s
b0 ek heTein da SCRHB P DG G ST G TBE B Yo ddtit i ng
from cat al yidfmagt ithﬁi MAOEQIﬁﬁeJlé%&%&- orlebr RESRE @F rt&dco%ﬂaaéﬂtm{qhﬁed sg#ch an

anplification cascade may involve repeated and therefore cyclic
anpl i fi catdsemblpfand celatysial by wheMSinyreatnalvdinge baicretviimeiedoto, & substgte, oNAZy e

k i | abl . i ..ol I |yt V] f d
VNacy io, GHERHY AP L h Rhe e o it et hd Yy LB bbb, % or "

tal yti Lvit f_an diti I d | ' ts,
Che-rbaui FB0°Adt atart D oty rots<l Bt 7y he S are ah Dy Re e IaeL T ©

facilitat gfguerdes s biddyenes pwhidh g8ty inahPaeichorofVINKzagrRRembheketifa@r a
conbi nation thereof. I n sone enbodi nents, cascade rrgg her ef %F)gv\ii)pvol ve
p rté,aétis 6

product i offob xRt uPEREDy ETRY 4TefqEYe Aol WerBE PR
abu”dancegﬁﬁgfgl&‘gg&ﬁédi@%mgf% %itl&'a@ﬂe. t Qn Bxdr§ieY NN AWINE RolbrifRY phe-yhi det ect ed.

I n ot her nts, han two catal ytic stages may be enpl oyed. The
cascade nayd pretziine&ais depisted ip Feduey eV ibnisbtinge tn Figuteel, pagemenrs Afrﬂi}gﬁe
exponential , J|l.n.preferred .enbodip , (@ € Vi | acfi vation
of an MNAFA t%fn?l g?mai[}aarss db]?hn%m?q]haﬁ%%%cg& 0 ghaﬁ@ag% ?%/I?E?ybe{lsﬁ;ﬁaél?ﬁ?%r .Gﬁien sone
enmbodi mentevA NN GOFRIrEY vERATI A affyofaricyeat dndp Iybedvagiaaht ©t her MNA
conpl ex conponents. In sone egﬁ&di ts,, 20 MNA gftgpl conponents may be
created byadhi GREFiOBHOSHRNE MR Eo Fé‘}psﬁ'ﬁﬁﬁﬁﬁ% ; fm@s} e "5y usi ng
a DNAzyme Fﬁﬂﬂ%%@,gtgne rhodRLE0, %ﬁ.%%&b%eﬁno'f Qhic8q8 Hﬁﬁi?%d: ﬂeﬁllﬁ:tcﬁﬁlﬁ@cb% gkenotes a

segnent o a DNA- contai ning nucleic acid nolecule, or RNA or
RNA- cont aitlei M Arpinecioinesd yr the igemtionaf itorcatahdicalomairsod irplizses A and B.

ol i gonucl egti des A nucleic acid targets; trates, ' anpl e,
t hose whi gﬁeag?ﬁ? #&%%éaﬂ 6récnr% ﬁ%g%tﬁ 1%)&1%“?}%5@ gﬁ@ﬁe@%@%’iﬁ%s t hose
used for NINMEFRO cle@fcgahe aimtrakieardean Dyropichodst s unbndhsr BERyainntus
conponents of MNA conpl exes. MNA conpl ex conponents in(;,,laag]ﬁiaj\g&p but  ,not _
limted tScREHBBNLRaY dde|trmt oREl-cauRwib) JiciAhrud CBFEN #0¢T Y2 R bi tors,
atm st abi L}seis Adh QhRiRaldh o bRk Rbd € TROMPRN LSmyIBY SO | S

ol i gonucl eof I des as erein. Partzymes as 30used herein may al so
- conprise oldgohacteoipedies sirfot0Od BbriposHieoft threasutisnl yad cdadesuiegest, othgrucl ei ¢
acid" and "

| i | eotide" | f t | fi
e S T A e e L T ey
ai I 1 d | I t . ddi ti bstituti
el udi ng LB0K ot AT FRFRIROL B PR RG o o 6P Er g AT g1 B TACHAS 5.

is {llustrated in Figure 2 (i1). A partzyme may comprise multiple components, including




WO 20081040095PCT/ AU2007/ 001517 35 (car boxyhydr oxyl met hypuri di ne,

2' -0-net hyl cytidi ne, 5-carboxynet hyl am nonet hyl thioundi ne,

cl i hydrouyri di ' - 0- et hyl pseudouri di ne, beta D-gal | Lne,
met hyl gug%%g[eﬂ%f“f}%’osi ne, N6- i sopent enyz/adenosi ne, 1- met ﬁ{ﬁ[g ezgg?gi%&r)lsg? 1-
met hyl pseudouri di ne, 1-nethyl guanosi ng, 1-nethylinosine,

2, 2-di net hyl guanosi ne, 2- 5net hyl adenosi ne, 2-net hyl guanosj ne, .

3- et hy| ciyttingi hejteds ionat eyl icdinpenienigith a truncated serisor arm and a stabilizing

met hyl adenosi ne, 7- met hyl - uanosi q,@—ﬂ@; 1!,@{%'@ b QiR Dy

net hoxyan‘ri‘rﬁ“of‘roéz'iq?‘rr?}‘_et’{ggvylflﬁgL gf#?ﬁ?i@?be a rr‘g%nosy %’fﬁﬁf %%%S&r%gl grer &

met hoxy caghaml Faaiiyd s debied ir i Xiivt dithe s@sretehy| t hi o- N6-

i sopent enyl adenosi ne, N49- bet a-ri bof uranosyl- 2- et hyl t hi opuri ne-6- o

yl') car banPUdlBt.i'T]'r GoBRiIther “MNAi” as used herein refers to an MNA complex that is in a

N4( 9- bet a-ri bof uranosyl purine-6-y1) N- et hyl car har noyl )t hr eqpi.ne, . .

uri di ne- SeailytiteBY inactiiE) stptpetiprie satalytic vy ﬁé@%b%%}%%% iaeﬁ‘a& 13‘11%’&?‘3{
wybut oxosjne, . g . e TN AQ Gy 61 D@alytically inactive due

5- et hyl G %‘fﬁ?ﬁ& ?lrjl%pqé@ﬁ?%g%g?c? ?lgsé’ 4-1 hi our)Ji di ne,yug?n%inﬁc_l uri di ne,
NA9- bet a- @3- ihding uf anediptityliniihderceligphycbeatifa ferosxptipie enidpusted in Figure 4,

21-0-net hyl - 5-pet hyl uri di ne,, 2'-0-ne uri dj i -

153- (3 anihish 84 Dok SHRUEY Frart B de ket oo ara S dr R AL B b g o

D- ar abi nogyky $H%HindiAl@arthyROBOZn hssdiitely FRilmOLeId ateddtiviay inhitdtor usedaten

relation to a nucleic acid or nucleotide_ of tﬁﬁ present inv, ntt{fgq 1 ncl udes

any funct fcofsanlap iegtivy apshlexndedigpeel srmedesqy MYAT sBneies ar Hpy rén‘@ any

fusion no eggs‘j%lf;es produced integrally (e.g., by reconbinant neans) or 20
ynt

added pos E hesis (e.g., by chem cal neans). Such fusions nmay conprise

ol i gonucl i.,des of .the . L@n:_ WM
conjgugat eg&ﬁf{}%i p e)}%%n%t ic”t‘éﬁ?fg%ﬂ%ﬁn%&ftvg@%ggfﬁpwo‘?ﬁ%?q%%%ggﬁpgé),’ a

smal | ol eguigichBy thactivesdiNg o) o tienViA i ds ashd. hereid @dfeBio]mmheontmmant

"anal ogue"” when used in relation ta a nucl.ei ac%j d r ucl eot{)gl. %1%

i ncl udes BUEBAPEAFATREFFHY LIRS 8PidH 2 C@t*]’fy&&i‘lﬁ'r%cﬁvﬁe?% TS5 P Sﬁﬂeaﬁ 6 a DNA or
RNA m%'secghi‘iﬁicﬁwmﬁeeoo@m(“mﬁﬁnmmh&n@f bh QEfiiyigaly Myeheger fond with

a DNA or residue or an anal ogue thereof (i.e., it _is able_to anneal
with a DNaindimgRMAmy esivitydnbibitemnobgeardentide+ Retodier (beginath thas@agiier ) | but
such bondi i s _not..so Wy I Lo 19 PBLRGANRASSed W thin
the term h@%‘él%‘é‘ﬁe&t‘. %Sﬁéﬁﬂgh%%ga%@gdﬁa 9%%@?(3%?% 1di ffer er]t_"algﬁem' cal and
bi ol ogi cabnproepasti es teo coipomanizoraquiedfar dextadyticd d@X g iho rrgdYisbeicd 8ol esi due

to which they are structurall el at ed. t hyl ated, 4 odin , ] nat ed

or bi oti nyFRtiaed ratt By §°@l§ﬁpl so%fe@ﬁghe Eg%e a%%gclev%t %%A%lj;ﬁrrléég have

been dz%,scrcbﬁﬁ&emi LhuitRNER IONAEShROLdidey #al aguRactidmalilidi ngy deortyimosi ne,
e

C-5-i mm dazo :
formation of an “inactive MNA complex”. In another embodiment the

microenvironment, for example, the temperature may not be compatible with association
of all the components required for an active MNAzyme. In another embodiment an
“inactive MNA complex” may contain all components necessary for structural formation
25 of an active MNAzyme but the “inactive MNA complex” lacks activity due to the
ahsence of one or more essential ingredients that are required- for catalysis such as, for
exampie, a divalent cation. In another embodiment, the inactive MNA complex may be

inactive because of the presence of an assembly inhibitor,

[00137] The terms “molecular switch” or “switch” as used herein refer to any MNA
30 complex that can transition from an inactive fo an active complex, or vice versa, in
response to an input event. In preferred embodiments the inactive complex is a
catalytically inactive complex. Catalytically inactive complexes may comprise a

disassembled complex, a partially assembled complex, or complexes such as an MINAi or



WO 2008/ 040095PCT/ AU2007/ 001517 36 deoxyuri di ne,
3-(am nopropynyl) 7-deaza- dATP, 2'-0-nethyl RNA, 2' O- met hyl cap (Waxashi na

et al. §ns at al ., 2003; Schubert et al., 2 v,.et al
2004) . %ﬁge;r?%gna ogues are conpatible th catal ytic ac étﬂglp(r(;1?~’ilgl)NAzyrres

Alteration of a catalytic nucleic am% sequence for exarrpl e by
substitution of one base for another, substitution of an anal ogue for a
base, or %¢m@1@tW5h1w®ﬂSS@%@t@@@$jambb’éﬁ%bﬁﬂ At CorlyBral et earpexep ek Bene, can
be stralg[{)lﬁ\I rd for the skilled artisan. For exanple, alterations can
be nmade m%msynt he5| s, or by nodification of specific bases after

synt hesi s %Dl%gg; S B%Ig%t | nag%&b%}egt %Itlji t'%[log nu%cﬁi 6 aﬁ'sFemm?C%cHﬁ{m%E‘ ng

al te_ratl €8 anal ogues a f or ‘assessnent of
t he i mpactvmbzihe aésteﬁbgd ﬁamﬁ&eﬂueﬁtﬂ@ﬂe”pr“i’acpmmdr’r c “anaA@gmmsassﬂﬂﬁyat alytic
activity. Anal ogues of the bases A, G g knovvn in the art, and
a subset feeilifaet aad (“aotivaier @SSfmb%%chﬁarth @?aﬂ?ﬁ}f %re%‘fre (’3? &Biitiggdh %trfé? ogues

usell TN sxiabian rmcecife Sageiaon ars chubialy v
5-car boxy]]owtzyhnnby\ammw&m t\mtfouha derser Pk hyfdeuMNhzyme. In preferred
embodiments an assembly facilitator is required for the self-assembly of an MNAzyme.

In one embodiment, an assembly facilitator may be comprised of one (Figure 1} or more

10 molecules or components (Figure 2(j), Figure 4-6 and 9-10) that may pair with, or bind to,

the sensor arms of one or more oligonucleotide “partzymes”. Assembly facilitators may

also associate with MNA complexes which are not catalytically active including, but not

limited to, MNAI and partially assembled or disassembled MNA complexes.

[00139] Components of an MNA complex may comprise domains which have
15 separate functions to the component as a whole. For example, activator assembly
facilitator domains may be contained within other components, e.g. within an activity
inhibitor molecule, where they are present in a state whereby they can not contribute to
active MINAzyme assembly until liberated from the component by, for example, cleavage.
“Activator assembly facilitator” or “activator assembly facilitator components” as used
26 herein refer to entities that, once liberated from within another component, or provided
exogenously, can facilitate the self-assembly of partzyme components to form a

catalytically active MNAzyme by interaction with the sensor arms of the MNAzyme.

1001401 Assembly facilitators, such as activator assembly facilitators, can be used to
control the assembly of active MNAzymes or facilitate the transition from inactive multi-
25 component nucleic acid complexes to active MNAzymes. The said multicomponent
nucleic acid complexes may be catalytically inactive due to the presence, for example, of

an activity inhibitor such as in MNAL

[00141] An “activator” as used herein is any MNA structural or meodulator
oligonucleotide component, any “molecular effector”, “ligand”, “target”, or “event” that
50 results in activation of MNAzymes. Activator oligonucleotides include, but are not
limited to, oligonucleotides that act as assembiy facilitators, a partzyme or component
thereof, for example those with truncations of the sensor or substrate arm, and partzyme

stabiliser arm components.
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[ 001427 In other embodiments activators may acﬁQate MNAzymés by removing
oligomcleotides that exert an irhibitory effect. Examples of oligonucleotides which can
activate through such 2 mechanism include modulator oligonucleotides which can
displace (remove) inhibitory components, including but not limited to, an “activity
inhibitor” or an “assembly inhibitor”. | '

[ 001431 In other embodiments an “activator” may be a ligand which interacts with an
aptamer domain of an MNA. complex component wherein the result of the interaction is

activation of the MNA complex.

[00144] Asused herein the term “stabiliser arm™ refers to entities that can interact with
at least one assembly facilitator in a Jocation adjacent fo a sensor arm of a partzyme to

allow assembly of an MNA complex including but not limited to an active MNAzyme.

[00145] The term “target” as used herein includes any natural or synthetic entity,
constifuent or analyte which is sought to be detected, identified or quantified by a
particular MNAzyme(s), with or without an additional amplification step inciuding but
not limited to an MNAzyme amplification protocol, for example, the “Signal Cascade
Using DNA” or “SCUD” reaction. Targets therefore encompass the broadest range of
detectable entities, constituents or analytes for which methods of sensitive detection,
identification and/or quantification are desirable, Some exemplary targets include, but are
not limited to, protein, polypeptide, peptide or nucleic acid, glycoproteins, Iipids,
lipoproteins, entire organisms, cells, viruses, bacteria, archaea, yeast, fungi, antibodies,
metabolites, pathogens, toxins, contaminants, poisons, small molecules, polymers, metal
jons, metal salts, prions or any derivatives, portions or combinations thereof. Other
targets are also contemplated for use herein. It will be understood that the target may also

be an assembly facilitator or activator.

[00146] As used herein a “detectable event”, or “input” or “input event” includes a
change in the microenvironment of the MNA complex, including but not limited to,
MNAzymes and/or inactive MNA complexes. The change may be, for example, change
in temperature, salt concentration, ionic strength, pH, divalent cation presence or absence,
type or concentration, electric charge, magnetic charge, physical manipulation and change
in concentration of an MNA or modulator component or component of the
microenvironment, or any combination thersof, It will also be understood that reference
to a “change in the concentration of” includes an increase or a decrease in concentration

and also includes the appearance of an entity previously absent or at undetectable
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concentration in the microenvironment of the MNA complex, including MNAzymes

and/or inactive MNA complexes such as MNAi

[ 001477 Entities which represent detectable events may also be used as “activators” or
“inhibitors” of the catalytic activity of MNAzymes since changes in the
s microenvironment can be used to manipulate catalytic activity of MNA complexes. As
such, these entities allow the catalytic activity of MNAzymes to be switched “on™ or
“off”, for example by promoting transition from inactive MNA complexes to active
MNAzymes, or vice versa. In some embodiments the entity promotes assembly and
activation of MNAzymes. In some embodiments the event or entity promotes disassembly
10 and inactivation of MNAzymes. In other embodiments the event or entity may direct the
assembly or disassembly of MNAI or other MNA complexes. In preferred embodiments

the process of activation and inactivation of MNAzyme cataltytic activity is reversible.

[ 00148 ] The term “activity inhibitor” refers to any entity that can bind to one or more
components of an MNA complex and direct assembly of catalytically inactive “MNAL”
s (e.g Figures 4-6 and 9-11). The inhibition of catalytic activity by the activity inhibitor
may be mediated by an “activity inhibitor domain”, also called an “activity inhibitor
éomponen » “inhibitor domain”, or an “activity inhibitor domain” which is substantially
non-complementary to the partzymes. In preferred embodiments, an activity inhibitor
may comprise several distinct functional domains, for example, including but not limited
2o to, functional domains in any combiration selected from an activity inhibiior domain, an
activator assembly facilitator domain, a substrate domain, and/or a reporter domain. Such
distinet fimctional domains may or may not coincide with several distinct structural
domains in an activity inhibitor. Accordingly, in some embodiments, an activity inhibitor
may comprise an activity inhibitor domain which is substantially non-complementary to
25 the partzyme components and which exerts an inhibitory effect by disrupting the
secondary stracture required for formation of a catalytically active MNAzyme. The
presence of an activity inhibitor drives the assembly of MNAI complexes that are capable
of interacting with, but not catalytically modifying, a substrate. In some embodiments, an

activity inhibitor may comprise an assembly facilitator domain.

30 [ 001491 In some embodiments, the activity inhibitor may further incude & labile or
cleavable linker or substrate, which may for sxample be located between two or more
domains within the activity inhibitor, for example an activity inhibitor domain and an

activator assembly facilitator domain. Cleavage at the substrate or linker site may allow
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separaiton of an activity ehibitor Jommain §05mu an activator assembly facilitator domain,
which may then function as an assembly facilitator component and direct the assembly of

an active MNAzyme.

[00150] In some embodiments the activity inhibitor may be conjugated to other

s entities. In some embodiments the activity inhibitor is conjugated to a gold nanoparticle
coupled to a radio-frequency magnetic field to allow remote electronic control of
hybridisation. In this approach radio-frequency magnetic fields function as antennas
enabling reversible thermal denaturation of specific oligonucleotides, while leaving the
surrounding molecules relatively unaffected. In some embodiments the activity inhibitor

10 can be labelled with biotin to facilitaie capture and physical isolation of the activity
inhibitor,

[ 001517 As used herein, an “assembly inhibitor” is a component which inhibits the
assembly of the MNAzymc complex by complementary binding to an essential
component of an active MNAzyme complex, for example by binding to a partzyme
15 component or an assembly facilitator or a substrate. The binding of the assembly inhibitor
sequence to a first MNAzyme complex component leads to competition between the
assexnbly inhibitor and the said first component for binding to a second MNAzyme
complex component. For example, the assembly inhibitor may bind to eitber a partzyme
substrate arm ({hat binds the substrate) or a partzyme sensor arm (that binds the assembly
20  facilitator). When the assembly inhibitor is complementary to (and bound to) the
substrate arm, it competes (and blocks) binding of the substrate to the partzyme (Figure
7). When the assembly inhibitor is complementary to (and bound to) the sensor arm, it
competes (and blocks) binding of the assembly facilitator to the partzyme. In this manner
an assembly imhibitor blocks the assembly of MNAzyme complexes. The assembly
25 inhibitor molecule can be used to control the assembly of MNAzymes, and further allows
the development of strategies for the detection of both non-nucleic acid and nucleic acid

target analytes,

10015271 The terms “substrate”, “substrate molecule” and “chemical substrate” as used
herein include any molecule which is capable of being recognized, acted upon or
30 chemically modified by a molecule such as an MNA complex. The modification of the
substrate provides the “output” signal or “detectable effect” for monitoring the activity of
the MNA systems. In particular embodiments, a substrate may be recognized and

modified by an enzyme. In other embodiments, a substrate may be recognized and



Udi ne- 5-oxyacetic acid (v) Osyw Whbut oxosi ne P Pseudouri di ne Q Queosi ne s2c
2-thiocytidine s2t 5-nmethyl-2-thiouridine s2u 2-thiouridine s4u

4-t hi our igj sdrethyluridine t6a N-((9-beta-D-ribof ngsyl puri_ne- 6-
U1 car barso BftsfeRadel ] { HERRESHLRHLY,

modified by a catalytic nucleic acid molecule. In preferred embodiments, a substrate may
be recognized and modified by an MNAzyme. The chemical modification of a substrate
can be measured by the appearance bf, or increase in, a product of the modification
reaction, or by the disappearance of, or decrease in, a subsirate of .the modification

5 reaction(s).

[ 00153 ] A “reporter substrate”, “reporter probe™ or “reporter oligonucleotide’” as used
herein is a substrate that is particularly adapted to facilitate measurement of either the
disappearance of a substrate or the appearance of & product in connection with a catalyzed
reaction. Reporter substrates can be free in solution or bound (or “tethered”), for
10 example, to a surface, or to another molecule. A reporter substrate can be labelled by any
of a large variety of means including, for exampie, fluorophores (with or without one or
more additional components, such as quenchers), radioactive labels, biotin (e.g.

biotinylation) or chemiluminescent labels.

[ 001547 As used herein, “generic” or “universal” substrates are substrates, for example
15 reporter substrates, that are recognized by and acted on catalytically by a plurality of
MNAzymes, each of which can recognize a different assembly facilitator. The use of
such substrates facilitates development of separaie assays for detection, identification or
quantification of a wide variety of assembly facilitators using structurally related
MNAzymes all of which recognize a universal subsirate, These universal substrates can
20 each be independently labelled with one or more labels. In preferred embodiments,
independently detectable labels are used to label one or more generic substrates fo allow
the creation of a convenient system for independently or simultaneousty detectiﬁg a
variety of assembly facilitators using MNAzymes. In some embodiments, substrates
cleaved by MNAzymes can be reconstituted, and hence recycled, using a DNAzyme

25 ligase.

{ 00155] The term “modulator” as used herein is am entity which can increase or
decrease the catalytic activity of an MNA system. Modulators may be “activators”,
which activate or switch on the activity of an MNAzyme. In some embodiments
modulators are “inhibitors”, including but not limited to, “assembly inhibitors” or

30 “achivity inhibiiors™.

[00156] Asused herein an “aptamer” may comprise a structure that has the ability to

recognize one or more ligands. For example, the recognition may have a high degree of
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thereof, or any other entity. Preferred aptamers herein may comprise short single-
stranded DNA or RNA oligomers that can be isolated from complex libraries of synthetic
nucleic acid by an iterative process of adsorption, recovery, and reamplification.
Aptamers may therefore be generated against almost any target, ranging from small

15 molecules such as amino acids, or antibiotics to protein and nucleic acid structures. In the
present invention aptamers are used to build molecular switches into MNA systems
containing assembly inhibitors. The presence of an activator ligand can switch on the
MNAzyme activity (Figare 7 right hand side) and the removal or absence of an activator
figand can switch off the activity of an MNAzyme (Figure 7 left hand side). Further, in

15 the present invention aptamers are also used to facilitate detection of nucleic acid and
non-nucleic acid ligands. Detection of a ligand can further be used to trigger an
amplification cascade, including but not limited to a SCUD amplication cascade.

[ 001571 As used herein, the terms “partzyme”, “component partzyme” “partzyme
component” and “component oligenucleotide” refer to a DNA-containing or RNA-

20 containing or DNA-RNA-containing oligonucieotide, two or more of which, only in the
presence of an MNAzyme assembly facilitator as herein defined, can together form an
“MNAzyme.” In certain preferred embodiments, one or more component partzymes, and
preferably at least two, may comprise three regions or domains: a “catalytic” domain,
which forms part of the catalytic core that catalyzes a chemical modification; a “sensor

25 arm” domain, which may associate with and/or bind to an assembly facilifator; and 2
“substrate arm” domain, which may associate with and/or bind to a substrate. An
example depiction of these regions or domains is shown i Figure 1. Parfzymes may
comprise at least one additional component including but not limited to an aptamer,
referred to herein as an “apta-partzyme”.

36 [ 001581 As used herein the term “full adder” refers to a logical element that performs
an operation on three binary inputs, to produce two unique binary outputs. The full adder
operations obey the following rules: i) The presence of any and exactly one input
produces only a first output; if) the presence of any and exactly two inputs produces only
a second output; iii) the presence of exactly all three inputs produces both the first and

15 second outpuis, and; iv) the absence of all three inputs produces no outputs,
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wherein catalytic activity of a first MNAzyme makes available a required molecule for
catalytic activity of a second MNAzyme, which in turn makes available a required
10 activator for catalytic activity of an additional second MNAzyme. In some embodiments,
the required activator may comprise a partzyme, an enzyme, an assembly facilitator, a
subsirate, a target, a portion or fragment thereof or a combination thereof. In some
embodiments, a cascade may therefore involve production of a cumulative effect, and
thus detect a target of low abundance by generating a signal to a level at which it may be
15 detected. In other embodiments, more than two catalytic stages may be employed. The
cascade may be linear. In a preferred embodiment, the cascade may be exponential.- In
preferred embodiments, the cascade may involve activation of an MNAI via removal of
the influence of an activity inhibitor. In some embodiments, MINA complex components
may be created by cleavage of other MNA complex components. In some embodiments,
20  MNA complex components may be created by ligation of cother MNA complex
components, for example, by using a DNAzyme ligase .
[ 001607} The term “sligonucleotide” typically denotes a segment of DNA or a DNA-
containing nucleic acid molecule, or RNA or RNA-containing molecule, or 2 combination
thereof. Examples of oligonucleotides include nueleic acid targets; substrates, for
25 example, those which can be modified by an MNAzyme or DNAzyme; primers such as
those used for in vitro target amplification by methods such as PCR; and components of
MNA complexes. MNA complex components including, but not limited to assembly
facilitators, assembly inhibifors, activity inhibitors, arm stabilisers and/or substrates, in
certain embodiments, may comprise oligonucleotides as defined herein. Partzymes as

30 used herein may also comprise oligonucleotides.

[ 00161 ] The terms “polynuclectide”, “nucleic acid” and “oligonuclectide” include
reference to any specified sequence as well as to the sequence complementary thereto,
unless otherwise indicated. Oligonucleotides may comprise at least one addition or

substitution, mcluding but not limited to the group comprising 4-acetylcytidine, 5-
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methoxycarbonylmethyluridine, S5-methoxyuridine, 2-methylthio-N6-
isopentenyiadenosine, N-{(9-beta-ribofuranosyl-2-methylthiopurine-6-
10 ylhcarbamoyljthreonine, N-((9-beta-ribofuranosylpurine-6-yl)N-methyl-

carbamoyl)threonine, uridine-5-oxyacetic acid methylester, uridine-5-oxyacetic acid (v),
wybutoxosine, pseudouridine, queosine, 2-thiocytidmne, 5-methyl-2-thiouridine, 2-
thiouridine,  4-thiouridine,  S-methyluridine,  N-({9-beta-D-ribofuranosylpurine-6-
yhcarbamoyl)threonine, 2'-O-methyl-5-methyluridine, 2'-O-methyluridine, wybutosine,
15 3-(3-amino-3-carboxypropyluridine, beta D-arabinosyl uridine, beta D-arabinosyl
thymidine.
[ 00162 ] The term "derivative” .When used in relation to a nucleic acid or nucleotide of
the present invention includes any functionally equivalent nucleic acids or nucleotides,
including any fusion molecules produced integrally (e.g., by recombinant means) or
20 added post-synthesis (e.g, by chemical means). Such fusions may comprise
oligonuclectides of the invention with RNA or DNA added thereto or conjugated to 2
polypeptide (e.g., puromycin or other polypeptide), a small molecule (e.g., psoralen) or an
antibody.

[ 00163 ] The term "analogue” when used in relation o a nucleic acid or nucleotide
25 includes a compound having a physical structure that is related to a DNA or RNA
molecule or residue, and may be capable of forming a hydrogen bond with a DNA or
RNA residue or an analogue thereof (i.e., it is able to anneal with a DNA or RNA residue
or an analogus thereof to form a base-pair), but such bonding is not so required for said
compound to be encompassed within the term “analogue”. Such analogues may possess
30 different chemical and biological properties to the ribonuclectide or deoxyribonucleotide
residue to which they are structurally related. Methylated, iodinated, brominated or
biotinylated residues are examples of ahalogﬁes. Active DNAzymes have been desoribed

which contain nucleotide analogues, including deoxyinosine, C-5-immidazole
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"activity inhibitor" result

as "M\AI

the exertion of an inhibitory influente by an activity inhibitor.
interact 5 with the substrat

conponent s,

via.the substrate -ar

nart =

in the

OG&WJ"GXGS which are catalytically inacti Ry quefdeasti ve M NA
' and such inactivity may result from

MNAI  can
me

but 2RPEARGELRMAL al

oot

ytically nodify

'J(Al

ne.. nf t+hno
R8substrate. [ 001

tzy

73 1 The

activity in

tdMsEod  may furthes- rrteammmomthb@a?stchml@lfnean assent

Dl y

facilitator

substrate d)ﬁm

\SApEZY] II, ot a\,LI Vf

or_anv_caonb

Jba‘/ta', 'B"mé’i&r}o‘éirlﬂé‘e
nation _thereof

conpr i se an

Bnetsisyat or assenb

Hﬂugadﬁwr Epor ter dont
he —activity . +nhi-bit
§ WeEl)OwaﬁbPF‘{]ﬁ‘FB}FYl&ﬁﬁ%nﬁ and an acti

in, a
or may
vity

inhibitor d
facilitator
| east two ot

g@gm. rne acti vi
an..actd

y meﬂm:dgruimanéray conprise an activatqr assenbly

CATT AL 1T V

Mfzﬁéaactl vity inh

ﬁl'me‘tfl#itg "‘ﬂb l‘é\d he acfivator

facilitator
on di stinct

Hedtgien, substr at
do_rrai ns of th_e a

nNd(dﬁal?@t’ﬁaefﬁéof‘H’én?%’do?T er domai n may

Eﬁﬂé i!—:&ﬂ fodigROrt el
H nfl Bdefod i

:Mﬁhm%ib@hﬁbueow_ Abrbiregs)titraoniok tH

onmai n. At

y
be | ocated
e activity

i nhi bi tor domein—the activad 3t tarsday | the
reporter don#iF# of the activ T nni |Ttor nay I nked byalablle i nker
or cleavabl ¢ substrate. | OOLIF@JCWleWF\HhF?O%‘?ﬁl bi tor domai n may

conpri se a mygieotide sequen,@rﬁuaélsamyaaéﬂzw I@ﬂ’(ﬁ mémykmmt ary tq at | east
one M.NA co pt—i-Aeludi-ng e 00t o The—substriate ma
conpri se at |P&st one acti vat Br % mégeée ch%lcci ﬁﬁ;ﬁ)r domain, 20 gn act i zi ty
i nhi bitor d¢meyn and a report &rbvderEiine or any conbination t her edf . [ 00176
] The acti vigy Trhrbrtor may | bidsherieeanpri se at Ieast one asserrbl y

i nhi bitor. [-.00 =Yags at-or--dofa ray-be—a ot i vat or
assermbly fadlitator domin. PRE=HR% i vi ty i nhibitor may_al so _conprise an
activator agseably faC| l'i tat or-dompeitddéred an activity inhibitor domain.

Thi s scenarifgzis—tttustrated lgymétgﬁgcgﬂl\éh{:ﬁﬁlhghl biTor 25 depicted in
Figure 4. The_ activity inhibitor Wl y
facilitator |d6Huain, an acti vi tzytkllﬁﬁ ¥itBr _dommin and a reporter donai n, for
exanpl e, thesREF nolecul e illjustriateidirn Figure 6. In the case ofl the RIF
nol ecul e at of—ttre g(.,d.,ét\ﬁyi%lhﬂ{y_ﬁl tor domni A, The activator
assenbl Yy fadilitator domain an e _report nfvg fa¥oast f hC l-eeated on

di stinct domdifAs of the activif y(9| Hfﬁathrd-F’O lﬁrﬁf’oﬁ(ﬁ%n] Vth refefence to

the RIF nol e

cule depicted in

Fil guarea@yat threasitet wo of t he

tm 2! -0-methyl-5-methyluridine

Um 2! -0-methyluridine

Yw Wybutosine

X 1w (3-amino-3-carbexypropyliuridine, (acp3ju
AraU beta D-arabinosyluridine

EraT beta D-arabincsylthymidine

[00164] The term “stringency” as used herein refers to the conditions under which two

nucleic acids may be hybridized, and may incinde, for example, the concentration of salts

and/or detergents in a solution, the temperature of a solution that is used during the

hybridization of the two nucleic acids and time period of the hybridization. Accordingly,

the term “high stringency” as used berein refers to conditions in a solution that are

conducive to hybridization of two nucleic acids only where such nucleic acids share a

high degree of complementarity. The degree of complementarity may include, but not be

limited to, a range of from about 50% to 100% Thus, “high stringency” conditions may



activity inhibitor domain, the activator assenbly facilitator domain and
the reporter domain are linked by a labile |Iinker or cleavable substrate.
WD 2008/ 4DD9EREPSAU2007/ 001517 42 [ 00179 ] The i nverkGToxi 2807461547 scl oses
that the inhibition of catalytic acti3fity may be renoved upon the
occurrence of a particular event, for exanple, including but not limted to
the preseneaOhuef 36 IiMabO, MeGRe 88a aryagSeMBlvtutagid 4 ba@rcompribiag ei n
defined, or a change in paraneter including but not limted to a change in
t enper at wregpusTRREinERgels of Setsrasnissrks, sebdivelaptcationsn of salt, detergent,
cations or any other parameter. Further, the N NA conponents, including for
exanpl e dro0aéd | virhy fallokiny abdreviatians arnesse percat anddbigighah die sperificafien t o
facilitate renmoval by physical nmeans which nay include, but are not limted
to, attached nuchfit meitdsympvaaspasitic etidsqr miltpapirckicesid; pr ot ei ns,

ant i bodi es, RNA, , nhucl eic gcid anal pgues, bi.otin groups |l ycapr ot ei ns,
| i poprot ei ns, peff%‘@ecol”ﬁ’;exhué?‘gflfoﬁe‘?rﬁg? pEElee AL 3 i g%u?nﬁ/mg{g

pepti de- nuclgligicacidtospidyer as, radi o-frequency noieties, or any conbination
thereof. A catalytically inactive MNA conplex represents_an "off' state,
wher eas the cat alMfdavek] ymabiqopponubIpeicr epd cgarine nmubiRartisy gideic] 00180
] An acti vatagirdB directly or indirectly induce the active state. For
exanpl e, diréct”1-ndtction of the active state may occur when an assenbly
facilitator conpomént rbulfaompwatbmpcleit aridcihsctivet protdreypardozypites .or For
exanmpl e, indirect induction.of the active MNAzyme state may occur through
the aéti on( SJHHFABISEUSFICHE én?cﬂf%?rﬁfa?%?%%cfm@?%h as where an activator
conprises or congj@lz?mgf d@RvaAsgRtwhtehnaghs upon an inhibitor to cause
removal of an activity inhibitor, such as by release of an inhibitor donain
of an activity i méiRpelametssneiast 1eadioBf an i nhibitor domain and an assenbly
facilitator domai .n_ot odi ments the activator renoves the
assenbl y i nhi bi t(‘)rdrla:.R' élgﬁgfgzgﬁf%%%ﬁgref erred enbodi nents, the MNA conpl exes,
i ncl udi ng MNAzyr a5!: dockel nadticu@dNl NA conpl exes are based on one or nore
DNAzymes and/ or rj pozynes. re preferred partzyne conponents for MNAzyme
and i ractive NI J\chéri%%%e%ul\é%l%acggsed on a particular DNAzynme structure.
Presently preferrgd shiidchwies are based on 25 DNAzymes including the 10:23
and 8:17 DNAzymes. | n various enbodi ments the MNAzynes and inactive N NA
conpl exes conpri e Horederer bot h ri bonucl eoti de bases and

deoxyri bonucl eot i ﬁgmgs In nore preferred enbodi nents, N NA conpl exes,
i ncl udi ng an / and’i nactive NI NA conpl exes are based at |east in part

on the FAM or 6-FAM: 6-Carboxyfluorescein.

20 BHQ1I: Black Hole Quencher 1
BHQ2: Black Hole Quencher 2
shRNA: short hairpin RNA
siRNA: short interfering RNA
mRNA: messenger RNA

25 tRNA: transfer RNA
snoRNA: small nucleolar RNA
stRNA: small temporal RNA
smRNA: small modulatory RNA
pre-microRNA: precursor microRNA

30 pri-microRNA: primary microRNA
SCUD: Signal Cascade using DNA
TASC: target-assisted self cleavage
RIF: Reporter-Inhibitor-Facilitator



structure of a DNAzynme. In other preferred enbodi nents, MNA conpl exes,

i ncluding 30 MNAzynes and inactive N NA conpl exes conprise at | east sone
deoxyri bonucl eoti de bases or anal ogues thereof. In nore preferred

enbodi mneMQ 28 HBat al ytic core portions of partzymes HIEIEd Mt o an
MNAzyme and/ or inactive N NA conpl exed? conpri se one or nore

deoxyri bonucl eoti de- bases or anal ogues thereof. In still nore preferred WO
2008/ 040095PCT/ AlZDRFHBeAMhibidBd@ndodi nents, one or nore

deoxyri bonucl eoti de bases.or_,anagl ogues thereof are involved in the
catalysis of a s t:r%iaéowf’af‘fn%ﬁﬁ&%%%. In other enbodinents, at |east one
deoxyri bonucl eot i béi%% r_ohdrSssiagl ogue, in the catalytic core inproves
catal ytic activi tcgﬁjof anm&(\slAzyﬁnhgiﬁ%n yet other enbodi ments, there is a
strict requirenemAlPodecayadenaste BriePBsE-BXyri bonucl eoti de base, or its

anal ogue, in the akyti.c eo e MNAzynme for catalysis to occur at a
neasurabl e rate, @'ﬁ{i‘%ﬁ%ﬁ%gu{rﬁg?gpg%tga conpar abl e MNAzyne wi t hout the
deoxyri bonucl eot ifge hasen prodsgnt, once the inhibitory influence of an
activity inhibitor h%s been renoved. [ 00182 ] As provided herein, MA
conpl exes, i ncl udiFigtlRANBRESHREISind i nactive 10 MNA conpl exes nmay contain one
or more substitutj;ens guehcasi@nal ogues, derivatives, nodified or altered
bases, ribonucl eotides, alterations of the sugar or phosphate backbone,
vari ous deletions, insertions, substitutions, duplications or other

nodi fications, or any conbination of these, well known to those skilled in
the ant. Such nodi fPERILONPESGUBEON OBILGIST RAGBIEHENRIEMENES ert i ons, etc nmay
be made in the sensor and/or substrate arnms 15 and/or in the catalytic core
porti ons, [ a&l6d6minstis At entiemodw shthesuisht, thanthetiserershéoumplaseraiidesd catal ytic
activity. Supstitutio an ifi.cati.ons..to ains that bind t substrate
or assenbi§FePRSEs qoicfiﬁqlgﬁf)’nﬁ% 1%8%\,}&?11%&{66’1“’5?13?%@3 R ARY %@Eoﬁg})e re%:%he basi s of
allowing tailoring of the nolecules to different substrates/assenbl

Faci 11t ot bpal67Hor Remnes TREIN PESET GHEBHOm: R ERstene: B R A ow

tai | ori ng,t.Qifdh fefeihe HhoRBSBARE WTATokiplabOr The Widods 2endiBli dongisk gk of the
substrate arnms wll allowtailoring to different substrates. Analysis of
mul ti pbe generdompseibiens sornsising | noil-comporanhol PaHatde ARNE 8¢ FEBI*RUI ti pl e

“output" signals. I 1Al I adi yenfes . L hg. tvention
envi sagesW aﬁﬁgée[f%%%%%&%%egl%}trﬁ@% %t@&%%cigchggtgggﬁggaconpri segS of ©
deoxyri borial estiydedlyonctivhi @himactevedeudlaie dicid oomp@Bxesuth tirnprsswkcefbgn cert ai n

nodi fications/, suhstitutions etc. As a general rule, replacenent of the
whol e ol BBEPBYMAERE Y or  exanpl e, ribonucl eotides, will render the nol ecul e

i nactive because it relies for its activity on certain A

deoxyr i bohde1&Sat | Bescorfgneg Vﬁglrtih%gf?éﬁﬁi”hvﬁmﬂééf’f? P b0 ﬁ%ﬁ%%ﬁ%@ﬁ%es ina

ribozyge gey.RE SUBRLL LEbedcatoh Redoory it honughaeti dam Hutal mephideamant of

t he thIgFe rm? ecul e wﬁgtet h, rpf or exgrr%l e, 30deoxyri bonucl eo%iiii des, wl] render

t he nol ecptederibiziasingenly negFi8ai] emyanes k§uch stgnal easeadn roactipns9pliderdte t hat

MNA conpl ?a)%é’ anllpqgﬂclajlgéx{] Qechnologies such as PCR. Further, diagnostic protocols can be
developed which do not require any protein enzymes and hence are cheaper and have

longer shelf lives.

25 [00169] Inaccordance with the present invention several strategies for signal cascades,

which use MNAzymes, plus or minus DNAzymes, have been conceived.

1. Compesitions - MNAzymes and inactive MNA complexes

[00170] The Multi—componént Nucleic Acid enzymes (also referred to herein as
30 moultipartite nucleic acid enzymes or “MNAzymes”) are described in detail in US |
applications, serial numbers 60/726,291 filed October 13, 2005 and 60/724,567 filed



MNAzymes and i nactive MNA conpl exes conprise either deoxyribonucl eoti des or
ri bonucl eoti des, or even both. Those MNAzynes and i nactive N NA conpl exes
WO 2008/ G4008BRENAKAU2007/ 001517 44 conprising at | eastp@Enguabtheitre
preferably, all, deoxyribonucl eotide @ggnponent oligonucl eotides are
presently preferred. Also preferred are those MNAzynes and i nactive M\As

conpr i i ng el £2515408 1 SAANLI BN UGHEOt IS PAIR00BH01 13, ARALAGE, ot Lhi
at | east one of ’partial catalytic res of e partzynes’ conprising the
MNAzyme awdlichraréall imaaboned bidinconplexes. Akdefinsddreesiphed eryned asr £clbdsose
enbodi nent re sych se is required for .catalytig activity of an
WNazyme. §t BBVRs T FeE ol R ¢ e LRt b SH RS 3 TOgAsES G SBnponent
of an MNA,GONREIEX;dPBYorkRRA: S Glsd 168Nt c0hashl be GRAPLEIENIAL! bittAhat may
under sone conditions forma hairpin structure. I'n one enbodi ment a region

of self coligrineriesiides salfrassenyblbin the prasenteiofan assemblydrciliatoh tooform lse MYdAL zyme

sensor arms_Jl.n. a erenbodi nent ..t he. QN of Lf.C .ari.ty may be
| ocat ed i%m‘%gx'ow‘%%yﬁm&m % %aéaqﬁléfrajtli ﬁﬁle‘resu 5 ?Oa?l?pelé%?‘n%? quﬁﬁé %ﬁ%ﬁ@?ﬂé’

enmbodi menihepreR\EOBf B MEGONS cf bs dbtbeted) mph dpemtictiive Wi Mgy plasnpt @Sent in an
assenbly facilitator, an assenbly inhibitor or an activity inhibitor

conponent gt bapguse SiedviNAEYBR frRe PRIy Yepretehes oldhpigtachaiceinua iwedipl exes

nmay bind ' ' i | LeHHQPSr & Sﬁf‘dﬁ;ﬁ{' &%
00186] The s iﬁeﬁgﬁ%ﬁ@ﬁbg}gﬁ&%{%@ %I%% apprggi atszﬁ?ﬁ%td%{%i parti tdgq DNAzymes

have advaettigukatove arepdvidedaeteit. £onipsekgremmpiioms ekgomcieoimes lvapadbpaict to

stability.and e of use..lt,ls al t.0 be appreciated that. .in.certain
nbodi men{ e e eebrre A IR T BueRofRRE e A b Bt d T
enzynes, f@he @xeahentONAZEBR, of Y clizotiuieotiat YordfonkeRie @ ftintdy GlBitambat r at e,
whereas a single MNAzyne (and/or inactive MNA conplex) can recognize two
mol ecul esSUbAEREPRY AATBRESAFPIIEE W hisearDls AHDIRdRE Bt aphgatorgtarggla i) e,

t hese progerti es of MNAzynmes make them adapt abl e for systens that require

t he conpoh@M7d It cAbexamiay desizy ehan MNAzymh it shoypdgndicdnd. The prembin
"outpuyt" sj I NS Y S ' Malell '

propelr{%y %?g%%?fﬁ%éulg?gd\}?d gsth{ﬁéy%;{%%lﬁ@%}gﬁ%r% #hg%lss uc |8$1 %r:t-zhﬁg;t% ion, for
exanpl e, tenpeesisvie ahighhpstecicgistion vhishe spamehahist v moddpprmo g aomeout put

response. 2 t hods for requlating the catalyfic, activity of IMA conpl exes
b appt | EapoURENERe tEm TS dEuRlial BE (20 AE if Y e SR e
di sassenbhyesam)in Betesioiiptd. | 8fobyr elRbhdnBas]! the Riaiboe meiltanmeny . bebfanpl es of

such changes include, but are not linmted to, tenperature, divalent cation
type and E¥HERAESHRRE, oligamicleogie tistidsd iothe myfien Bodreet heseliasgmPhechr esence

WO 2008/ Oﬁg%gﬁé M}Q(Ql%ﬁtg %gﬁ@resence ofa 'datectable entity or event, Modification

of the substrate by the assembled MNAzyme can provide an “output” signal which may
be detected and/or quantified. By way of example only, when the substrate 1s dual
iabelled with a ﬂuorbphore (F) and a quencher (Q), cleavage of the subsirate by an active
MNAzyme separates the fluorophore and the quencher resulting in a concomitant increase

25 in fluorescernice,

[00172] MNAzymes as previously disclosed were contemplated for the detection,
identification and guantification of target analytes. The present mvention describes new
methods, compositions and applications for MNA complexes. The invention describes
new compositions which provide oligonucleotide components that can be used to
3 manipulate the activity of MNAzymes by forming alternative structures which lack
catalytic activity such as disassembled or partially assembled complexes. The present
invention also discloses inactive MINA complexes such as MNAI’s, which comprise

oligonucleotide components, which would be capable of being assembled into active



45 or absence of critical conponents essential for assenbly and/or activity
of an active MNAzyne. [ 00188 | The assenbl ed MNAzyne represents an "on"
state, whereas its disassenbled or partially assenble S .represent
an "of f* SPALE e assenbl y and 5 di %ﬁsserrbl y can be%‘%‘ﬁﬁ%ﬁf@@imgy
tenperature. The "on" state can be induced by switching the tenperature to
one within the range that is conpatible with both assenbly and catalytic
acti vity MNAxgmbNAzdemepprGpriate comlijonst et whith when assembledrivite 28 neRiVEY by

switching the tenmperatyre.to outside t r hat. .l 1Dl ith
either a Py %ﬁ‘g? bt H‘@affjﬁ?iﬂopcgfla%wwl %f’/ V@?ggﬁlt 6%5%&%}?%@% {rrréélﬁdr%ng

t enper at upesivehiiieceEReneRtEiald hasiNA “CaNpPexeissuchindotviadingy tesditt o only
al l ow assenbly within a restricted teng}erat ur.e range. &H onucl efot itdes,

whi ch ar efrgrarthé exarden 9f usishibitonyninfipenee 2y FBAIHEY PREDLCH i 6 Mféfude but
are not resgrjct , Stahi L afm NGRL CGRAMAREALS Wi th
t runcat edW]zltént %rS%gsrhtr%% g%dﬁlgoér%%tgietsnts o?ﬁgggenbl 1? g%ﬁpié%{ﬁt@sér and/ or

modul at or cdlirganyuelcddy tidesbst@eeat flexibility is afforded by N NA conpl exes
in which the 15 conponents of the basic design (Figure |I) have been further
split intposmall amecatpionemtibisitbmny tfartior qantisons lsut knasitdeasenblyat ed

sensor armor stabiliser armportion depicted, in Fiqure.2 ences of
whi ch canfapéitatef dograay awaptﬁvz’;yelglagg?r O(?S“"t“ﬁea TR H&mf“gnfbélfbﬁrﬁ% re&%m?ﬁig&s equence
conposi t | t@:gﬂbiﬁ&{v%&'t RIRDE afid Yotive¥ ihEGKort By e@fprivé A tivas: asembiyent

I des.

ol i gonucl e reference to Figure 2 it would be appreciated by one
sidl | ed i factitveorodpraain andhan agtivaty pelribiqrrdomsrm ThgHpEnty; BhPReHEAY 8¥PEBul d be
any of the follow ng; .th r1zy. SenseL..arm-thespart zyae, Rysggsor arm
(as il ust® &Pt ?Cirnaslg—‘?nb}f}?{ gfa(g?t,a&% hdegﬁlﬁg? tagy%cg&g? §E%21H11a(% e arm or tﬁe part zyne
B subst r afign@hMit DEstawe@Tthdadtiviy ibfiditeofomdin, 0B 89ivhtoT hesegbhsiapilidtery of an
MNAzynme to tenperature can be _explojted t.o build thernos.sensors.
r heost at sdofing WESTEHPEPAE G thapReTET 5%?@-6%’ tﬁq&%pe ot ql%lgcfg%v, m?%% the 25
assenbly ghybri:di 2ailhion)Aqkast R GARPRERRY ihtiee asakiaoht damatonasdbably or
catalytic activity, then the MNAzynme substrate woul d not bhe n'::i)(gl le ed (eg
cl eaved) . ficflitathiederasip end the wporsr dopwimpE gie\astivist InRIbRiaY P18 P46 O & hen t he
substrate ul.d. be di fi a signal would be generated. Arise or fall
R 55 S R e AR

in tenper at-i's inconpatible with MNAzyne activity, to

anot her [ i.s comat.i.bl e wth [ crivity, ;woulidbe 30.detected by
a signal ngﬁﬁr‘%}t eﬁlef oﬁcf%@ nﬁﬁ‘gﬁ%rst ra e]{]rrlgla f%é:%ﬁ%naby %he I\/NA%me.
MNAZYNES  GaibtdnkibiBy finodbindierentiey toca leapaisMNAf cotpbeat.iingudieppetzaimgs.e
changes. One skilled in the art would appreciate that the invention of
sinpl e deyiyges UsTROuNNAZYRRS condis2A0R4A400 8GRaT! A200Ty/fediiBDT dagaior
tenperature sensing could be applied in rra% i ndust.ries }ancI udi ng, for
exanpl ®, thecPhRaripaBRTGOREM A GEEPORITRISHFNCEIPPL FEr PR PFPYs [ 00190 1 In
ot her enbodi ments, "a magnetic force can regul ate cati on%ﬁb?nﬁ@ln%%)ati on and
hence proVil8&’al sWhe ehivipinhibdarmay fAHeeRre 2Hewt 01 3P5TPR f
Positively charged 5 cations are required for the catal yti% a_gltlvit of
some MNAzY99377 A Wagreenblyf Gicdisaten dpmaial may hatdny 81tyalehidseRiih cwm@f//ne
activity off by.physically. . ' atdivelky ﬂhﬁl £Q8E DAl ot
conponent éiof“raﬁ%'rgﬁé‘%%%l |W§?§P}&2{%§ng Egget%hga%s% (¥or “exanpl e M2+, The
MNAZy e c ol chnt hieiRith entebitdr cduashith iiks ocenbyio ab ilbwiraigd biethpastivipnissibiag
cat! onzss todagi%‘pe?i ig%icgh(zrel JE] gggtlav(igy'inhibitor may comprise an activator assembly facilitator
domain, an activity inhibitor domain and a reporter domain, for example, the RIF
molecule illustrated in Figure 6. In the case of the RIF molecule at least two of the
activity inhibitor domain, the activator assembly facilitator domain and the reporter

domain may be located on distinct domains of the activity inhibitor.

s [001781 With reference to the RIF molecule depicted in Figure 6 at least two of the
activity inhibitor domain, the activator assembly facilitator domain and the reporter

domain are linked by a labile linker or cleavable substrate.



io[ 00191 ] In sone enbodi nents the active "on" states (MNAzyne) can be

i nduced using a pHwthin the range that is conpatible with activity.

Conver sel "off' state can be induced using a pH outside the_ range that
i's conpa?%%ﬁ@ﬁﬁf@%’activity. pH may f%gther be used td ContFBI% i vity of
MNA conpl exes by induci ng hydrol ysis | abi | e sequences, and thus either
creating or destroying a new conponent for an MNAzyne 15and/or inactive MNA

conpl ex. [[000TPLDb2The Fventire sleh discloses 4l dht mbdfitiem pf explyon evitvitlgfmenbe MNA

conpl exes_can .pr.ovi.de either "ons.oor.  off’ i i -

exanpl e, IFIH%VG(SI I %?8% ,H?Cﬂ%%‘{f?n & Oggaﬁ'gﬂgaer, eu}? Iﬁéfofﬁgf%%qpceh#ﬁgg g]?cﬁl ;3 ghzg%tg& or
concent r ab it peadca ofiia@vtilatoe kuch eg uhaisseantbly Thelitatop ad heepéefined, clesi gns of
conmponent s which can as,sengi:ne into M NA conpl exes, for 20 exanpl e two-part
assenbl y ShaREe| PPATARTFRSPEE (b R AFRitssoP 2 (hrbSe Shframerfes (Wt Efuncat ed

y T and ) eSS =(W t
sensor, ﬂj{%?ﬁgw@g?lﬁ}aﬁgh Iz, @&«tgfgézzt, LRbROGHGES _otﬂe?ﬁhﬁahﬂctekymrﬂ{eﬂ gystens

whi ch ca oring (fine tuning) of conditions conpatible with
hybri di zad¥Nén camgdotrars einbMidingofig] exenads edtb egtivityu iathistor, ey kyportodatz at i on

VNa” conpl R PR aH PRSI PRy any PRel o SR bt a8 e Rh bRl o
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enbodi nments, conpl.e tary ol iganucl eofides can be used to out- .conpete and
hence swi R Pt ularo_ %‘H “gri g ﬁ‘ff?ﬁ‘% oPTdEt ﬁ%ﬁ‘gﬁ% & \l}lala(Fe(@hOPn
thensgl vesnmaymeOMRIISS: ald hens aad ivat et -MMAZY "R) v@iout RabGbdinRniNAe
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appr oach Malpzyeepend dagiétd Yot compleras somptien cifsngbhethtrdoptcledtidp dpseyNAzy me
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di spl acen®fif™ 6t Oéﬁ\bﬁ‘&w oﬁ“ ggée?f%% 34‘ %aéq‘i;’?lﬁ?%r”ig&ﬁgwﬁ?’&gnﬁnﬁlﬁ%yr ne
by an ;act AN niedBhPidLfive MNA complexes comprise at least some deoxyribonucleotide
bases or analogues thereof. In more preferred embodiments, the catalytic core portions of
partzymes assembled into an MNAzyme and/or inactive MNA complexes comprise one

or more deoxyribonucleotide bases or anmalogues thereof Im still more preferred



[ 00197 ] The skilled artisan will recognize that the various methods
provi ded herein 25 can generally be used to nodul ate the assenbly or

activity MNA conpl exes or of nultiple MNA ge a single
reactlonv@rmgggggbg% 3. Use of the conposjtions as nol ecul ar svm tctﬁg% [ 00?,98
] Persons skill ed in the art wll recééynl ze and understand that the present
I nvention may be equated with a nol ecul ar or biological "switch", the

appl i cat i enbodihe8) omhioc maxe dedvaribimictsohdeehrsbaercanaloEResitheraphare MarmiTeds of

nmechani sm f t chi and, of f ne-a i st [ TabI e 2
bel ow. %ﬁ%ﬁ%@ﬁgﬁﬁﬁﬁ%@?%m Paéfhgyﬁ%%%g{n%\}%’ %tn%g?tnéalct ive MNA
states anded%@ﬁtk@ﬂbﬁaﬁdef@ee S @;ﬁwmemme@mymotmmm estalyfiy petivi@n”

active state "Of" inactive state Exanple of a pechani sm Whl ieh can i nduce

transiti opf Belhermge i vet dhd em@aéw%: @F’&t%@ SEORIREYRENS A A XeesSnbl y and

g;sass? nbhé’ox%drﬁﬁcl%@t?&”@s@,dof e b¥a108ueP R tedddiatyith S S8l ?@NXE}HP@ f@t ure may

catalysis to occur at a measurable rate, relative to that of a comparable MNAzyme
without the deoxyribonucleotide base present, once the inhibitory influence of an activity

inhibitor has been removed.

[00182] As provided herein, MNA complexes, including MNAzymes and inactive
10 MNA complexes may contain one or more substitations such as analogues, derivatives,
modified or alicred bases, ribonucleotides, alterations of the sugar or phosphate backbone,
various deletions, msertions, substitutions, duplications or other modifications, or any
combination of these, well known to those skilled in the art. Such modifications,
substitutions, deletions, insertions, etc may be made in the sensor and/or substrate arms
15 and/or in the catalytic core portions, as demonstrated herein, such that the molecule
retains catalytic activity. Substitutions and modifications to arms that bind the substrate
or assembly facilitator may be well tolerated and in fact are the basis of allowing tailoring
of the molecules to different substrates/assembly facilitators. For example, modification
of the sensor arms will allow tajloring to different assembly facilitators, while
20 modification of the substrate arms will allow tailoring to different substrates. Analysis of
multiple generic substrates allows the simultaneous monitoring of multiple “output”

signals.

[00183] In certain preferred embodiments, the invention envisages MNAzymes with
catalytic activity that are comprised of deoxyribonucieotides or which are derived from
25 such molecules by certain modifications/ substitutions etc. As a general rule, replacement
of the whole molem_ﬂe with, for example, ribonucieotides, will render the molecule
inactive because it relies for its activity on certain key deoxyribonucleotides. In a
corresponding fashion, some ribonucleotides in a ribozyme may be substitnted with
deoxyribonucleotides but replacement of the whole molecule with, for example,

s deoxyribonucleotides, will render the molecule inactive.

[001841 The skifled artisan will appreciate that MNA complexes, including
MNAzymes end inactive MNA complexes comprise either deoxyribonucleotides or
ribonucleotides, or even both. Those MNAzymes and inactive MNA complexes
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inactive MNAs comprising at least one deoxyribonucleotide base, or its analogue, within
at Jeast one of partial catalytic cores of the partzymes comprising the MNAzyme and/or
inactive MNA complexes. Even more preferred are those embodiments where such a

base is required for catalytic activity of an MNAzyme.

[ 00185 ] In certain preferred embodiments at least one component of an MNA complex
may Comprise a regibn of self-complementarity that may under some conditions form a
hairpin structare. In one embo&iment a region of self complementarity may be located in
ons or both of the partzyme sensor arms. In another embodiment the region of self
complementarity may be located in one or both of the partzyme substrate arms. In another
embodiment a region or regions of self complementarity may be present in an assembly

facilitator, an assembly inhibitor or an activity inhibitor component, or any combination

I'nconpati ble with assenbly Physical renoval or addition of

| i gand

r%g&ﬁizy?rpﬁtﬁfeat | Ao OprefdrRAVASY Sh R BE/Sysnek NI ti on

thereof. In other embodiments MNA complexes may bind substrates which contain -

regions of self complementarity.

[00186] The skilled artisan will also appreciate that multipartite DNAzymes have
advantages over multipartite ribozymes, for example with respect to stability and ease of
use. It is also to be appreciated that in certain embodiments, MNAzymes offer advantages
over uni-molecular nucleic acid enzymes, for example DNAzymes, which can only
recognize one substrate, whereas a single MNAzyme (and/or inactive MNA complex) can
recdgnize two molecules, namely an assembly facilitator and a substrate. For example,
these properties of MNAzymes make them adaptable for systems that require the
components to be able to “read” an “input” signal and “write” an “output” signal, for
example in systems employing logic gates. This property of MNAzymes provides the
ability to transduce information, for example, to receive an input signal and respond with

an appropiate output response.

2. Methods for regulating the catalytic activity of MINA complexes and applications for

their use.

[00187] MNA complex assembly and disassembly may be controlled by changing the
microenvironment. Examples of such changes include, but are not limited to, temperature,

divalent cation type and concentration, salt concentration, pH, additives, and the presence



MNAzyme m nus cations e.g. My 2+ Separation of positive cations from

negati ve charged DNA MNA conponents using for exanple, magnetic force [
00199 ] i fobt:soseegard, the presence or absence of anpCFoporiéntsidf the
nmuf ti scomponent nucl ei ¢ acid conpl exe& can .provide either an "activator" or
"on" switch or it may provide an inhibitory "off" switch. [ 00200 ] In sone

embodi ”?”&Sabs%ﬁag PIEHEN B on@felicldeRitl Gy AssShBRI bid6Y 2Rty GNmPicgvé de an
"on" switch. In one enbodinment, new stabilizer "arns can be generated in the

syst em du¥iNdgyaer eacti on, for exanple by cleavage of an activity inhibitor,
or any other MNA WD 2008/ 040095PCT/ A112007/ 001517 49 conponent. In ot her
enbodi ment@®18de ahsenaebicddiiAryat represents arefrow state fwherss dbidlsissemblad m can

provide an "off'! switch. [ 00201 In so enbodi ment t he S e of an
assenbl y ‘?faé’?li“iaﬂht%?e,mq%‘?d LOUBRY ﬁ?szWB{TEea@f , “Can®Bro ea§38£§n%ﬂéw tch.
In sone ebadifBNtsn HREWRSEEITVYY dafirk. ThE 008 Gafle kan danalatadbpy
MNAzyme cl eavage of MNA conpl ex conponents, for exanpl e, by cleavage of

Co npl e,
activity switshisgtior emgemiungtoSEDVigin Hie wees HiridacreRatyie Stthértcsietent s
provided in the reagction.mij e t ASSeR ¥
facilitat scag:ailﬁmparcg‘\g}lhg%f %%)ié@i@z?%yééé?icﬁj%g%ﬁﬁgﬁggapﬁs%g%# be?i?:%ded %VI thin
t he sequeR@ghinknhs cmpemnirods penide théeangs skt yorhpanble wathomtheraassdpebly
recogni zed or "read". i

o mb 1 th t
Toad" aSeREKS b AL M0 SRYNEECd ™t R AP THOCE G PR ARy one. or

mor e ?dl NOLAI D85S exch RaP b 8ljuQEDRILIRRNGH 2iBRLBOSHKIER @Firitedmglraire an

assenbly facilitator, or a conponent thereof, can provide an "off' swtch.

[ 00202 ]rahge. Sligsoneadstidesyevhich epnponenrly refuiNrabEorpPExdsbedl eBayener at ed

by 15 ligatiqn.of co . r At t] Jd 1 I sape

enbodi m::nltﬂgiu esgtr%rgf}gr@%%gm@é%t%%%r ﬁ%tﬁ{}lﬁgélﬁgﬁ g@%@?ﬁuci go?i des t her eby

gener at i NgmaREWsddadrt ZxE a0d NPanEmEntvi off hseabi Ssabiatire andorf oradylafoor
an_assenbl. tator is

cr oat ea’ byU SRR AR oF ol | RTILY oy FHBST HEY Ly g RBPRRFdY o Nl Becenb y
facilifat Qi COBROPERE nidK §disaRigal]) Hat @b&nIFasierRbNt i8fo AMIMNAngoARL ex.
subunits or portions such as the truncated sensor arm or stabiliser arm portion depicted in
Figure 2, the sequences of which can be tailored with respect to the melting temperature,
the sequence composition and complementarity, or lack thereof, with other component
oligonmucleotides. With reference to Figure 2 it would be appreciated by one skilled in the
20 art that the partzyme arm, which is truncated, could be any of the follomg; the partzyme
A sensor arm, the partzyme B sensor arm (as illustrated in Figure 2), the partzyme A

substrate arm or the partzyme B substrate arm, or a combination thereof.

[00189] The sensitivity of an MNAzyme to temperature can be exploited to build
thermo-sensors and rheostats, If the temperature were either too high, or too low, for the
25 assembly (hybridization) of the component oligonucleotides, and/or for catalytic activity,
then the MNAzyme subsirate would not be modified (eg cleaved), If the temperature were
permissive for MNAzyme activity then the substrate would be modified and a signal
would be generated. A rise or fall in temperature from one that is incompatible with
WMNAzyme activity, to another which 1s compétible with MNAzyme activity, would be
a0 detected by a signal generated following substrate modification by the MNAzyme.
MNAzymes can thus provide a device capable of detecting temperature changes. One
skilled in the art would appreciate that the invention of simple devices using MNAzymes



20[ 00203 ] Transition between states of activation (1VLNAzyne) and

i nactivation (inactive MNA) can provide a nmechanismfor creating a

ol ecul arwgwhds@luessvhi ch can be regul ated by alternating-petwseniHe active

and inactive confonnations. Such nol ec%I ar switches may, for exanple, be

applied to the control of nucleic aci é replication cascades, or to the

regul ation of autononous therapeutic, diagnostic and conputati onal

mol ecul ar fgdaper2BesAnsias copld Gp2paligd ixHeanyrindustricsiinsleding, dor praowvile dl
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i nvent i onhemy pheided §veitchibdabaliang MY Arehe kehes dnQntiber flogutes chirbgure 1
depicts an exanple of a basic nethod for assenbling an MNAzyne using an

assenmbPy FHIDS i Farepired/seieths Fatiioagliryy opaping WRIARYRMAY A apagistife facer e
shown in Ejgur . ; 5PC a 5 .Sl ng a
R e R R R i e R LS S
core port negytively theezqdr eseryoe ofmppments siorhl jhef pasithvieliatcbarged hetisandar arm

portions of rt.zyie artz can hyhridize to, and.base pair with
conpl enente}é?'“gpq?mb?%i orﬁ“e%‘lﬁ%ﬂnﬁsg{gﬁ%l Cly §8i%(’|’1%c§f’(§)fb,adfd)rn Xatpreng t or
RNA sequeRg@zynidpand eanhartidong bhélen con@&senbly facilitator in this fashion,
the KNAzyne sel f-assenbles formng a catalytic core which can nodify a
substriat efwhimh i® Lewndnbihbas SMPsiFat@nliBes MMASHAD! Yant he iRieseNCe Of
the MNAzynme is detected through the detection or nmeasurenent of its

cat al yt i cugigg jayiH yithithike s‘@rtg@tt}?ﬁﬂ% ceppasiblef with ectiviys Caseeselil. ed “NffAztatee can
engage a : 0 Jate.showa i n.Figure 1,
t hr ough t%&éip?%] erg%dt {1%{15 gé%tsfi%}g%c%ﬁ% %ltrafg;]st%or %{slfé%uvglﬁ%%@%' {ﬁﬁem%bstrate
arms and tiréhes bbsikedatoecoiickeadingy sfbSTA abmplexesby enigaige diydtolist dfdalsiiebst r at e
arns, the catalytic core, can %r.ormt t he, m)dificationng?g. c| eavage) of the
subst r at e SSWRATCH TENDRR CHRFF (FrHEHER SEAT0dmEr2 BEY Seraaneny ifredt M isyne

i ndirect | ¥nd/dMigadVNOZIE c6RPlcRe al ternatively assenbl ed (switched on) and
di ssenbl ed (switched off) using various nmethods. 15[ 00206 ] Wth reference

to Fi gurerdggddi ti0paker2X ibdinge 38 SIng oniRheRChd e IbM@éEﬁ%ﬁleﬁéses\%ho"m-
The exenplary structure for one MNAzyne is ‘depicted in panel” (1) ere
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wher eas absedansheaks doditns of2@nfpanintd tvhichreas esgabénintd FRYA hagplexes, for
conplenentarity with either partzynme B only (as per Figure 2(i)), .or
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substrate. Figure 9 (left hand structures) illustrates othér designs for
facilitat 682y talbseaiiine ring/pRnjiisss cospatibdoth hybadisstiop) anyl hehceFi gure 2
depicts a Y. [ r . f 1 i §.h

bi “part it SUA PR IR AR e WARRRET ok o LARMR, Aol B o
produces apecit dlipenidiinyeewitkipabMNafconpitixfiy kffgtddeigy obeaiacne) mmphalhst r at e.
In this desj gn,.r@artzyr e B has, a truncated sensor arm (T), which is
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conponent or B{BEL 8¢ HiGiber Ri'DRSY. 8P il hhﬁé@fm%ﬂ%&ﬁ@ﬁ&ﬁ&ﬁ%%

However, when a stabiliser arm conponent hybridises to asse

facil it at orovide ssfopldonedngnllingjtizrssamnbi patdisassemdd e of HEA eampientee thobuligor ar m
of the pa%&tﬁ%%ﬁ%%ésﬁd%&tﬁéws assenbly into an active MNAzyne.

[ 00193 ] Physical menipulation of componenis can be achieved, for example, by
30 exploiting either physical properties of attached moieties as molecular “hooks”, and/or by
expioiting inherent properties of the oligonucleotides, for example, negative charge, or
sequence complementarity. In another embodiment, the attached moiety allows

ohigonucleotides to be selectively captured, for example using a biotin group. In another



WO 20081040095PCT/ AU2007/ 001517 51 [ 00208 ] The active MNAzyne formed by
the assenbly of a partzynme A a partzyne B conponent with a truncated
sensor ar and stabiliser arm conponent in the preseng i ssenbly
facili tat‘%n(}) 2903/8‘1“{’é’%°ents an "on" state. Om ssion, remv&@&%@ﬂ?ﬁ?@ati on of
either the partzynme stabiliser arm confonent, or an assenbly facilitator
conponent, results in catalytically active "off' state. As such, the

MNAZY e ¢ afxitlolifntciit A6 inbidiy c6RBinBe f@l@iﬁa{)&ﬂqsbmagﬁaicpﬁgae@_@i@ o fahgance of
vari ous oligonucl eoti des and/or b,ai the ability of such oligonucleotide
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00209 ] Thg hEBRS ﬁ%ﬁeﬂcb.' st ate ) ke SHOKY enhidbitc RS TRkl MRl At empat e
states for the |IVLNA conpl exes. Tﬁe, active Ivll NAzynme (reaction (i))

r epr esent sanhen MoRY comapiex, alihdestrabitice sc e epftvoiblieyap st a part zyne
stabiliser arm conponent (reaction (ii)), or an assenbly facilitator
conponent [((0&%E} i Ohef istrfplies Samrbict ved, toaremoin 4ot iivibieMgACE @npiceixeier or
representati.ve of ;"off! ates. As a i [Vity can
be regul at”ét&gig%; IP?%C‘%? %%dz 3Sepr<:())?n°§ assgﬁngéely 8% E{é‘%%%r% #@%en%%wgtea}sﬁ/and/ or
by t heabiihictiye OGNS uRphxeg i ckaopi devteidirpine bétsreto tde ofi goamticotides |ay

active, for exanple to be capabl f 20 hybridj zi n% wi th other |,
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reaction conditions, unless acconpani ed by a stabi'liser arm conponent. The
st abi | i serfram ap MN4i téreplas be midplafaaiipprugieotide whish ffuprtioho by Asnthphaiswi t ches
for MNAzyne. agtivity. [ 00210 ] It would be appreciated by one skilled in
the art tHAE TR partzynme arm which 25 is truncated, could be any of the

fol | ow ng; artzyne sgnsqr ar t he 1z B, sensor arm(a

i |1 usttat é))totf% ﬁehbg%f:]i?ﬁéo Rllglﬁ%scio n}eém&raﬁp %Dﬁgﬁ X1 eélsg%os?‘r%ét e arm
[ 00211 ] doapetkiddl @ghct Bwitkle “afft onwahltdidweC Oiithadedtiiat cldidayitseshic@in be used
in strategies for creating nolecul ar, sensors, mpl ecul ar_sw tches, and/or

modul at or h‘%i?sebfeéE&@&?’@P@Seﬁm@ﬁﬁc%ﬁfdﬂwm@IOF31}3@%‘1’? AW fyRlgse el and
other i teraatmgi.pm% @ﬁemé%%%&tmwl@& @ﬁﬁﬁsoafpfp&&%h e dé?nlﬁ‘sﬂsé)ﬁétiv@{o?_ not

limted to, nedical, veterinary, agricultdral, 'Tood technology, 1maging and
bi ot er r or icgmbaippl icempérsnts of eiiBr WAOPIGRATY MOPDOTHDIeI&E17 52 MNAI s
capable of interacting with, but not catalytically nodifying, the

subst r at e.[ 00A%&bnBernbddi mktigon ohe atvite asenibifhifsilitaor depaif mayhenoi ncl ude

a labile ar cl.eavabl e |i.nker, whi ma eparate t or re dopains within
he act | viTSFRR B Car aEh i rt A R B R Rt YR borer 22 &,
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secondar y P aetFrs apspihriaellifly demamdtampan YR Aryaieby JuacEdh hikeet ve
MNAzynme and (i i% an activator assenbly facilitator domain which, if

separ at ed [f4%BAT { héht skillpd edisan oithireroghiag et et Yasioua sethodapenvidednmigreassenbl y

facilitator, coppanent  and, dichaGt hoR-ARSET LA AUARINE MR o

of multiple MNA complexes in a single reaction or assay.

3. Use of the compositions us molecular switches

[001987 Persons skilled in the art will recognize and understand that the present
invention may be equated with a molecular or biological “switch”, the applications of
3 which are herein contemplated. Exemplary examples of mechanism for switching on and

off MNAzyme activity are listed in Table 2 below.,



io [ 00213 ] An active MNAzyrne (Figure 4, right hand side) can be derived

fromthe conponents of the MNA,

i nhi bitor

1o bisect the nolecul e and separate
domai n aﬁﬁégﬁgm?§?3 activator assenbly facilitator do

follow ng nodification of the activity

bi tor

n%?ﬁé&#hg&ﬂg%eased

activator assenbly facilitator domain 4% then able to function as a second
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component nucleic acid complexes can provide either an “activator” or “on” switch or it

may provide an whibitory “off” switch.

In this regard, the presence or absence of any component of the multi-

[ 00200] In some embodiments, the presence or addition of a stabilizer arm can provide

an “on” switch. In one embodiment, new stabilizer arms can be generated in the system

during a reaction, for example by cleavage of an activity inhibitor, or any other MNA



[ 00220 ] In a still further enbodi nent of the invention the MNA conpl ex

| ogic gate 20 may conprise one input and be a | ogical sensor gate, wherein
sai d i npyg aebibMadses the inactive M\IA conpl ex | ogi ¢ gaicaAdvasatysipr ovi di ng
an out put corresponding to | ogical r$gnd in the absence of said input the

i nactive | VINTA conplex | ogic gate remains inactive corresponding to

| ogical off. [ 00221 ] In _an additional enbodinent of the invention the MA
conpl ex | &gpongat én géwﬁﬁ;nb@@lﬁwmséée 951G pradiicanen Be reanavehpE alstablizgat e
wherein elﬁgg%lﬁ£vﬁggp“ Salg inputs activates the MNA conplex |ogic gate,
t her eby provi g an out put correspondlng to |l ogical on and wherein if no

input is he NMNA cQ i Cty orre pondi ng
to a | ogi @gﬁ‘?@?}f H 30616251? ?E) %étg’ rtpﬁefgﬁ%négﬁ n%%stemgﬁz f%c\{ﬁtﬁﬁr?gen{ |a§n t he
KNA conple&nb@ghﬁﬂ@ﬁbe<mnnn3ﬂ&9m@ﬁm59mﬁwm i paths embddibena, hogizeambEX- OR
(Excl usi ve- OR) e _wherein _either but ot bo gﬁgf sai d inputs ac%jvates
the MNA cé%lltétfél’sl%lbé E@a?rémdtbﬁé%WWB?S PHiER G ex gfgyponents, for

2008/ 0400 p einif
o Pt e e R o P P g
gate r erralcnmpwmtst prewided omr thepreactiongntilcna Iho@mfalembbeﬁuneptsomlze%sqenfém t her
one skill in the a ealls tha S

MNAzy es g%ichh%taffaqaflfr%vﬂ%éﬁp& WO TSt ates, Syasn%% én {’ tﬁ%? eggl?llu%/e and .

t ransi t i oRobe kethseRentsh ehet memb@t £sileas b msednebcagnﬁ;édbgt ey’ ént sdohees and
events. These states can also be applied to | ogic qu stens in a simlar
manner Yas SPRAEIDEEEC the) SFBE §T5pT (3222 KA e A85rHT d?f‘LC IREOT LEGUHI ogi ¢

gates in %%Mahﬁ a@&e&fﬁﬁ%emml dxfna&eismme%hgéérﬁ &&r%ﬂféo@%ﬁ@ &e@béeacﬁxanpl e
12. S. Methods u5|ng I Nso e and solid supports io| It is also to
be under stoadnttehtof garassanbly fhdibtaipnt diod Somppresnh dheren] Fiiﬂ?pp or “oiBt, are
applicable_in solution, or conbined with an insol uble support or sol i d
support o "Whi'ch one or nore of substrate, MA conpl ex conponents or

ortion t ttach d Accord east one of zynme
gonponentE%B§£§h5@3¥ﬁ?§M1gﬂm§? ‘Wﬁ*@n?ﬁ%ofgb§%8Pmm SEHBY efﬁﬁﬁ%ﬁ% ryand/or
an actjsvi %%a’z*xdihmf RbinpéneRYbreentdn wm:dreacﬁbﬁ ashedIdormkbentiptibedmeds pAg % AGaind i he

y

features aof such assay systens w || eneral | y under st ood t he Skl |1 ed
artisan prowedety mtlﬁntq#@lwe@mféd%ﬁn@e Y iSERGTEHE B REMIHETIBY CHBPEIH: and t he
wor ki ng e &8 assb 10 Fih, FRBEION! S AOUN/OBR, GORSAGHRRLLIL Led 1O
the literal teachings herein, s capabl e of “being nodified and varied
consi st entasasinbly fahiitaseri qu@tﬁésb}ah@ﬁsn@ﬁ@llmnwhehﬂk’@ethwﬁb‘bgsemmﬁﬂg detbvher ei n

vent | on SENESRASURRG CARePebP ik s o BER s SR KA P iRl g o

of subktr AR DubredoT bt RErCrer aenar B i PR RO TARR R Y

parti cul anyRapeg FERS o riddRaEish Siroddafisy 6 TEJuRE s@iteh GHedtCca Gedogulatpd ural ity
of nucleic acids may be pogsitioned upon the chip by _any suitable nethod
known in tbiealtgipting 1W§%ﬂf}5|B@ﬂvwdzsafﬁ%é%femawasJ ShcthrpkelagsWikdat act
printing one
B R R e A G o R Tl

| east one reglﬁmbnt ofmaytoryenasntherapertic o fiagngstiaraali coynpuiationd| wokedei de2lof t he
sane sequence. The nunber of elenents conprising a chip nmay be any nunber,
and where §"5furality of elenents is positioned on a chip, the el ements may

be spaced at, a unifonu
P %%301 &"he present ?nvent?on provides compositions comprising the components for

self-assembling MNAI complexes that self-assemble in the presence of one or more
MNAzyme assembly facilitator molecules to form MINAI, wherein at least one assenib}y

facilitator molecule comprises an activity inhibitor,

30 [ 00205] The invention may be better understood by reference to the figures. Figure 1
depicts an example of a basic method for assembling an MNAzyme using an assembly

facilitator. More specifically, partzyme A and partzyme B are shown in Figure 1, each



30 vari abl e distance, or a conbination thereof. In sone enbodi nents, the
el enents may be positioned randomy, with the respective |ocation of each
el ement themegelfdsm ned. The size and shape of the el gpgntis Mdyisdepend
upon the particular application of the present WO )

2008/ 040095PCT/ A112007/ 001517 55 invention, and different sized and shaped
el ements may be conbined into a single chip. The surface of the chip nay be
subst ant i &PTYrpRaA &y seonEIR pratien (e snbegats ewhparsiodepddidiaonglyiic core

pr ot uber ances el nt s be.positioned either into the

depr essi oﬁgggp ‘ %?‘8%%%’“‘6?’0 ﬂ%ses?%ﬁ%&cﬁﬂ%ﬁ{f HRERY 281 BREORR) R GV a
reservoir zhdmafizyeed Bt saansybiridize tehiehbisheag! RIERbEpRARIABEERE:s oPrmsuch

pr ot uber ances {m)[( facilitate drying_of the elenments. For exanple, elenents
may be pl &SEAPHN REHEH T ea?male%m|orpRléme.sequﬁm§orr@p@mtan@m ghe t he
chip may i j stentdidd Fndioi 1.9 f ency tags,
i nteg ?gt egﬁh%%l%ﬁ?g%ﬁigﬂ%% as mHééﬂég{emgggpg%%%g%@ggssﬁ%?ﬂ (%t%hcgﬁa?ﬂrlarcl??yngs in
order to Mot ¢ahymedifih aofubsttate ehelreinttemdhy thnischseaiedents) f Prefgabimthe

additional ly or 10,alternatively. co i se the depressions or protuberances
on the suf 1?%%% eoc’f]f @ﬁg@rﬁzgg}? 1&#%5?5%&@8& e d%‘ﬁ&ﬁ’ﬁ}eoﬁ GEATFFTREY Lickn

provi de f eitalg0s medlityor TRNbbki:an a0fis bHleRt iy SakhBIBd MINIWBENE RLP AhgUNi que
identifiers may be read directly by a data capture device or by an opti cal

scanner ofUYfBEECbFXARe Resenorist subtiEde shwtva 18 fament theeeh thy intwctiet Hods 15]
00227 }, Altkb%cboﬁfpfé\fdeﬂ éé&u@xﬁ:@%@ﬁlﬁ %@?ﬂatte %Qﬁléﬂﬁg m{rafg.n %ﬁ‘@é b rEu?sr GrdENert ¢
ich all evel opren

reporter substrate systens, ow rapl d system Y
al | owi ng fsroichgagde sillyrihchbrges ano, br eatiytinewe MiAnymes thatotifaation@g MNA

conpl exes ich recogni.ze different assemhly faciljtators. . di scussed
her ei n, tﬁié\\ﬁ’,%E ‘éalgg)sf)‘rg glgeg S%‘?ﬁﬁna bm%hcéélnﬂj ?Lﬁ’é aF’ﬁ?quCOE(S’F@Ctﬁ@rAaFwyo?f the
par t zyr nesndiaytly. ERBMNUPERABAESEE alilalivah aneRsl-antvidied toﬁf amDdiSRAHG ant |
portion of qne or_nore partzynes required for new assenbly facilitators. A

generic s&%‘é@?%‘é{ﬂ%%é’ﬁﬁ@ﬁ%@%ﬁ"ﬁvi ded and the sane substrate can therefore
be incorporated in systens for various diverse applications. Further, the
sane sfibst PeA08 Ic aitherafemepér diigerei At ¢ddiienareetromdary ndssgrisofs entbadi nent s
herein, ippiading r [ LSvikiage N, ol ution or is
t et hered or attacﬁ'gesdﬁl t?}%(}§l a@gﬁg%‘%‘@%ﬁ&g@ﬁeg‘é‘e%e ge% |81§§epléé%dol§‘t9a8?}‘es can
be used i i) avherd miufiipéx assemblyi Grwiladtbovermgpnentmird anpovs fdet@adation odfannul tipl e

assenbl y ilitators. .[ .00228 bstrates whi ch have been cl eaved can be
reconstit 205! lﬁél?ﬁggsll%%%ﬁa @%m{?@?ﬁ@m algRpiRaReRt ( Lkl complenispiery 9t es used

in the metms c30hé 082 Irhs AS WIS EEARBE hNandORE wileledd la £85:RWassMnb

conpl exes _such as MNAzynes and inactive MNA conpl exes have an advant ageous
properly fa5iiéden smppsBloti et somplemenivgtvapite stdoupitdvme B enly Ver perl  or
generic sghsid atg. sybshy atg, | h ' | '

2008/ 04009! U/@&Rﬁz%lo%io&@gﬂ o pﬁggetﬁ?lsdy%p(@é# ga?crﬁggtgfcg%%‘?%ﬂl}?gtﬁo A tther ei n
t he subst fiatcé theomprnlse of botdetive Y&{Aotabiviichont mudifan(dg alequnchdstperti on.

The quencher_ pprti.an i.s, adapted, to dininish or elinmnate a detectable

si gnal frglt%u{ehg (%gﬁ]é&g? a?gF‘gm%S)r ﬁ}iuﬁquit%‘f %‘ﬁe‘f‘?@ﬂ% f?ra{agl]hfﬁii?rﬁ (for; precabstr ate i s
cl eaved bymnapyMNAzyne. For exanple, the quencher portion nmay conprise

"Bl ack Hol e Quencher 1" (BHQL) or "Black Hole Quencher 2" (BHQ®).

25 [00207] Panel (ii) of Figure 2 depicts an exemplary design where the assembly of
partzyme A with a bi-partite partzyme B component in the presence of assembly
facilitator produces an active MNAzyme capable of modifying (eg cleaving) a substrats.
In this design, parizyme B has a truncated sensor arm (T), which is insufficient to allow
stable MNAzyme assembly in the absence of a second component, referred to herein as a

30 stabiliser arm component (S). However, when & stabiliser arm component hybridises to
.the assembly facilitator in a 1ocaﬁ0n adjacent to that where the truncated sensor arm of

the partzyme binds, this allows assembly into an active MNAzyme.



[ 00230 ] Thus, the MNAzyne cl eaves the substrate between the detectable
portion and the quencher portion allowing the two portions to separate in
sol uti ongd haeehyvel | oW ng the detectabl e signal to appealyRbrddérease as
t he quen'(%er portion is distanced froomjr or effectively renoved fromthe

| ocal environnment of the detectable p It i on. i o[ 00231] The use of the
generic or universal substrate is enabled through the design of the

MNAzyne' s [d8afohelihe pive MMMeamaBpmaddt e thagssembly afa@ageisoA, apazyofe R he
partzynes, but by leaving the substrat 8 unchan a.large variety of
sy s SAaPREL T2 TRAED ot Bt dtiit: PF CQ0RR s RS pEa Pl ot
assenbl y faacisbdniiay gisligRn rdpeesaes agreq” ahile. Ohnivdig Rertbial oz endifivativeos al
substrate to produce an output signal. The 15 skilled artisan wll

appr eci at élthfiethsRARYRE tbIET 20hCempPEeEh OFj 4 EPMRIYORCRIN FYFPHETS he need
for custoni . | S S W QyRaER A ;

Det ect ?onq%%ﬂggg%atﬂgﬁwﬁg S‘Z[Hn% %ff?gtg%l %&'%)g%cg’r i'{?lrgeﬁ\'c(iﬁl res@gnfaﬁl&/’H %%‘gl@%r@rﬁo%
changes i nepimedby Hmreessficet drebssans of vaaions pbgdriuclastides hed/subyg theabditpom

portion and .the cat.alytic core portion can,remain constant., Thus,, a.single
P opor tor - SOt herac Gaeisgmhlidita Pt iR SE8Tar RPN 19 bt Pt 50

ot her i npehEHSRE vHe dtBer Ml cOMNAlEDEPIHonSHED BFm RLMVARYEFBme 3BekpIed | pl e
assenbly facilitators in a series of sf%(s,tems using altered M NA caonpl exes

such as MUkeyssated agp s dpfigapdde heeprtiapntsigpaions flakle Y INGrmmastpilexed
moni torin |.L] : I 3(0%? W gl S em [
00232 )]0 FSJP'? retlri{%gI r%df?{el&g&ﬁc{ﬁ}dgté e‘gﬂén%yagi n oarﬁ!pégr te )aég%lﬁ?r%a?&n nt ?Itltl’ 5ggésuch as
| abel | ed 2&biiisel @ivccoagiotst, amd tivpasdndy &silitatbr coptns funblee, asgioot ewiehes

anti bodi e . DNA,_.nucl ei c acid anal ogues, biotin group, glycoproteins,

| i popr ot e%ﬁ%ﬁ%@é’meﬁgﬁﬂ ¢leic acids, |ocked nucleic acids, peptide-nucleic

aci d chi ner ety for radio-frequency magnetic field, or an

combi nat i AOERLF eBhe pachemssdugiisd, & TiEpise® Gaorat o RFOle I I y me
t her eby pngniadigaghiskes.date ah@ReNIQyRE f(RedHonAN)) TaI#ERHE thé I'@Fadtate] ThdshIe
detection process, the substrate nodification by an MNAzyme may invol ve,
f or ex@nplreactienscalicrgaithar pgayvei, stabdspharrommcarit Scpdivn (Hhdor ai 4seaitn of
car bon- cardan n r S i de:.hand caongad

substrate f%ﬁa%?cg%%ﬁé&e/ %GH&P%EI\(&Q%/?&%] glgﬂ gi e%%a%%gﬁveeffect |uc§ g%%% at ed
and the \Wr2eH6iti040098PGCTAU200T0 bV Ay meaghltedetiofy ¢dncbeatfidated may

therefore be. indicative of the. quantit.y of,the input .signal...The detectable
oot oo derenint Beatey i TR sltorliibites PRI I 8 S e o
spect r oscofgomiolias @ oPbasiBUior BS FRAAEIyNBESe,S RR CRSEORY be NMbi€bect ron
spin resonance, polarization fluorescence spectrosco circular dichroism

i mrunods s Ay PridRPenats itk RELoREMoE AR CPIEPORET Bhderay ,S%@i WY 4ypvagssy The

el ectroni - : oV i LihDf § ymatic
et hods. or ™Ay L b AR R PR B BN SRR LR e e
enzynat i ¢ raetibodsndiiomn ynesniicompinost bherseabihiser 002 3dmpoiBet ltal sigrbsgps have
reported detectjion of nucleic acid.targets, .and, other | ytes wi.t h

col our | metrPe KR BRTRo Y S GHARD S DPOUTE e “Yeeritcry i NGRS HRE 24885, and Li u
10 and Lu, 4). _The rat egy .invol ves. preparation of batches of. gold
nanopart i éloégfo iagﬁ""&ﬂst\mﬂ?ﬁe#@@rxﬁ’_ Qﬂaﬂs‘ﬁnﬁ@t" %ﬁ&l‘t&}??fé%wzmia&aﬂg ence
attachgd 4@ uhhuRUEs a8 e PbiRAGNIELS ShE BiARRNA REnsBHBMEARd BattRctmE

addi tion of a "bridging oligonucleotide", which has conplenentarity with
the sequerfeesst aiyafasaiustraedaBrodatsome heuksbrig apaet fhelpedzynmab siisatesggr egat i on
results in a concomtant change in colour fromred to blue (Mrkin et al,
15 1996) . [IMEILSi Ome ofkilked DNAthy rest Siobkht resegniscetpab AEE AR nait e used dgi ng

ol i gonucl eotj de can provide.a mechanism for .reversi ng the agaregatign of
Che ool o FaprEer a8 e i R uBaS TR BrvaT PSSR S SRR on
DNAzyme byprifgaidediof | rocakivtie adif-reailiaesk cheavadendiotidaeiidstwgbrgesses.

ol i gonucl eoti1 de, dissociation of the C30I d particles and a change_in col our

from bue Rasentiaharesopt psomsiuge, duipreencl dinstador s MedicalnB R N EREHERs coul d
be devel opgds fé@l@nﬂﬂogty{‘irﬁa(gg{gi)a?ﬁibfblte@ro’i’i@ﬂiagg‘ﬁ%@hs?o”pl ex, such as an MNAzyne.

Changes in tenperature er entit or events could activate MNA
conpl ex(es)anb ouFy, MMAZ : i,C : rl.dai

ol i gonucl goqergfjei &k‘;"glﬁhm ng l?c}ggtg?}%%gér 2?mhgﬁc%g%%%ﬁebg%ggﬁ%ﬁdAawgh%nge in
col our. complex with an assembly facilitator and an activity inhibitor (left hand panel). The



25 8. Optim zation of the nethods [ 00236 | The skilled artisan will readily
understand that the nethods described herein may be optim zed using a

vari ety rimental paraneters. The particul ar experinental paraneters
that ar eq&SEW%@&? and the | evel of such optinizati onPCUAPIOH®BEAd upon
the particular nethod being enpl oyed asid/ or the particular event to be
detected. Such 30 paraneters include, but are not limted to, tine,

t enper at UNENAE eNESAbealf igRrRting @it budRl RREABALSLy £RLIAAS APduthe! of eagent s
i ncl udi ng but not%lrai mted to di net hyl sul fox%ie (yDI\/SO)?H%nd Igngtﬁ,

conpl enentsaiF Epbodmepntbe netivhdnhibiter mey fohertingidy a bbilnoctleivebladinks, - The

t enper at urg.: I er f or.nmed e .ln the range of
VO 2008 104@8%%%%?%3%00%%9@@%%@%& %&Gﬁgtya‘&ﬁg’%ég&?h AT BHC t o
about 75Cn@0QE, tfor akmipleSOT a1 sabhdtt indibibo debaul VBEG isThebdamaey alur e may
be const ant Of ma%/ be Fcl cl ed between one tenperature which is conpatible

wi th assefBTH7828a1% é@@zg@pic\?mne&fts W VRN A TH BT e ppieetaltiur e
which | s iaGamRAt el &cidaly CRhahi! kel I Whmatibn 4023 TedaAdldi TaRA |y or
alternatively, a variation in a paraneter, an for” the™ m croen ronnent, may
be used t @ INHEYiohanchel) MNACE oGP assenfbiofrciitetérinotain which, Arcmetitd/Bomtiat e.

Thus, a p etear | 1. Groenyvi ranment nmay. conpri.se an "activator" as
ner el n_dori Aag- PRyl SUEPTOH FRRRR e PR B L S Setra e

t enper at unie; asvenvidy efngi detive MIERItat i on of salts, detergents, cations, and
concentration of structural and 10 nodul ator conponents which include but
are not | ifmoREd tanassenVAFA6d (Fibat of Sighl hawsamd)| sl GC hbdveal®m the
conponents, partzynes or partzyme conponents, substrates, assenbly

i nhi bi t or $OmER; ¢lythe dNgiLt B winggmadifiraiannt BF iagvitic ddticdsudoaptment s.
Accor di ngl ! i @f#uﬁfﬁﬁ 1.Cl I may be
undert akeﬁysfﬁ%g%glg%g%fg%gﬁ%%%ge Slféee of t éﬁm&ggﬁ%?h&&g a%%ﬂ%éélag%ﬁﬁg}r

swi t ches. fugljtaio02488ain. (The onleaged efctivatadassnitdgi faeihitajor ofoniain e theh et toons f or
practicing_the nmethods of usi MNA conpl exes are,provided herein, In such
Opti m zed PSSR (g RS oary PRSP Bn AL SR Eta BRI Fy oGy BB fherased by
up to 130, a@QmbBradBialér 2bOYEnenn @R HifdcZ 86 adsBRBEy (FIPartz M &nﬁfeﬁ&ﬁé’ hredgipeaction
conditions may inpprove catalytic activity by at |east 35% or 40% and

pr ef er abl yi¢i 2 £5vs AN Oy RR Fwable Rf satplyticalp pediSyias e spsiraenbodi ment s,

optim zed 20 reactions nay have an increase in activation of catal ytic
activity ofUHdgrle @ﬂh&h@@wﬁl&fhﬁﬁlmﬁe&%{ma@%@m’@ﬁmﬁﬁw@ 91n yet nore
preferred enbodinents, a fully optim zed reacti on nethod may offer 100, 200
or even 3000816r] nbeeMMtir ek dei ertdpicelianitby MINAzatml sppieserd v vilteynateOt her

even 300%’cr] b _ s lihlicaral ypreocivh vl
Betivity Byrant oPonou aed nrBRboll AR T PR BB B TREDEMR 2ea 2

react ion capehitivelgns. A highly preferred reaction condition for optim zing
the nmethods provided herein is the inclusion of certain divalent cations.
The catal yt i cUsesfiité botngdsirionstas ged ity aci d enzynes may be influenced in a
concentration-dependent fashion by the concentration of divalent cations.
Preferred] opilicni z@gk &R ih QRS alfBou8-cQRhis A the NAN AORRYNEx HRE Befibdda2+,
Sr24, Mg2+, Ca2, N2+, Co2+, M2+, Zn2+, and Pb2+. 30 9. Methods using

apt amers [ereB2B8Y e Widhay aiegicsele 10 Migksriecipde asspublsddcatalytidalin eotivt ed

wher eby a td l:] : t i tan. Coff! .the
activity g/%}@ %hdg %E)e?gs-’ ﬁh%%rzﬂg%ggp%ﬁglﬁ%ﬁgdﬁﬁ&$&egnora Eaél pi/z}?nr?ﬁ i%:a:teor to

bl ock 2act pudstnge off tpir cechiAey iigsnd. n “ORE adise inciudef catalytimally \isdetive MNA

complexes including but not limited to fully or partially disassembled MNA complexes,

apta-MNA complexes where the activator ligand is not present, and MNAis. Accordingly
in one aspect of the invention, an MNA complex logic gate is provided comprising at
least one inactive MNA complex, at least one input and at least one output, wherein the
30 presence of said input activates said inactive MNA complex logic gate and wherein sajd
activation provides said output. The gate is capable of at least two different output states,

wherein said states depend on the activation of said inactive MINA complex logic gate.



WO 2008/ 040095PCT/ AU2007/ 001517 59 is illustrated. These nethods use
aptaners which may conprise a nucleic acid or protein, polypeptide, or
pepti de ¢o epEbicati on thereof that has the ability teoeoogmmeione or
nore |igands. Aptaners may bind, for anpl e, proteins, polypeptides,

pepti des or nucleic acids, glycoprotei'ns, lipids, |lipoproteins, cells,
viruses, bacteria, archaea, f i, antjibodjes, abolites, path ns,
t oxi ns, cBﬂ@@ﬁi]na{ﬁ@@%?%ﬁ%&gﬁﬁeﬁe@t BREAITP L3 APl b sl ?ﬁggm yNers,

metal ion | 2Pl LORSQLh RN reermMatdny@ey sPakdHvenad ar d
conbi nat i tE)wrflos tﬁ%’r eof, Egsﬁ Da ;1 ot ﬁer enti Q{Y (Leeﬂ\élfl afs. , 2004). [56‘6051240 ]

Pr ef er r edoatptiastae svhieiresanl MAVA compiexde agivated. Bienfybleowpu state avitiAn 8 RNA

ol i goners t can be isol.ated fromc | ex .1 L brar.i f n .G.nucleic
oci ooy MOR ol Bl aF P PhEL st SPORRR b ik, Sk e, Rp o Ry dfie !
reanpl i fi ¢abicansaidRhaemspRRYs bhRaelioiechengenes digedl agahnshataklypgi any
target, ran irﬂr;)%’from srral? nol ecul es such as am no acids or antibiotics, to

protein aftF b Stetmanay QUTeERAngr s 2 loEcH aF vt dip BSBBYI T St e ner s

i ncl ude, . g&ﬁgl ;Q4gkei ¢ aci d binding nol ecul es which are preferably
gener at edr: yesgvo utaiq%% and sel ection techni ques. Preferably, aptaners nay

conpri se r .aat | A kg but
ot 11 m t AP, i R Bt e SRR AR, R DESRIVATIHEIAY Thove.
[ 00241 ] idQiegst ehal @d dbtactedidy any omd b argppmbmeadnecft tharestdree apicimsoppay be

incorporated into either end of the a'i%enbl yr@ﬁgi I ilt tor nolecule or
mol ecuf esSWEGE BIESPAR IR y1Rhi BPELFOPEY r TR PP e "EBPTEE at ed

that an aEél%HEe[ﬁoﬁr Mabiekdh6e apROBERoSOU! dirhiar20 didhesiERQr alngfhuidatay,one or
nore of the partzynme oligonucl eotide conponents. Still further it will be

appr eci at earortataeraphy.apdismetricopetheds; lsrteontpmethedss UVo visthla bl Bdnitqesdr por at ed

into at | me ol i gonucl eoti de conponents. The assenbly
facilitat g&%ﬂ%ﬁ%%ﬁ%@ég‘?ﬁ&% | ustrated in Figure 7 may conprise, for

exanpl e, LNA, - P [+ & e il cl eoti de
base anal uelgﬁ%[aw nbc‘)tadﬁ%&gt& ?a e]ag&ghg’vﬁé @%q@{h%ﬁ%@%%& gépt aner
sequenge Ryl GRORO MR éthuad ahdide entbgnfa] ANDaRtiz ywierdiapha MiSAt aymBdx isn a
configurati on where an. active MNAzyne is.only f.olined.n.the esence of
the acti vaEbatedy ﬂ@@?ﬁ@?ﬁ“&%@?loﬁf@ﬂ §%‘T?§8°r%s§1§’§&8ﬁ?%?aéd’%?‘ﬂé'r}gg@kqulg{ in the
art that QRen@in iRl S: ARIATER MG OBE HMGOMPATAIRGr ke BEhcODS inbat

ol i gonucl eoti de "conponents, including the 30partzyines, the assenbly

facilitat & MNA treatrsmeias éaci, corerpeEcdpe e8ul d be incorporated

into either end of any one of these ol itgonucl e, otides. .
[00220]  In a still further embodiment of the invention the MNA complex logic gate

20 may comprise one input and be a logical sensor gate, wherein said input activates the
inactive MNA complex logic gate thereby providing an output corresponding to logical
on and in the absence of said input the inactive MNA complex logic gate remains inactive

corresponding to logical off

[00221] In an additional embodiment of the invention the MNA complex logic gate
25 may comprise two inputs and be a logical OR gate wherein either or both of said mputs
 activates the MNA complex logic gate, thereby providing an output corresponding to
Togical on and whersin if no input is present the MNA complex logic gate remains

inactive, corresponding to a logical off.

[00222] In a further embodiment of the invention the MNA complex logic gate may
30 comprise two inputs and be a logical EX-OR {Exclusive-OR) gate wherein either but not
both of said inpuis activates the MNA complex logic gate, thereby providing an output



WO 20081040095PCT/ AU20071001517 60 [ 00244 3 The strategy illustrated in
Figure 7 can be used either (i) to provide a nethod to control MNA conpl ex

activit i | i gands as activator nolecules, and/or (ii) to provide a

met hod ?ﬁaa@?@%‘]{"%n of non-nucleic acid, and nucleic é&ﬁf‘ﬂU%ﬁﬁ?@é%lg usi ng

apt aMNA conpl exes which form MNAzynes when contacted with a | i gand

activator. The 5nucleic acid oligonucleotides required for this

apt a- MNAz yeeregmditg 'toﬂngssa;a@amgywmeihu'ﬂmh j infit ispﬁmbgif@aﬁtizﬂﬁfﬁg pfb)s%r@none of
- ich js.a.partzynme with an aptarner incorporated into

?Ito tsaeﬁg;f Z%gw‘lcompieé)b%ggﬁ% Sﬁ“%“&?:’?IGP]tTg%PBFd%WcﬂHOE@alé}ﬁf ol i gonucl eot i de

whi ch bi nds,. o] he toapta-partzyme and the partzyne enabling assembly

of | an acti 6%&2%%?@?1&0‘3“&1{%%(%%’5@ o3 Y58 Tpelise; thad isasembly adsmadsily ::ﬁhl EI t or

ol i gonucl eptNdemiehi i g t a- t a region. .whic

spags at | east “par tcg?)fé%‘%[e}‘ g%@?re%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%%%&@ &%tﬁémg P4t e

bi ndi ng® arpaieent the tapstatep aart by medeetgd énoeny Eafiti@024 Tvintd. NThhe sakserse of an

i i |l eft,_han anel )., the.assenbly inhibitaor_ oligonucleotide
binds to (AR gl‘L‘(ﬁo igg)f B8 e“?f)d & EW“PW%HW predtedBow nding of the
eoorter subatt par';] t i nactive MNA conpl ex When

orter s te. This,structure represents an jnacti ) cor
;ﬁpact i vat'or “?{{ gaﬁ’&l fi'xémBJ'ee%{etﬁ% us(erqefd?ﬁlgﬁétﬁ%mp%ﬁ‘@h addey i epmiplfieddn fhgirapt ar ner
sequence of2 dnlllcapibaPal K:ZMPh 101 ocki ng the binding of the assenbly
i nhi bitor oligonucleotide, and thus 20 allow ng binding of the substrate

and foiruation of a catalytically active MNAzyme which then, in this
scenari o, }cl e d@lodsquing ingnivide end mdidsypporescat al ytical |y active MVAzynes can

formand qajmses f| nas e86 &nbe ﬂ&ﬁ%d%ﬁ%@%ﬂ&hi@ Ae¥hokl vild eﬁfuﬁ%ﬁ?eg(?d of

activators that can bind aptaners. _ ~I'n"song enbodr me _
modul at i orobfaravapigrhe dctolitionyercambbed adfi eviesblui2Esuppomgr &iidheppdat sricl ei ¢

id - ' i ctivator ligand as a switch nechanismln
ot her enbonme Rt PR T Lai B v b oot Bl oUPATEY by ot her
means so agathedmadetréinglyaat iewittone JFQfarexaERbepodch®, ASSEMRlY o RNBiier coul d

be renoved. b everal strategies including sel ective thernal denaturation
or met hodc}?%gtﬁ%&s%ssﬁﬁﬂﬁdﬂ@%}t@oﬁ%sm actvgpahibitpiomayibgdiongd.asithtlerd that use

br anch:sc habtherBd 9@hinORe £ 300 SRLRGGa) SAMRNKS! be ggaerally understood by the

2008/ 040095PCT/ MLZ2007/ 001517 61 o ' o
skilled artisan provided with the methods and variations exemplified herein and the
working examples. Thus, the invention is not to be considered limited to the literal
teachings herein, but is capable of being modified and varied consistent with the

principles and scope of the teachings provided herein and the knowledge in the art.

20 [00226] Embodiments of the present invention encompassing an insoluble support in
the form of a “chip”, otherwise known as an array or microarray, typically comprise a
plurality of substrates coupled, tethered or otherwise attached to the chip. In particular
embodiments, the substrates comprise a nucieic acid. A plurality of nucleic acids may be
positioned upon the chip by any suitable method known in the art, for example, by

25 pipette, ink-jet printing, contact printing or photoiithography. The chip may be comprised
of at least one element, with each element comprising at least one nucleic acid. The at
least one element may be comprised of a plurality of nucleic acids of the same sequence.
The number of elements comprising a chip may be any number, and where 2 plurality of
clements is positioned on a chip, the elements may be spaced apart at a uniform or a

50  variable distance, or a combination thereof. In some embodiments, the elements may be
positioned randomly, with the respective location of each element then determined. The

size and shape of the elements will depend upon the particular application of the present



10. Met hods usi ng cascades [ 00247 ] Persons skilled in the art wll
appreci ate that the nethods descri bed herein may be used to perfoini a

cascade g, %!r(}rt]svéjefi ned. Particular enbodi nents of pgHf ok NgiSHch
met hods as di scl osed herein include, but are not limted to (1) activation
5 of an inactive MNA conplex to format MNAzyne to nodify a substrate only
in the presence of a target or event, wherein said substrate is then nade
avai | abl e ifwntibm el \deffeat sizad and dopad ckwents sayche @sibgedanatd singlefchi.

det ectabl e signal, ar. (2). activyation of an inactive N NA._. | ex .to form an
MNAZyne t o %%ﬁr‘fa&}e Qfstﬁéﬁguipa?@l’ E’ﬁl %’1??@?%@ Bﬂa’éaéfe?ﬁ:‘\éa%:‘ﬂa&e_’ tﬂé"(r%g‘g? Sﬁ"rh &ent ,
wher ei n Sf&'e?re%f tBLa:??otﬁb%rénB%[‘ ARG caVRInkAD Baf Bk pRitioRNDHBER Rt i the @

second event, erein performance of said second event in turn npkes

avai | abl e depfesmieserr snibsha atodibbrnCesn\Fokl dapresions BHY PIRUIMSet TSR VelibiSEquent

events, such.that .a subsequ vent. ' ‘3

invoIvéneﬁ?ﬂgﬂﬂﬁH%pBﬁwgﬁﬁﬁﬁﬁggmgfggﬁnggggﬁéﬁyg%%ﬁgﬁﬁ%ﬂg$%g§£%$%§§%%% a

cyclic casgpide of Bchedsidl@pi etagehlé, reldrhaity @ap be blaget @ cbth arll dFiagiér well 1

(iii), wherein such cyclic cascades may _be enpl oyed.to anplify.a sjgnal, 15

for exanplRbtein SEBpFRBEYTEHS HrioHTAR HHERrIEPe e Ao e G bR L y. 1 or

exanpl e i oSd YafdOdes Ok B8EMS&iizevi de for
B B P T 7 ST

a out put le. [ . ne nechani smfor generating
an MNAzynmerdeplo ctiifyneachsdatie desengnedhd aniquarigetifigiaigy eaddétoneidy 6h uses

the SCUD cascade,strate The D str o 1Nco a into
cascadds TR e%?pg%yg’gs%? ﬁe?&caglsls ;%%ngétﬁg% ecgg,] Dgith gvxggff%%% éﬁgiﬁpitﬂg&i n

Fi gure 6, mi@eendryyahdNulifueciosmifiesasnareviiafo cposcatehiation oFidmtificatidn ofher e
three NINA conpl exes are, incorporated; and in Figure 1 ere bofh IMNA
conpl exes BAGTH. BREARYAY 1¢H§?§P’§% be Fet Gy &9 5 ‘#J?faaca@é’éﬁ gecs 8%1%%’ fBn. |
00249 ] Thes D, hEt rglies on the ability to control the assenbly of
active ZS%F%ynes (gfn teM\I%A\i from conmponent ol i gonucl.eoti des present in the

mx. One format of SCUD is depicted in Fi %ure 6. This SCUD exanpl e
descri bes @ gdtwppaer swbstiveelsysisrs giseshizd themgtorls cat i on. [ 00250 ] One
embodi rent € ATg! RO (R GRa: (ReRRASUSERS: er @S
il ustggt 9[&9{2%'9 5F]i é@eﬁggd%o%%@ﬂga?ﬁgwggl I o%gng conponent E:l 3(3(i an
activity isuhithitd @ystémsyovhicts alidve rdpidl systpe dbwdppRER: by ailowing facile design

(Reporter-|Lnhibitor-Facili r) .as_depicted,ig;Figur ) taining three
ol ons. . EER0R) GatISPCH RSB, BB o YA fieD AN BlohS
i nhi bi t or/ gigpent Skl )mdRERED Woi diftubag Hefttn, dhkabubbuine tironeriidn 4rdr Gt y

being an activity inhibitor when incorporated into RIP and secondl
provi di ng ElYHROIES BEHEN 8 BARPTIRRH IREPEPRUL IeAReEd: Wifychanges onty to the

20 sensor arm portion of one or more partzymes required for new assembly facilitators. A
generic substrate sequence is provided and the same subsirate can therefore be
incorporated in systems for various diverse applications. Further, the same substrate can
be incorporated into the methods in various embodiments herein, including assays where
the substrate is free in solution or is tethered or attached to a support. A series of generic

35 substrates can be used in a multiplex reaction allowing simultaneous detection of multiple

assembly facilitators.

[ 00228 ] Substrates which have been cleaved can be reconstituted and hence recycled

using a DNAzyme ligase.

7. Substrates used in the methods
30 [00229] As described in more detail below, MNA complexes such as MNAzymes and

inactive MNA. complexes have an advantageous property in certain embodiments of being

able to utilize a universal or generic substrate. Such a substrate is shown in Figure 1ina



b. an activator assenbly facilitator conponent F2b which forns an essenti al
conponent of MNAzyne 2a, c. a substrate domain | ocated between the RI and
F2b domakngseeideeds may be cl eaved by either MNAzyne | gcaisiAzygs2a, (i)
an assenbly facilitator conponent F2a (iii) partzynmes capable of formng
active MNAzyne |la structures only in tfte presence of io assenbly
facilitator F1l, which by way of exanple may be a target nucleic acid
present i preseithysprefaredl eonfighration tvtherein/Nide \srbstiate bahpreses dptibk edetdfctableeavi ng
RIP into R.__.and F2b conponents,t hus generat | flLuorescence e ing the
WNAzyme. adPTORey FARTBIEaRy et e At Eoh i CRREREEr DBRRL

act i vat or sa&semdley sibadi fridh aho eeanploniionrab the hibviyatpantizhaeshaapahl e of
form ng active MNAzyne 2a conpl exef only when the partzyroe arns_bind
assenbl y flayad I{Ya%nd\ﬂ%ﬁfﬁéﬂgﬁ‘i CXpR eaﬁ]eél’:%‘?tﬂhe{ RPTERREMEY prapnse JBREF PPk or

assenbl,y hddat et @ WNAgyEB) 2@ in turn could cleave
nor e RISP I'%iérﬂae% ?n?Hn%%H?ngﬁg% %g%ue;ﬁ%sr crea’??ig a cascade of MNAzyne 2a
sel f-repli i-ON _ ] j I i fh catd: [ 00251
Toin tho LoTar B BeRTREL ARk ek B a0 el FRRR TR A, Do e
aci d, 20 theequpather poroafabowMdAly tver Ratismulodschatte,ift salntiom detdbyelloainy ex,

MNAI 21, with intact. RIP. Intact, RRF functions, as an activity inhibitor in
the. f or it CTPUTRLRNGAER S AL fronHEBEdABe BROCT quriaa S PR et g Miazy e
l'a woul d &gedivelytSofdde@omh 0 IRaPanidninkbRerald dechbledttiosat or assenbly

facilitator conponent F2b which would then be free to associate and becone

a conpgnenhofii ANTRCkLVE YiBordtivartal 66 sYNBZY BBL2A 15:88:n2RE HEGHLS: Cl eave

more RIP, this would initiate the replication/signal anplification cascade.
[ 00252 ] tiEaddNALymee sancoppargiiep2Eyebs abe salteriRg Porip | the iersor npme @ogonent s

(activator_FE S |y f.acili S).requir for f i ol _he
MNAzymes ? gt\g}%ﬁ%’dﬁ%% glé%Vé}?%tlang&%ée %W?%ﬁ%m%g% caglér e%ﬁ%&t@% eggassenbl y
of M\IAZyﬁEnﬁaaﬁiﬁlmeeh ﬁmﬁﬂﬂﬂies apeificfentichalf atphg@]g@ af assemblyMbAApIeRs lbemi ng
conponent i.ch are e. products 30 generated by KNAzyne 2a, catalytic
activity. Badesg Al ﬂéWbacgala ¢ %fmﬁréglmﬁ%%weéwg@ b iene. o % to

di rect,st heyigss alhy wal afBMi4P ¥Rl indhRIAZYIBLIRIeGUL, 881l D r Blis@laling @RI 1 Cati ng
system which is autocatalytic. WO 2008/ 040095PCT/ AU2007/001517 ©3 é 00253
] The st r aerdufossusiemized iveanigue eibsiraing tordseendnisl ek impnt st chetscleamof or m
conponent f i i.ng.self; repli ' S ] Wth
refer ence% 021 ?95‘855521%?% ga@ﬁ%ﬁqar%a%%g%% Ongyorglgér% E??%%%%ﬁ%%%%)@ﬁ%}i ch
functi ons stmsot hen petient: iflonsubftrae frar petipn find fexanpite doye patier eatfenginM t h t he

target. In 5 this way,.the target acts an assenbly facilitator and

D1 S5 i o5 PR a Ltk SBCT R F G TG RO Ao SRIGHS Y et g
MNAZyng. BiHes irlpt &veatf hddsh M\m{‘{ﬂﬂ&xﬁﬁl\&x,isﬁdﬁzw PINKD mBEBaha 1Y adsest rat e.
The nodification nmay be,” for exanple, cleavage. In this case the

modi fi cat ifesilitplessuntasselips efresiganaring pberedMbdA cpmplexessyelnt MNAgaiiest 4t or for

t he formation:.of | I M\I@éﬁ 1 LNl gur 'Im?
cascadi ng H}%hst mﬁg%@%ﬁgnﬁﬁ% no |P§legéwa§$dqn¥tf’%r%ﬁﬂsﬁb%@eate 0
gener at e aomplgestdndNaNAagaandziiyn becdykfetrat or to direct the formation of an
addi ti onal NLNAzynme (Mc2 in Figure 10). The additional MNAzynme may then

nmodi fy the¢ob2ast Bulist,r @t eubragehesyaineohuftd eddifidunb bntaiks et ¥s {adeildd t ators
for the cascading first MNAzyng, and.thus feedback_ .intQ an_earlier, K stage of
the ca&cadbClfs Félie PARWPEICIE, BHHP BT PHERRS T780HES drbhy Paei Muckelt or s may

be activabgy A3ReHRY Yiotin group, glycoproteins, lipoproteins, peptide nucleic acids, locked

nucleic acids, peptide-nucleic acid chimeras, moiety for radio-frequency magnetic field,

or any combination thereof.

[00233] Substrates can be modified by an MNAzyme thereby providing a “detectable
e effect” or “output” signal. In the detection process, the substrate modification by an
MNAzyme may imvolve, for example, cleavage, ligation, porphyrin metallation, and
formation of carbon-~carbon bonds, ester bonds or amide bonds. As a consequence of

substrate modification by an MNAzyme, a detectable effect is generated and the



15facilitators. [ 00255 ] One skilled in the art would recognise that in
this cascade the first substrate, in its uncleaved state may act as an
activity ~ of the cascading first MNAzynme. Th i cadi ng
first I\/NX;@%B 4389 in fact, an MNAI until such tine asebicgl/e‘&sqzlwr}?to%gzbstrate
is cleaved by the |n|t|at|_ng MNAur ne t3d generate an first activator
assenbly facilitator 20 which then functions to switch the cascading first
MNAI - f r omrkdp@itidefl df the bk rhay thbefaabaliydicatiab lof tiecquantty afithe stpat eigodl. t he

ding first 00256 ] .Simlarl killed in the art I d
¢ ecoani o6 TRAFiecHEe Py Fahde GBET PSR L RHeRe U 2 Qe et as
an actl vi ts¥edh%§ﬂogﬂft QaErfana %ﬁn&ﬁ%goh%@ ni\@é\“sﬁé&f@cop?hms ddigordgid i onal

WMNAzyme i s until such time as the addltlonal substrate
25i s cl eawesninyget pelanmoadﬂmgesrcﬁrrogt SPIAEYITEY, tcewg]éhé*#%wsmn RSl

acti vat or assenbly.facili tor V\:hl th Cf0

addi ti onal® h ’[ EL6](.‘? y] pl&%m&ﬂ Sﬁigﬁglfaﬁ t 69931}1% Qnm\ﬁng, {r}gbglgsnl se that

Fi gure 10 12ROWSInEh &@espaaﬁgtmj}y efif@iait hatieds oomomﬂimatméw edsibledttht o
facilitate active MNAzynme assenbly. Myre or ass facilitator

conponent ST BRECEATOPR s BN HRlG HEGFWF g aﬂé‘c"t‘? an%‘bf%efﬂ? 58 1 Wth

reference to Figure 11 the structures descri bed herein_and othe rgol ecul ar
swi t ches 48234} nPeyemi gmenps e i TEPE R Girckar CAdBCl affl daresist %‘i‘gé‘f ®hol ecul e

facilitat r I t ge of a
st sabotrare " A BobEP o o Bht DS oI5 S B o7 e

cl eavage pmddmpl(ﬁ)é{ das stgﬂag;enﬂv@laem@paﬁdm)on ofbatbarsel gdld&aa@awcmnmheﬁt ina
Ilgatlonst n box i .in Figure, 1l

conponent ‘V élﬂiﬁ%ﬁh%sN% @@PF‘(‘JWOW%&?Q@ EFH egg&g? qufa]c% r@ﬁ%ﬁ%"%ﬁ) Aa
typically hashén Be.agdregate€ W6 ine faapahat € ‘%hdgfhg o’izgomﬁﬂéﬂtlﬂus wiiclomder to
allowit to function as as a substrate for a gase. | 00259 ] In

t he |i gat i wmpimsstatife Wiy naeqrengess thaf |a§f‘aﬁ7é%0h% te Ghea o§@cBﬁ=¥H° & Gte to
create a pafl. %gt[oglem;@tg n agd t%ﬁ%k%%&?mﬁt% agdid me%MuM Wy ae i s

i ndi cat ed oX 1v1n |gure In the SCUD anpli fication step
(i ndi cat ed 99¥). hestusidni ofi NDNAezyFiegubstiate sdguence within the bridging oligonucleotide

can provide a mechanism for reversing the aggregation of the gold particles (Liu and Lu,

2004). Activation of the lead-dependent DNAzyme by the addition of lead, caused

cleavage of the bridging oligonucleotide, dissociation of the goid particles and a change

in colour from blue to red.

20 [00235] Simple detectors for monitoring changes could be developed using this
principle and an MNA complex, such as an MINAzyme, Changes in temperature or other
entities or events could activate MNA complex(es) to form MINAzyme(s) which could
cleave bridging oligonucleotides causing the dissociation of nanoparticles and a change in

colour.
25 8. Optimization of the inethods

[ 00236] The skilled artisan will readily understand that the methods described herein
may be optimized using a variety of experimental parameters. The particular experimental
parameters that are optimized, and the level of such optimization, will depend upon the
particular method being employed and/or the particular event to be detected. Such
30 parameters include, but are not limited to, time, temperature, concentration of salis,
detergents, cations and other reagents including but not limited to dimethylsulfoxide
(DMSO), and length, complementarity, GC content and meltihg point (Tm) of nucleic

acids. The temperature at which such methods may be performed may be in the range of



io functions as an assenbly facilitator of a second MNAzynme whi ch nodifies
the first substrate to generate further Aa and Ab. The further Aa and Ab

are utiliypgshobtyohdie 11 gation and SCUD anplification stgps,rhspacidbvely
thereby formng a feedback anplificati gn cascade resulting 1n accunul ation

of Aa and Ab | 002611 The Iigation5 roduct of the ligation step is a
partzyme for an additional 15 MNAzyne which nodifies an additional
subst r at ealbaes G0 wgabont ¥6°detmat 2B Cato @bbwci5 " Cn2I°Cat iavent 6H°A treabpred®nce of

the target. In a.preferred odi nent of e invention, the

nodi fi cat ia]?.)cﬂl[t 8-%%(2)%& ST eéﬁaytbr‘?é’ogﬁggtof ﬁ"taé@ eﬁé’?eigﬁ&@?’é@?éﬁnﬁ?&% one or
any conbi RAidhoR @mpativer KRE eBEabEPast AEBABRYactiSH f2C8 PhasiRR fmesarance,
mass spectroscopy, NVR, electron spin 20 resonance, polarization

f | uor esceffd@eriiEe Fhérfids Bypompatidevak calply e ity | rmunoassay, chromat ogr aphy,
radi onetric nethods, electronic nethods, UV, visible light or infra red
spect r 8scbp9237dnzydditiorellre oh odismafiven 263 Viridina ki k| pdamnetert handéort theoul d

recogni se_t. in thi.s cascade.the fiyst bst rat Ln its. uncleaved state
ry sct - abdueppbH RRRRORRL Sribh e TR Tl Mgt e ne 25
second NLNAmyeatd. Shub,ne paa@heterain (IM\Acro@ivirbn@egthndy fRn@Re bh€adivhist” gubstrate

is cleaved by t firs I\/NAE yme tQ generate an assenbly facilitator which
t hen f_uncg?fS’ﬁ’sd? e@vﬁ”c"iﬁﬁ‘”@n ‘tlth%"t_s]é‘_@g% (UNGRPILS [ Suglp 26 4CHRDGONIL {FFFPETAEEPat ed
DN Ry R o P PRIt Bl e RSl P o 030

t he stipat é@ﬂukmg doppkediniviichamclage évul\/lsk@zymeiimg}rsdi dmasShble fachivatpmant i on i s

only initiated in the presence . of |igands or_other input events, jt
provi des 58%’%13%%?%10&@390&00 Ogg?tgoﬁa% ForTi %"’é%ﬁ’i“ﬁ 8‘35?06’1‘?11 of S'L‘%?FGJ@?’
anal yt es. advbiABlymntAitirgt edivagplohibieat 200 adPaRP0SERARORRETLMNIRRe7E 001517

65 cascadis are based on the activation of multiconponent nucleic acid
conpl exes At t HEY e PPIHWRIION; Oht PBHMELEE h ANY e SSTREAVIESMER THA Vifer ase

chain reaghdeRBicendh ofddftd d-8RSEuENR R MRACLIMex MU NEG B RL:ed replication

and signal anplification requires no protei'n enzynes to facilitate the

process. [THinBsAT QY ioHe Prefe R HinoBAYAN  RARIAUGEINES Br GUTIRAL Yoe methods

of using MNA complexes are provided herein. In such optimized reactions, activation of
catalytic activity may be increased by up to 10, 20, or 30 % above unoptimized reactions,
More preferred reaction conditions may improve catalytic activity by at least 35%, or
40%, and preferably up to 50% or more. In still more preferred embodiments, optimized
20 Teactions may have an increase in activation of catalytic activity of more than 50%, and
up to 66%, 75% or even 100%. In yet more preferred embodiments, a fully optimized
reaction method may offer 100, 200 or even 300% or more increase in activation of
catalytic activity. Other preferred reaction conditions may improve the activation of
catalytic activity by up to 1000% or more over methods practiced with unopt:imizad
25 reaction conditions. A highly preferred reaction condition for optimizing the methods
provided herein is the inclusion of certain divalent cations. The catalytic activity of most
nucleic acid enzymes may be influenced in a concentration-dependent fashion by the
concentration of divalent cations. Preferred optimized reactions may be optimized for

+ + -2+
one or more of Ba®*, 8r%*, Mg®", Ca®*, Ni**, Co®, Mn?*, 7Zn**, and Pb*".
30 9. Methods using aptamers

[ 00239] 'With reference to Figure 7, a method is illustrated whereby an activator ligand
can be used to switch “on” or “off” the activity of the apta-MNAzyme. The method using
an assembly inhibitor to block activity of apta-MINAzymes in the absence of an activator



5 wused protocols. Further, the ability to control and regul ate the

catal ytic activity of MNAzymes using several oligonucleotide conponents,
such as stabiliser arm conponents or assenbly facilit ts all ows
the assem $"81*'"RNazymes to be tightly regul ated by c?nﬁ‘?‘@%%agﬁz
conponents in the microenvironment. [ 330265 ] MNAzynme nedi at ed
anplification cascades could be applied to a range of 10 biotechnol ogi cal
appl i cat i Qnguseseie Thak hetidds dkQnastk GHich ThRYcdais6 2 alibiew LRt phdien, of
proteins and nucleic acids for disease diagnosis lz%ufam litating signal

anpl i fi capblonsptidat e yapkide auedmbipaten Gereghtheb hacBs catdy fe aReopBrs 20 be used
for applications pother, than_di agnosti c r I it hin fireld of
conput at i 517 r%ﬁlg iy 3%8??8% %l%ﬁ)g%(gl %ﬂr‘ e%%&%’e@%%?’)gﬁ hﬁgﬁl%c{%’c%ﬁ%gﬁ?e{)f?c es and
swi t ches whileib saRYy, Becdpsaeing, Migide tippaotemscellkbvitikes, Matieria sarvifaba Huadi) ow

swi tching between active and inactive states of IMA c}%’ﬂ)l exes by renoval of
conponént $0EEHSEelERlteEe PARAEEYS: (1S PORPMBANIEHROISARS SRBICPTFAES 8 0or . |
00266 | Apldiangk! g&gméﬁ,t 4REN B4, | ¥ea MY FRSnaBH ah akhivie M rEoPbexes, or
visa versa, can b chieved by the provision or renoval of conpl ex
conponent so@Binatiors teéaigprizny ofiber ertitn{licedt 410 260M. or nore activity
inhibitors, assenbly facilitators, assenbly inhibitors, partzynes, or

st abi | i sef 0624%5] oPrefrared sptuhersdefein hreysomprientiodi smgit-strandhd DAGL RN

i nhi bi tor i ncl ude l.abi | e.or cl eavabl e.linker .or. substrate, which may
be. | ocat A BUPHESHT Cib 08 (-G ST W P RTF Dne oHEP PHEg RICHM By - f o
exanpl,g ameRGhé Wiokds onRdsBiptioh, BEdRIY) afd ehatiplifcdioN Ak Stemag seithateforchd i t at or
domai n. C eavage at the 2 l'i nker site may all ow separation of an activity
i nhi bi t or seeAmEhagsnsheEmestaeyityratiorangins &iopt §nallhimplsriley sugh AnrRNO WHAEH nay

t hen funct i 0 andh, & senbl y
of an act%@m;@d&%@%ﬁéﬁ/%gagf&ﬁ%%?ﬁ%é?@?gbg‘%ﬁde dbe a@hllﬁglggécf%%%egs:veral
met hods, imdldedfongxbuplennicldid adif éthdidgNAzlpabecivhial ageprefirdte pmestelyye

cl eavage, or. hydro i s induced by changes in the pH and o e ture. of
00267 1 APt rTRR Ppe e MR PR ol erirad o eRaNE Py TR at o
coul d be s@li@leckV@latorBRNedo LN Gndu bR $St Entel tithgnivaighaimguat i on
and/ or conplenentarity to conponent oligonucl eotides. Mdul ator

ol i gonucl @®P#aEs ciiih Tabigdtdoewe-t hr ough conpl ementarity may do so by
altering the secondary structure of oligonucleotides to WO

2008/ 040099pH/ JALPo0 ibloh B thest Wil arpredidy that e antameyorey BRABEETMERS this
may result_jn. t j i r 2 1S now
Tl e to asuaifif Bd Bf I8 8-SR MBI DUBGIE o hoARHI Y oo BRREES S o
exanpl e, snidbitca. Rudhet dtt will bd bgwecicted diat de aptynec augeiltifle agiasrenpiouiznbeof

i ntranol ecul ar structures such_.as hairpins which.constrain agt.t vator

511Dl ol oSPHGHE PR GRS C5 AT GY TS Ao GMEE T HoA L e b ARG ment s
an M NA coeipeineidppiediafed diat an aptabDbliltiple Aflabh@isnullUllsortRtindorporitedlintcd an
activity inhibitor or assenbly inhibitor, may be _conj uq}zt ed._to ot her

entities. af lregioms of fisaarivent slgmecledifissrmmeninds. s astpartdy facBitgoryg the

Tamote ol CErrhn ThEb iR B RS o VAR BN R LT L ey

magnet i ¢ fsepleded aomGnionémgrasranndetténbaseenabfuaag reversi bl e t her mal
denaturation of specific oligouucleotides, while | eaving the surrounding
mol eculses [wek4t | vl the uhaédvedibed. in Figuso Meaneapmotr gakescd b énogrpaekstthcan be
| abel led with biotin tg facilitate capture and physical .isqlation of the
conponent 14 9 AGAEEE (BB b S SORLEBREL PR AFLG PRAFHES ki t s

for practigiyn@rhhentet Hedscdbmed agReoherein. Typically, kits for carrying
out the nethods of the present invention contain all the necessary reagents

to carry Quoplhe NRkhotk, HEOboRXAMR!S, ol RdABe AR R Bhe & koke SRArsONPT 1 Se
a first container containing an Inactive MNA conplex, such as an :
wher ei n acbidabé dncwporsiadl dininaey i ofe fHevEhgonuoleptidex compdronts dnclvditeg i e
requires
30

partzymes, the assembly facilitator or the substrate. Further the aptamer could be

incorporated into sither end of any one of these oligonucleotides,



20 abrogation of inhibition of catalytic activity through exposure of the
i nactive MNA conplex to an activator, wherein said activator abrogates the
i nhi bi t oryghpklweeee of an inhibitor. For exanple, in P(?ﬁAﬁfﬁ?ﬂﬂh%nt a kit
may conprise one or nore conponents for the formation of the I nactive MNA
conplex in separate containers. | 0027@] I n one enbodi nent a kit may
conprise a first container containing 25 conponents for an inactive MA
conpl ex, HERéd h dbe stvadydhusates an digrsNAcaoihised eftherf(@rionpaoviddNAmyiied

requires activati of catalyti.c activity through exposure of  the MA

conpl ex  t 45 Ak ML GPEBlFE et HK Bt Jsisctl Horeph HoeHes ogpr ) 1

Typi cal 1y préige Kikethddf fof BGedlof 2 HonnOMER R add hhciab %Qidoc&%%'lﬁﬁg%?@— or nore
ot her containers, containing for exanple, wash reagents, and/or "ot her

reagent s adiNdeemiplexks 3dieh fova Mezsmaaben epntadied wethtodgandfactivesor Akent i on,
WO 2008/ 0 BPET. . L N8IS: I.C.containers .or strips
of pl agti glgg]r%ép%bc{a@%%gcgé?gg%sﬁ%é}l%é rfgrq%gb %m&z ?{l}gﬁgﬂ%}o& E'grr% gﬁn{gﬁug ‘er of
reagents from qne tnent. to anot her conpartnment whil st avoi di ng

c r
cr oss- cont ani néi |S(§%n%g%aﬁaﬁ@“slearrpl es and reagents, and the addition of agents

or sol utions ofy)eachiepatAimaerhifi R Wit ye O FERS MNBMAmirdneRed-hied it ode
quantitative fashion. iqch kits may al so i nclude a container which wll

accept the test s‘éﬁﬁ?le& ‘a container which contains the reagents used in the

assay, cont al Ney Sl Ciic ORiRkt: YRR(A AU Sna e CARLALARE % WAhaR, Cont ai n

a detection reagent. Typfcally, e present 1 nvention wll also
i ncl ude i nstruct i ehspértyyme shdthephdzivia engoliponemidy bbacotideabiNAfyme,;
appropri ate nethods. Kits‘%f%n%j,%gthods of the invention may be used in
conj unction with ATPIECREIFEHS ysi s equi pment and systems, for exanpl e,

i ncludi ng but rYtad dspanttegdidhibitor E8lontidlEmiIPGRIBLRBRSs to [thdPelSarlzyelin
application to detection, jdentification or quantitation of different
targets or event s? TG WhIch sRins fleashpart /¥ S ArSHpraspIBEca BB ipeRsIfehe or

al ternatively di f{@8LERE biKkihs armf @mg@%gﬁﬁ%?&&ggg reagents specific for

each target, may be required. Metho nd “15ki the present invention

find pli j ' L SUIEL i ' L& . bs~desi.r . ect,
identify é@%ﬁ% tH‘tg? gt{sg%er ent i tgg%% 1%8%{@?&?‘8%%5%01 gﬁ%hag?e%{rb&@%b%%venti on
wi |l now mé&ghingidohds bulds tr thb eptaiparigmeathes calepeaink vith aefdodmgebihding he

| 1 g (HorGeses R e Re T A PG ot PG vavpl SPEIS e khist 8 of - an
MNAzy e wheti exi@raidady M r8eRqApiiHaes pidD, Bings W @8 aptamer sequence of the apta-
partzyme, blocking the binding of the assembly inhibitor oligonucleotide, and thus
20 allowing binding of the substrate and formation of a catalytically active MNAzyme which
then, in this scenario, cleaves the substrate. As such, catalytically active MNAzymes can
form and cause fluorescent signal generation only in the presence of activators that can

bind aptamers.

[ 00246 ] In some embodiments, modulation of MNAzyme activity can be achieved
25 using either a mucleic acid or a non-nucleic acid target activator ligand as a switch
mechanism. In other embodiments, the assembly inhibitor molecule is manipulated by
other means so as to modulate activity. For example, the assembly inhibitor could be
removed by several strategies including selective thermal denaturation or method that use
oligonucleotides to compete for binding and/or that use branch chain migration to

a0 displace fragments.



[ 00275 ] Many variations on the basic design of an MNAzyne are
contenplated in the present invention. In this exanple, MAzynes were

assenbl egyd Mok h@oRRr esence of an 25 assenbly facilitat eerfyemmaisizyne A,
and partzyne B which contained two com&onents, nanely one partzyne

conponent with a truncated sensor arm ‘and one conponent that functions as
a stabiliser arm MAzynme assenbly occurs via Watson-Crick base recognition
of the parifzydéeckedsasizsarirdend the assenbly facilitator sequence. In the

followi ng exanple, the use of a truncated partzyme armand a stabiliser arm
was 30dendri¥f4al eBersonaGkIbgsincho 89 5P TppEREE7 B0 16 1metbadsTédrscribed herein

ol i gonucl eotides required are descri bed bel gu_a)a st andard par A, b)a
part zyne Bn@o%ﬁr‘i‘%&ﬂ@ BT @5 SnaésngeWi g%ﬁ%egh?’%cgp% R O@Wdﬁ%%grm a
partial cCafeplopting sGoH Betbbdh dsidioRaddtrae NeideAnmarand lianikeco(d astiakbh i ser

arm conponent, Swhich hybridizes to the assenbly facilitator, adjacent to
the truncafed serizs MYAnsEriehl BER e AZYRE do Jpodiy) 3 sWetrafe priysindBei gned

to facilit he,;
o Tracili Iﬁés‘ﬁr)}%ym %S%béﬁt,v‘@ﬁ&sfnyg?ﬁréﬁ@%t@ ds SIBES Ghaddl RhbIE Sy

partzyne i's ized"to the assenb acilitator; and cla substrate, for
exanpl e a inepeomtat ipz edvend alyst swah es génprdtiod ®2 7 Aefeciablei sigpalyNAZ) metiegtioe nbl y

| ' 1 he. f facilitator. 1.1, P
o1 1 gonucl dtirdRe A TS ieenef W DoSA PR absiye st fOREC
truncat ed [HeREQS ofrdni@betPar e7dHIE wBelsts gl yubbirdieiGh et deslel avdiesigtfar The

sequences of partzyne A and the two partzyme B conponents 15 are shown
bel ow (5" ipgelgemyent fna serend sYInbWIKES Beiaraase fireidreeyd ¢LY HOHRIBGS di ze

with the a3SEl ¥ ddGh shb@hl for BRGREmUARTLY BRREEOLMRRLducA cdefie, G al yUi ©
core of the assenble yme, and bases in“italics hybridize to the
subst r at e. thfttusubseBliert pdkint atabes Rhilgblrospiherapt fir ivwhehmenhis th pgtmmencesti de.
an earlier event, thereby creating a cyclic cascade, such as depicted in Figure 6, Figure 10
and Figure 11 (iii), wherein such cyclic cascades may be employed to amplify a signal,
15 for example, in applications where an input event is of low intensity, for example when a
target is in low abundance and may not otherwise provide for a oufput signal that is

detectable,

{00248 1 One mechanism for generating an MNAzyme replication cascade designed for
target analyte detection uses the SCUD cascade strategy. The SCUD strategy can be
20 incorporated into cascades in a variety of designs as illustrated, by way of example, in
Figure 6, where two MNA complexes are incorporated; in Figure 10, where three MNA
complexes are imcorporaied; and in Figure 11 where both MNA complexes and a

DNAzvme ligase are incorporated in a cascade reaction.

[ 00245 ] The SCUD miethod relies on the ability to control the assembly of active
25 MNAzymes and MNAI from component oligonucleotides present in the mix. One format
of SCUD is depicted in Figure 6. This SCUD example describes a general method for

signal amplification.

[00250] One embodiment of the method, known as SCUD (Signal Cascade using

DNA), as illustrated in Figure 6, contains the following components:

30 (1) an activity inhibitor (such as the dual labelled RIF (Reporter-Inhibitor-Facilitator) as

depicted in Figure 6) containing three regions;



SEQ ID NO 1 Partzynme A4 Xd-P: 20ACTGGATGICCATCTGICTGACAACGAGAGGAAACCTT- P
SEQ ID NO 2 Partzyme B5 Xd-P conponent 1: TOCCCAGGGAGGCTAGCTTATAC- P SEQ

11D NG B stabiliser arm conmponent XdS-P:

CTTCGTGAM&%@{ $51.2. Reporter substrate [ 00279 | Hr&*PRp4redy
substrate used in this exanple was SubBi - 2 end- Iabelled with a 6- FAM noi ety
at the 5 end, a BHQ npiety at the 3' end and desi gnated SubBi - 2- FB.

O eavage of SuhBi m&&mmbmepmﬁemwoﬁa@; i FAMhedias finotionwafel engt h)
with excitation at 490 tun m@gi tatlon wavel eng th@The sequence of
SubBi - 2-FB i s Ils@’éﬁyg%%%%ﬁ(@y 1191 yhen gorpexatsr et §F pak ©soRdpr esent RNA

and the upper ca 95PCT/ A112007/ 001517
69 SEQ ID NO 4 %B%aﬁ%%ﬂéﬁ b VeE ?ﬁ%na@%g%zzms%%@é@ﬂﬁ@g Assent bl y

facilitator nolbecad @tzﬁfatmwlh]ly fahiditaescpoaporert £2b wdichyfornisetn assential
ol i gonucl eoti de usoed as ?W senb)y facilitator 5is below (5 to 3'"). This
assenbl’ y facili t aYBTPOREY © Mithed with the partzyme B sensor arm

Nucl ease-free watefuv@se 8684n (dRapl Beeecaf the R198E Fas sanhhy whatithitgd or as a
“no target”® cont rcoltlaaved by either MNAzyme la or MNAzyme 2a,
(ii) an assembly facilitator component F2a
(iii) partzymes capable of forming active MNAzyme la siructures only in the presence of
10 assembly facilitator F1, which by way of example may be a target nucleic acid present in
a test sample; the active MNAzyme la being capable of cleaving RIF into RI and F2b
components, thus generating fluorescence, negating the MNAzyme activity inhibitory
effect and concomitantly generating a new activator assembly facilitator component F2b.
(iv) partzymes capable of forming active MNAzyme 2a complexes only when the
15 partzyme arms bind assembly facilitator component F2a adjacent to the liberated activator
assembly facilitator component F2b. The MNAzyme 2a in turn could cleave more RIF
liberating more RI and F2b thus creating a cascade of MNAzyme 2a self-replication and

concomitant fluorescent signal amplification.

[ 002517 Inthe absence of F1, which by way of example couid be a target nucleic acid,
20 the partzymes for MNAzyme 2a would form an inactive complex, MNAI 2i, with intact
RIF. Intact RIF functions as an activity inhibitor in the formation of MNAI 2i. In the
presence of target analyte, active MNAzyme la would form, thus cleaving RIF and
liberating an activator assembly facilitator component F2b which would then be free to
associate and become a component of an active MNAzyme 2a. Since MNAzyme 2a can

25 further cleave more RIF, this would initiate the replication/signal amplification cascade.

{ 002527 FEach time an MNAzyme 2a cleaves a RIF molecule, rhore components
{activator F2b assembly facilitators) required for formation of new MNAzymes 24 would
be generated. The MNAzyme cascade results in the assembly of MNAzyme 2a complexes
that are identical to the parent MNAzyme using components which are the products
30 generated by MNAzyme 2a catalytic activity. As such, the product of the MNAzyme
cleavage (F2b) is able to direct the assembly of new (parent) MNAzyme molecules in 2

self-replicating system which is autocatalytic.



SEQ ID NO 5 Assenbly facilitator Xd-T:
TGCOCCCTCACCCTCACGAAGGTATACAGACAGATGGACATCCAGTITGGTGA to 1.4 Reaction

Conditio ] Detection of the assenbly facili ¢ sured b
an incre se’{of;&a&% dor escent si gnal caused by cl eavage tg?rr&?eﬁ@gyg{)gg?er Y

substrate by the catalytically acti vedWNAzynme. Reactions were initiated by
the addition of substrate and the total volume of all reactions was 50 }IL.
React i ons{ ggre | candugtietrat d&bibein hareiil kids bter GRlEdvider 1 SwitdBi @aBi forach) .

Fl uorescence for each reactjQn read every, 2 seconds for a total of 5
m nut es. FMPoREHE Pf GRAABHRER %\é\ggﬁ@ﬁ?ﬁwi&\ﬁ%a- 5 200 nM B5Xd-P, 1 x PCR

Buffer Il (Applied Biosystem,_and 25 mM MyCl2. | ddj ti |
cont ai ned{ 99254 onJ¥ite sieraecs tg;@"-‘ﬂ%i%éu?hﬁa ql\%ﬁq I%@ynepgrﬁ%rjjée ISI.? ?’S]%%L?grs

reaocnts, Mg PHER, £ BEkiGhgn FRSGIICH, Saguily Rap A Babblser
(iii) No fssenblhe theei ddid @t arasfandie factitaterapll )initiates the cascade by facilitating
the formation of an initiating MNAzyme. This initiating MNAzyme (Mt in Figure 10)
may modify a substrate. The modification may be, for example, cleavage. In this case the
modification results in the generation of a first assembly facilitator for the formation of a
cascading first MNAzyme (Mcl in Figure 10). The cascading first MNAzyme may then
10 modify a additional substrate to generate an additional assembly facilitator to direct the
formation of an additional MNAzyme (Mc2 in Figure 10). The additional MNAzyme may
then modify the first substrate to generate further first assembly facilitators for the
cascading first MNAzyme, and thus feedback into an earlier stage of the cascade is
generated. In some embodiments the assembly facilitators may be activator assembly

15 facilitators.

[00255] One skilled in the art would recognise that in this cascade the first substrate, in
its uncleaved state may act as an activity inhibitor of the cascading first MNAzyme. That
is the cascading first MNAzyme 1s, in fact, an MNAI until such time as the first subsirate
is cleaved by the initiating MNAzyme to generate an first activator assembly facilitator

20 which then functions to switch the cascading first MNAi from the “off” state to the
catalytically active “‘on” state of the cascading first MNAzyme.

[ 002561 Similarly one skilled in the art would recognise that the additional substrate in
its uncleaved state may act as an activity inhibitor of the additional MNAzyme. That is
the additional MNAzyme is, in fact, an MNAi until such time as the additional substrate
25 ig cleaved by the cascading first MNAzyme to generate an additional activator assembly

facilitator which then functions to switch on the additional MNAzyme.

[00257] One of skill in the art would recognise that Figure 10 shows three assembly
facilitator components are required to facilitate active MNAzyme assembly. More or less

agsembly facilitator components could be utilised in a similar schema.

30 [00258] With reference to Figure 11 the structures described herein and other
molecular switches can form a signal amplification cascade in which a target molecule

facilitates the formation of a first MNAzyme resulting in the cleavage of a first substrate



200 nM of XdS-P WD 2008/ 040095PCT/ AU2007/ 001517 70 1.5 Results: Assentbly
of active MNAzyntes in the presence of the paraynes, and an assenbly

facilita 82 ] When both the assenbly facilitat . a partzyne
stabi li sé’?ég%'%/f]a}g%rrponent were included in the reacti ?ﬁfﬁgﬁ@%%ﬂ?(i ):
Figure 3), active | VENAzynes assenbl ed4and s cl eaved the substrate,

resulting in an increase in fluorescence over tine. In contrast, there was

NO i NCr eagSgddrehd %ﬁﬁ@a@@%&oﬁo&%t# 6sigRsRNEL aef AbY @ aaras@idhl ¥s 4 8sthpddent OF
(Reaction (rii): Figure 3). Further, the Bresence of the stabil’iser arm was

shown to beadsgiontstepl(infisated by ax tign Féurath)iand Al fpetions 85 2 AompEEHE Biri
contai nin reacti.on.c o} N lud] t S |y, tHacili or, but
wnioh | achGy ™ RESTRER EPRANENSS RO 28 IRSHE g 0% BT
f1 uor escephespamerat titsn® feRaiact iroordet ity .allbvgitine BictioAsassasch sutidhetcSfdbases of
t he sensobt\%gm of partzyme B were insufficient to forma stable 1VI NAzyne
conpl ex biNAH&HiE&Eence of a stabiliser arm conponent was shown to be
capabl e of conpensating for the short length (truncation) of fhe partzyne

sensor ar i8R lal Pl Reption shpetbkUAZYHENT Baialipgrs dades sstordgktfate 1o
tenper al UbRaof AP z?r(aﬁ%dfﬁenﬁmﬁgxggpgg)addﬂ&%?@@%ﬁhég.rimﬁ&ﬁe&ﬁ”ponent

is 15 thus an esse ol 1 gonucl eot | asse active MNAzynes in
t hi s syst éox iwihitcgwraities a partzyme with a truncated sensor arm [ 00283 ]
Further, when an alternative assenbly facilitator, which had a single

nucl eot i d¢ 0ft&nat mhthedi SEUD henpidictizynetes éndmatedrin bars iii na |t ébuire), Alr eact i on

containin artzyme A and. the.two cponponent f partz .-t he fluorescent
o gnal 0 dRPESH Rt AESBaL TR ! § daraen iR By s Teriire

exanpl e depmpatidbRrddAthdMNN ¥idES. 10RUleh e Malank QbMark Bikdke iPhesgRem of a
fully matched assenbli% facilitator under the conditions of the experinent.

One ski | | esd iS¢Uhanmiitication | stepp sreeptately theebytioaniseta Gedbrekvisenifigaianct i ve
MNAzy e a@gsﬁg&lje%]%ﬁ}g&}{g aséag%giggg?aﬁ@%be regul ated by providing fully

mat ched or m sna acilitators. Further, the exanple
demonstraf 6aadine 1oy ofich Y9s ATRONEDY DAL pumme . MhiCh COMLT SgsdLi I St

nmol ecul e ha% ont'ai ARt UNCated sefsor. ar and ga“second stabiTiser arm
nmol ecuke. MN&zyes wilidnmeiidiffear art hedijoes enbderand resultingbid iasédtedsbie rasfeeicul e in
such systergs, proyvides another tool with which one can regul ate the
assenbiy &t Wlmf//‘hﬁgf.m@e?o o858Y- Great flexibility is afforded by KNA
systens which contain nultiple_ oligonucleotide conponents, the sequence of

whi ch can [8&2%%i | Bracerelireh SPeefBeEt eighe myenian: figne @SR PRS °f AE™Sequence
conposi ti @p ANduGAIRE SARNbA dottte@ by aRF chB &Ry YWktination of fluorescence

spectroscopy, surface plasmon resonance, mass spectroscopy, NMR, electron spin
20  resomance, polarization fluorescence spectroscopy, circular dichroism, immunoassay,
chromatography, radiometric methods, electronic methods, UV, visible light or infra red

spectroscopy, enzymatic methods.

[ 00263 ] One skilled in the art wounld recognise that in this cascade the first substrate, in
its uncleaved state may act as an activity inhibitor of the second MNAzyme. That is the

25 second MNAzyme is, in fact, an MINAI until such time as the first substrate is cleaved by
the first MNAzyme to generate an assembly facilitator which then functions to switch on
the second MNAI.

[ 002647 MNAzyme mediated amplification cascades could be inifiated by either
nucleic acid targets (DNA/RNA), or other target ligands (proteins, small molecules ete) if
30 the strategy was linked with an apta-MINAzyme system. Since the reaction is only
initiated in the presence of ligands or other input events, it provides a technique for

detection and /or ideptification of target analytes. MNAzyme mediated amplification



ot her conponent oligonucl eotides. Shorter sequences, including but not
limted to, ''NO 20081040095PCT/ AU2007/001517 71 partzynme conponents with
truncated arns, stabilizer arms, and assenbly facilitator conponents are
particul Y PHLEIF in this aspect of the invention. FCTEAEHEEISYY

Regul ati on of the assenbly and di sassé&fably of MNA conpl exes using
tenperature and its application to the construction of a DNA nano-scal e

devi ce [ oL PARUBRLQLAN S, SEBSHATen be AORBOnlodlhNIIID, 58 eiEbY N dUiisasserbl y

can al so be contr tenperature. ATrise or fall in tenperature can
provi de atayest haplifeation tdehwiqirestsutio asthi polymetase ebainrsaciien, gt thevizese @Rt he

MNAzynme "on" and “off'. The sensitivity.of a e to t r e could
be expl oi f%aﬂ%q\@dgmn? ﬁé@ﬁ%@géﬁﬁ% ’16?%‘8 a}@gﬂ%ﬁﬁﬁé?ﬂ%ﬁf%@ﬂ% S]Iﬁﬂé{% he

t enper at UL, MRk & BiciiRE HeR 0O Thisirotias 4 Bidor bevantdze caashebloymmonly

(hybri di zaéﬁifdon) tOf tggﬁﬁorrpé}gpne%%wog \%gtg\tgglrﬁgﬁtliﬁ%l&e}%&a rédéaggl}{%é?t?@%yal tic
activi sy, vefd pretavnlaz h & C e e T ng (eg

cl eavi nQg) bst r al : . i : npeLalddi@olere

perm ssiv m&g%@éﬁggﬁ/ﬂ%ﬁwﬁo@%tﬁ%ﬁ’{S{I/CI{%EE&BOE substrfarf@e_ woul d be
nodi fi ed ands@mbélygfailitaon banpmegieredlows b ad8ib002B 3 ATyracsaloi v4 tightho change
the nelting tenperature of the conponent .oligonucleotides (for exanple, the

par t zymes FEFHRH Y RBEHEPEA COEPOBFR et 5 Ahd76r assenbl y
facilitators by altering hase copposition and/o | i ggnucleotide length,
Al | ows. oy 05 X MBSl Red s SRTBPT B TU BF Ry he D8 8he. CThi s
al | Owsm.l“tl J‘Wfﬁ%ﬁo%%e'ﬂ%pﬁ&ﬁﬁénpeesbé&iﬁyfiﬁ|diégﬁéﬁﬂ:"s. They bddly alloF fdetestiat of but

it allo

rat her ows for a 20gradation of activity suitable for use in rheostat
syst ens. Iproteibs andinvolsls avdulfen fisersofdiaghesis dypleHitaing $15Wgé*ﬂw3§f°a%ﬁi ch the

MNAzyme r ﬁ%@%}g} Sﬁ“%%ccu csug%g.r}#(%\zt%%‘:za e &a&ﬁoﬁﬁ 9h bt:%l.s!:d %d} aiD (;r G5 ML & oM one

that is ir yne activity, to ano that is

conpat i bl &lisinbdticlyNAZ yremaRt iwiitiry thenfeld dofbeonfet@tnehalypisaarsl Yowolagalaer at ed
foll ow ng substrate nodifjcation hy thf}e Azyne.. The ret%doué ti%é)u' d, 25for
exanpl e, BEZRFHBIESSERRSCRIC IEHIC FETtReS WhCHIRS0R Yo HLIRREIVRE conpl exes
could respond to tenperature changes by cleaving bridgi.ng olig oti des,
responsi blid- f dfetleatis swhigh t #lova gy elgag ibﬁﬁ”eﬁ? HHra Wé{lﬁ’ﬂgﬁ"fei Etfljé% .'a?nWV\DuI d
al | ow deve el TP Brph Qi bIMBL & Bi0RXNiER itibRR & Mk Ao iT)i ng

t enper aturéggﬁ’g%%g}gfwd}we S ilf’gd in the art woulg’?appr eciate that the

i nvent i on fatiigikorpl e 30devi ces usi ng MNAzynes for tenperature sensing could

be applied in many industries o
[00266] A transition between active MNAzymes and inactive MNA complexes, or

visa versa, can be achieved by the provision or removal of MNA complex components
20 ’including but not limited to one or more activity inhibitors, assembly facilitators,
assembly mhibitors, partzymes, or stabiliser arms or parts thereof. In some embodiments,
the activity inhibitor may include a labile or cleavable linker or substrate, which may be
located between two or more domains within the activify inhibitor, for example an
activity inhibitor domain and an activator assembly facilitator domain. Cleavage at the
25 linker site may allow separation of an activity inhibitor domain from an activator
assembly inhibitor domain, which may then function as an assembly facilitator
component and direct the assembly of an active MNAzyme. Cleavage of the linker could
be achieved by several methods, including but not limited, MNAzyme cleavage, protein

enzyme cleavage, or hydrolysis induced by changes in the pH and or temperature.

30 [00267] Altematively the assembly inhibitor and/or assembly facilitator could be
selectively removed using a process involving branch migration and/or complementarity
to component oligonucleotides. Modulator oligonucleotides which fimction through

complementarity may do so by altering the secondary structure of oligonucleotides to



i ncluding, for exanple the pharmaceutical, food and agricul tural
i ndustries. WD 2008/ 040095PCT/ AU2007/001517 72 [ 00291 ] One application

could i n%y{ﬁgﬁﬁb%ackagi ng an MNAzyne tenperat ure- sensiy Wb doiiper at ure
sensitive drugs or other conpounds. |If the package were not stored under

appropriate tenperature conditions (e.%§. under refrigeration) then MNAzynes
could formand generate a signal, thus identifying the conpounds as spoilt
5 Siml awhith hepdiddhat somedsntodimen®ilis wayhiesuliset art elgestataonérinhian s, for

exanpl e, frozen food, could be nonitored b n I\/QIA@(r ne te r%t r e- sensor,
Capabl o oF PR FHFITG STEEE Keto et e HB e PHLNBHN AL S GREPEP Sy (P Ting
storage. ‘ct%%%?{fx]zyﬁfgﬁ. B %E'Seﬁaxﬁfﬂeyﬁcﬁg thERRS Y Ruicl 1189 Ml @huse ik

catal ytic activity o y denonstrates a general strategy of sw tching
t he cat al fisiuptiget dfy intsametecior Muneyirass sesh ahdespins Ashiely clopstN TRy #Her

assenbly and dj sasse \ I control l ed by many of the factors which
can inf)acfnog u{eﬁgl%o%%%oﬁ%%rogﬁgﬁa%%gh exanpl es i nclude, but are not
limted t esence. or. absen f conponent part S .or. ass |y
fact |1t at oPEo S E RGO aER e At R T PRTaN PR A RN b ryRRE BlP
concent r ahhOlmitkd & Bf QEEASLInBIbitabseAsemely Radithi, VRS, badchjh@ARE (AbMES.
15Exanpl e 3; Mechanisns for facilitating and inhibiting the assenbly of

active MBRifes Ibsonmmmbpdgeptsthe eempuapl He couusslapose ol neasTeitafes,

whi ch ass | r r Ly, bl LR £
conponent gc?%{l%l 1‘02? %ngtg%ﬁrg@%ﬁ\%?%a%?%neﬁ?g T%F@Sﬁgzgrg% e%g&ﬁ)hﬂ(c ri g%\ftgr_ﬁand

panel )iy Fhgpridsabol,iWitathe r4dié-frequedcFingpmatic Fie{d mhttionmgds st auchusr explingThe 20
assenbly facilitator(s), which binds to.partz ensor . ar can be a
target aniiyEPLE o&’egéaﬁ BEPATaliag: ng@cﬁ@% g]f%?%g%?‘%‘%%| 3"@%? g?%%médé‘g% to the
reaction Eioun@ir@mhotecuMN iR PeREReY. In kémad@bsdinents thetdagipbnaapachd y t o
contribute to active MNAzyne assenbly, partzyrnes can assenble into an

i nact i ve, labshedwtiabiptin fo Fagigate ephs ad RiyeiRaltiFfoRph e GPEROVEh an "acti vity
inhibitor"” nolecule (Figure 4 (left hand panel), Figure 5 and 25 Figure 9
(structuréd t&itshe right of MNAzyrne structures)). Various alternative

ol i gonucl eoti de sequences were tested for their capacity to regulate the
assenbby 0OP0AI% heFheapredeveinvpiiop rasocurapidesdats for prepiming the oupgys (discipsedhi s

exanpl e (depicted i j 4 a . i in the
presence ?mtnl‘ ygcasl?yngﬁtsg%%g%e%?ﬁ %g(ﬂgs%lg y%?igeéﬁ ?Sl%ﬁtrarﬁléérﬁtiﬁ?? %1%?&‘3;5_'}1 é|ji ) two
30 nol ecub@ssaasseeid 1 daagidut thatmethednPanenipk| inand cadedindny afkdciby t at or

component F2), whose seguences together conpri.se that present i .
facl |1 tat 6PfiIe28 TRECHPHFS GPOER AR H07E RO aHOTE CerBor arfh SR %ne
part zyr ne yapel; ovehil RS drosdt RhctvdagrapabmsiePfio tign SANBATAAMR Ofquiee second
partzynme. In another reaction, an "activity inhibitor" nolecule, which has
a 20 abrogation of inhibition of catalytic activity through exposure of the inactive MNA

compiex to an activator, wherein said activator abrogates the inhibitory influence of an

inhibitor. For example, in one embodiment 2 kit may comprise one or more components

for the formation of the inactive MINA complex in separate containers.

[00270] Tn one embodiment a kit may comprise a first contaimer containing
25 components for an inactive MNA complex, wherein activation of said MNA complex to
form an MNAzyme requires activation of catalytic activity through exposure of the MNA

complex to an activator by methods disclosed herein.

[ 00271 ] Typically, the kits of the present invention will also comprise one or more
other containers, containing for example, wash reagents, and/or other reagents as required

a0 in the performance of the methods of the invention.

(002727 In the context of the present invention, & compartmentalised kit includes any

kit in which reagents are contained in separate containers, and may include small glass



WO 2008/ 040095PCT/ AU2007/ 001517 73 sequence that includes that of
facilitator F2 plus an additional activity inhibitor domain, was tested for

its abili §Qeibbe the reaction towards assenbly of J/NA ﬁ@{)@li es. 3.1
Partzyrre‘%ylzgolnuc?seoti des [002951 In the foll ow ng sequenc%s t he bases in

bol d hybridize with the assenbly 5 faci'litator, bases underlined form part
of the catalytic core of the assenbl ed MNAzyne, and bases in italics
hybri di zecdrdaihére, [dadtis teozthiners Phetrips PE plesiti @ awps. Suclptrotpios ywlapellow tef t he

oligonuclegtide. SEQ ID NO 6: Partzyne A RO5A4/2-P: .
CAAACGAGTE;%%%E@F’F%%?E% MAW e@‘sé‘bzﬁ“ﬁh%@ﬂpaﬁt&ﬁﬁz JralsE
RO5B5/ 2- Py SITEAARISATT A daisl OCBAGETHon B 3gehiRepor t er
Substrate [ 00296 ] The reporter substrate for this exanple is SupBi-2-FB

with the selgtienscecash cergaiger fropg ope (cOWPSHEH; to Znpiher g SHAtiabBe4B8¥ i th a
6- FAM poi ' : i ' nlEN age of
Subfi - 5 POt S8 o BPR0ERoftakar i BRI Siotpthe KOE pelE S oS
excitati owhixth AB3ind the ¢F2AdMiexadt iatthe assap veehengthyhicH henthipweash gazgentsases

represent RNA and the. upper. ca ases r esent . S I D.NO 4
SubB < 2 FEP ST EEF B 55 Femin LT T YoHnErsat Feg ooy
00297 ] SeuBradlo #WBIuBE HsBctMBE Fort @A Lthel it LBnPor@XRMP|cend Rt tH@ipropiud ity to
regul ate the assenbly of MNAzymes and/or MNAI . The sequence, which

f . .
const i t ut aethpss ek g meihoflt eff Bp TERNLQISMAY be Utk SPEEHUAR FRirReitEbquences
of facili . . t b Vi i-nhi. Qi t: i-S:in.b .
1eBEL foY bLndiONL L&A pANE: itk oD AafliARPCR
under Iif}neégéig%bg%%eg?& %gseg%b{oy %ﬂc;% FI t at 3ré}2§t/ 2: it
25GCAAGT GakiisT GT AAT CCGT CTCCACAGACAAGGCCAGGACTCGTITTG
[ 00273 ] For application to detection, identification or quantitation of different targets
or events, a single kit of the invention may be applicable, or alternatively different kits,
for example containing reagents specific for each target, may be required. Methods and
15 kits of the present invention find application in any circumstance in which it is desirable

to detect, identify or quantitate any entity or event.

[ 00274 The present invention will now be further described in greater detail by
reference to the following specific examples, which should not be construed as i any

way limiting the scope of the invention.
20
EXAMPLES
Example 1: Example of an MNAzyine where partzyme B comprises two molecules.

[00275] Many variations on the basic design of an MNAzyme are contemplated in the
present invention. In this example, MNAzymes were assembled in the presence of an
s  assembly facilitator from partzyme A, and partzyme B which contained two components,
namely one partzyme component with a truncated sensor arm, and one component that
functions as a stabiliser arm. MNAzyme assembly occurs via Watson-Crick base
recognition of the parizyme sensor arms and the assembly facilitator sequence. In the
following example, the use of a truncated partzyme arm and a stabiliser arm was

1 demonsirated.

[ 00276 The MNAzyme detection strategy used in this example is illustrated in Figure
2 (panel (ii)) and i Figure 3.



SEQ ID NO 9 Assenbly Facilitator ELGCAAGTGGGAAGGTGTAATCCGTOT SEQ ID NO 10
Assenbly Facilitator F2: CCACAGACAAGGCCAGGACTCGITTG SEQ ID NO 11 Activity

i nhi bi tor, lLe: AAGGTTTOCTCGTOCCTGGGCACCACAGACAAGC;EQA@%{;!; TG WO
2008/ 040%@@%&@007/ 0015 7 74 3.4 Reaction Conponent's én nmoni 1-é_ri ng of

Al NAzynte activity. [ 00298 ] Real tif nmoni toring of MNAzyne activity was
performed on a BMG LabTech FluoStar fluoronmeter in a total reaction vol une
of 50 p.L. R&aotipanslevilze raypired aeddsaribed hdowal |y at 55C for 4 ninutes. The
reaction was initia%;ea% by injection of 5 the fluorescent substrate

SubBi - 2- FB (@bsiepfagp Z’ﬁﬁﬁ Sol ut | on) into reaction mxture containing | x PCR

Buffer 11 ( drﬁl\ﬁngb%ﬁf)ﬁ%ﬂgh,ﬁrﬁio MGl Rich 20@aind ofbsRae by, MBpafial
RO5A4/ 2-P, 200 nM of Partzynme B RO5B5/2-P and either (i) 400 nM of Assenbly

Faci | i tat or Flgaalytireors auf toeateivicasor ALs el | asormadisiabiRpiomcomper@ht FI and

400 n_M of Asse Faci it E2; ctivit
i nhi bi tor and ‘ﬂg%ﬁ mr@g‘ﬁ% g)Atgé ggﬁﬁﬁ%@%@.ﬁﬁo{ ’a%lg)arc nggééngfglr]en?g%lg',&%g? I v)I x:) g
Assenbly faci | hitths perizy@e STtiResiliser afm BORESndd 17 Heilitais MINAzyses wgerbiie

conbi nations of_various regul ator structural .co nent ol j.gonucl eoti des
are shown in FWE%%eWCAteﬁgﬁ?sar FH%?@%%WWFW@@@%&% @‘F Q‘aﬁgfd,ﬁ%i ndi cati ve
of high level gfisMiAzyane cl eavage activity, was seen in reactions
containing 15 either assenbly facilitator F1/2 (Figure 5 (0), or assenbly
facilitator cgombeirrinte exhmplid rEOT{EFPIPYe 8UBIAE )) . No increase in
fluorescence over tinme was observed in the absence of a facilitator (Figure
5 (iv)). THO2Y7dermtive ridbdeymhatssemblyssiemybquitescthe i irateore néad msemblyways be
an unbr ok n.lgl i gonucl eoti de, but rather can be split into nultiple shorter
facilitatdtt ?)t??ponents, whi ch align adjacent to each other on one of the

sensor ar of a partzyne 0030Q0.1 No increase in fluorescent signal
was obserg'gd %W@?B‘Fi“?fﬁg’f%kf’ég%ﬁ’%rfggggﬁ’t‘Hi"hi ng the activity inhibitor and
facilitator Fl (Figure 5 (ii I%I*i) S nig: the activity jnhi b-to£1S rg}g{e%ule
i ncl udes tAE8dqenil srenmale; tier Gpyaicgosenire A 104 éﬂ@’fﬂlﬁ al’ ¥
non- conpl epBEAEY il I&Q@iﬁhersyq@ﬁ@d%m%%t%ﬁ REd HeGwbh g@ithjrkel @bmpbahdns t he

c

el ement driving the assenbly of 1VLN/ onpl exes. The MNAI. can bind to a
subst rnat eatsuhowamelow Eatoad Y tindhg fojlowing sequences the bases i bold hybridize with

the assembly facilitator, bases underlined form part of the catalytic core of the assembled
MNAzyme, and bases in #falics hybridize to the subsirate. The “-P” indicates 3’
phosphorylation of the oligonucieotide.

SEQ ID NO: 1 Partzyme A4 Xd-P:

20 | ACTGGATGTCCATCTGTCTGACAACGAGAGGAAACCTT-P
SEQ ID NO: 2 Partzyme B35 Xd-P component 1.
TCCCCAGCCGAGOCTAGCTTATAC-P
SEQ ID NO: 3 Partzyme B stabiliser arm component XdS-P:

CTTCOTGABGETEAG-P

25 L.2. Reporter substrate

[ 00279] The reporter substrate used in this example was SubBi-2 end-labelled with a
6-FAM moiety at the 5’ end, a BHQ1 moiety at the 3’ end and designated SubBi-2-FB.
Cleavage of SubBi-2-FB was monitored at 520 nm (FAM emission wavelength) with
excitation at 490 nm (FAM excitation wavelength). The sequence of SubBi-2:FB is listed
50 below (5’ to 3%); the lower case bases represent RNA and the upper case bases represent

DNA.



25 nodify it. As a result, the substrate was not cleaved and fl uorescence
did not increase over tine in the presence of KENAI conplexes (Figure 5
(iii)). Conparison between reactions containing the assenbly facilitator
conponent®? BO8HRPSE2 (Figure 5 (ii)), with those cont & HF I HEHSsenbl y
facilitator FI and the activity inhibpor (which incorporates the F2
sequence) (Fig-ure 5 (iii)), denonstrates that the presence of an inhibitory
domain 30 wi thih ah w@st ividyginhibgtor can provide a tool with which to
regul ate enzymatic activity by driving the -assenbly of MNAI conpl exes and

preventing t é(%fi"?é}éqﬁtg;lﬁcc%%bbﬁﬁ MNAzriies. WO _
2008/ 040095PCT/ AU2007/ 001517 75 [ 00301 ] Thus an MNAzyne, - designed to
foint in e presenc ly facilitator F1/2, generated

i ﬂslsgnez%g&/gmn%fa Al FBAT

fl uor escence. é enonstrated that the assenbly facilitator F1/2

coul d be L1 nt.o two par |, il r d F2)
and retai E&H’?g ]cglgjz?cfeiqs‘}e’%g ngrﬁgé@ﬁgﬁzgh glfé%?%)llngg g%e%cagt?h %@%ﬁ‘?y f‘ﬁﬁgaé%{]ve

4 N_AzyﬁreMiliAsz H&g»e;(baero ) M‘ﬁistade@ms}sm?ilmof aab |ﬂ1ﬁﬁhﬁt¢h@@m§tﬁgﬁﬂt€8ﬂmb_ aﬁtabi lise
active ynme formation and cause f] uorescence, provi .1 he in

adj acent SR Diuplspseoee HaCT s s S @%‘ﬁ’s@rm&%%ss@%}éga&%ﬂ?’y@xapéﬁ ments,
perfor rredtayéégegoniuggnti cal reaction conditions, denonstrated that no
increase I n fluorescence over tinme was observed in the presence of assenbly
facilitator c . trshown). As such, this exanple
denonstrates %’%@?8@5@5&%&%0@%%@%%%@ into active MNAzynes can require
t he presence BECOITTTPRAGCTCHHIGASAETASAEABRYATHEFFATIBIFETTREERA

mul ti - conmponent assenbly facilitators are required, the presence or absence
of onegor 1Adtackhin Chedigomonponents can be used to control the assenbly of
active MNAzynes and as such switch themon and off. [ 00302 ] It was
further dieexngreaetbhivh ah thctabeinbly ifadilithiot owasTmheasurbd byowh dnpesseemt | 5

MNAzyme assenbly hy hybri dj si to artzyrne and .di srupt.ing,the.secondary
st ruct ur eflgpregoRgt ﬁ‘%ﬁ?ﬁé??‘ﬁﬁg é?’ C{;%@gf \Rgm%srg%‘ﬁ%F ﬁ%sgéﬁelqyttg‘fﬁ ?IXQ‘%BX%WE on a
partzyme W%é@&mngmekezhﬂtﬁ%'ﬁyﬁﬂe hatii@nay amti-e aed ¥ kdiM oseee bf gures 4

and 5 as exanples). It would be appreciated by one skilled in the art, that
an i nhi bi tlbrsactivhsewas 80 adulReatsiong eeiqpendupied i 5P Tdioger FEUOHEhOF TR zyme A
or B, and Liher.t lr..0 303 ]
Mol ecuf’es Giglgi&e%i |t ercfigl)‘ é {?r?/S?' ygif%rhelra%};f‘%ggﬁs({na%%r%rzlgkn%fr}étE g%ﬁtoﬁi!i%rr ag(?[ % %gjrrponent S
and assenbliyutéaill isheios Sonkined Mfbnkn4XdFe 260hM BaKdFe 1usROR tBuffeedul at e

the assenbhly of _active i nactive states suc S an i
Transi ti o BAHEResYeemy % gﬁ]ﬁé@gﬁ t“o?a@%tqo%}mf(’%ﬂﬂ&i %8??%%@8% (such
as MNAI ) Gansid Rvigle: & nechani smfor creating a nol ecular switch, which can

be regul ated by alternating between the active and 25 inactive
conformations. Such nol ecular switches could be applied to the control of

nucl ei c acid r ephlGaUIBRFASERIRS ih MO RcGeadipnlpl € 4), or to the

regul ati on of._autononous therapeutic _diagnostic and conpytational
nol ecul ar scal e devices. Various protocolis which can be enpl oyed to i nduce

the di ssoci AkkRA0E' | AssRAE! Ei@iiabt 9ONUC! dakindeccamponent dre di scussed
t hroughout this docunent. 30Fxanple.4: Signal.Cascade using DNA (SCUD). |

00304 ] Onej nechani $sm for generating an MNAzyne replicatign cascade

desi gned fof g 200 nM of X&-T 200 nM of XdS-P
(i) 200 oM of Xd-T No stabilizer arm
(iii) No assembly facilitator (water | 200 nM of XdS-P

conirol)

20



target anal yte detection uses the SCUD cascade strategy. The SCUD strategy
can be incorporated into cascades in a variety of designs as illustrated,
by way ofw@¥@emloees in WO 2008/ 040095PCT/ AU2007/ 00151 %A tHo@ifoes6, Where
two IMNA conpl exes are incorporated, ig Figure 10, where three MNA conpl exes
are incorporated; and in Figure 11 wh Pe both MNA conpl exes and a DNAzyne
are incorporated in a cascade reaction. [ 00305 ] The SCUD nethod relies on
the abili thf Resubrondssoinbine asse MEVAzywies e thepreSenguas Yl gardrdielNid 4 om
conponentag&%% quh@gé#des present in the mx. One format Il bf SCUD is
depi cted i |§}P§ . This SCUD exanpl e describes a general nethod for
signal anmplifi.cation. 306 e.schema. of the nethod, known as SCUD
(S gnal - CLSPAET LRy oA S GRRRE Gae FperiGes BXgtts Ah cHEPea

fol | owi ng vepaRERERY §i the eddetiord(Rbdadonl (AP EluRd Rhdtive MNAzymes assembled and
(Reporter-Inhibitor-Facilitator) containing three regions; a. an activity
i nhi bi tor FHepsrthe pubsikuty. @8R GATeEcaaE Rupsesgense oVemane dnsowfast, fhest | y

bei ng an iy i.0hj Bi [.NE&O ' |.F: 38

or ovi di ng PP il D B RleahI SR ANGRROL A SRl Sy ElTRRA BRI, )
an acti vafogura$sefythyr, f taeiprdstiatcoot thongabiieat af2 bvashshehvnf ©r bs camntid dsisent i al
conmponent .of MNAzyne 2 . a substrate daonain. | ocated between the R and
Fob dommi ATl G AR BUAETES Sdoy o PGP IR REOT SoBro kRS ARAEE,, (1 1)
an assenblye {saGhdll EatikoE GIPeReR lackeaht biabilis@akh Z2¥ P8 Sert 3RdbLS ifeator M ng
active M NAzynme | a structures Qqéé‘ln t he presence of 20 assenbly

faci | i Pat &r Dmpresogiicctyebymocashionefidnpiiee Ahy ach thap jates nlibksprsonand
present i L et [V, i f eavi ng
REF i nto Af CRRTES eanaeatie STrie MR, ARG SARRTh ek bl 0 he
MNAZy e aetstabilisyr drmhiobipboery wet tlectn aid cembioefi doapbhastige foe et shog Iengtlew
activator assenbly_ facilitator conponent, F2b. (i.Vv rtz s capabl e of
PR Y e P S R B R A R S
assenbl y kagbbittahRkaeRRANaMs (F2e Bdliseamiplso tRetdbiRer aedniehénal or
assenbly facilitator conponent F2b. The Nhﬁ}yne 2a in turn could cleave
nore REF [is@n geseridnl obeereotiddorsseniili of artiva NGz anesais dias evstm, Myichy me 2a
self replicat.i ] escent signal anplification. [ 00307
T°In the Saaqan-fRefiRasatlyaticn s Hal

y way of exanple could be a target nucleic

acid, [ 00283 ] Further, when an alternative assembly facilitator, which had a single

nucleotide mismatch with the partzyme sensor arm was included in a reaction containing
partzyme A and the two components of parizyme B, the fluorescent signal did not

20 Increase over time (data not shown).

[ 00284 ] This example demonstrates that MNAzymes could only form in the presence

of a fully matched assembly facilitator under the conditions of the experiment. One
skilled in the art will appreciate that transition between an active MNAzyme and an
inactive MNA complex can be regulated by providing fully matched or mismatched

25 assembly facilitators, Further, the example demonstrates the use of two-component
+ partzymes, which comprise a first molecule that contains a truncated sensor arm, and a
second stabiliser arm molecule. The requirement for the presence of & stabiliser arm

molecule in such systems, provides another tool with which one can regulate the
assembly of MNAzymes.

30 [002857 Great flexibility is afforded by MNA systems which contain multiple
oligonucleotide components, the sequence of which can be failored with respect to the
melting temperature, the sequence composition and complementarity or lack thereof with

other component oligonucleotides. Shorter sequences, including but not limited to,



30 the partzynmes for MNAzyne 2a would forman inactive conplex, MNA 2i,
with intact REF. In the presence of target analyte, active MNAzyne |la would
form thus cleaving RE' and |iberating an activator assenbly facilitator
conponentV E2W84#0th woul d then be free to associate ar?cFTbﬁ%‘c%Wém’és%orrponent
of an active MNAzynme 2a. Since MNAzyng!l WO 2008/ 040095PCT/ M32007/ 001517 77
2a can further cleave nore RIP, this would initiate the replication/signal
anplificat, &ﬁﬁl@m i §1B; MNAzY ; | P

nol ecul e, b?}%@ﬁ%ﬁponeﬁt{s S‘Q%g%?in%/a;%rﬁﬂ%%bﬁ%g?gﬁbl y f gl?i I%igsteglltb g?gﬁﬁﬁzrtgaﬁi red
for foini abipeneofs aeparfinilazlymesfuDia thie aspgcityd tyeinesmiioed. The MNAzyne cascade
results in the assenbly of MNAzyne 2a conpl exes that are identical to the
par ent MNAz ¥vempli 2 R egalnpponeiibsassbmbly aad @isobsenphogfbéNg apeméacat eanpy MNAzyme

2a catalytic activity. ,As such, th roduct of.t MNAz y c|l eavage (F2b)
Co bie Lo et S s bR of RO AR B &

sel f-replicating system which i se;apdr@antabyhbc. o[ 00309 | SCUD could be

initiated by either nucleic acid targets ( RNA), or other target

anal ytes (ppgi nﬁm&@ﬁﬂelasgzﬁibépmecﬁsa%&&am bin Si8ebSEHRHLA BY @GRSl | nked
w th an apta- yme System Since the reaction is only initiated in the

presence df riseaorgiell imfraipytates cant prpyidy b aeeshanisre shithi wiueh fooywittbtiee edtditicand f or

identification of. t et anal.yt es. .l . ' jtion
bet ween sta‘étﬁ‘%@ ngthel %ZWS'[ ?%%mgnaffaz‘ﬁeﬁ’ﬁﬁg‘ﬁ“’&% #%&%%%ﬁ%@%‘%&%ucl eic
aci d conplkexede ekiibitddao bailOemanghidrs aal thesstdtechni ques such as the

pol ynerase chain reaction, or the |igase chain reaction, MAzynme

replicati opozawd] sirgmal teapibiufd Gald @fthlry (SCLIRLI @FUob EBW) OfoPrthd ekdtn®dNzymes t o
facilitate the process. Further, the ability to control and regulate the

cat al yti c (adeidization)ort fmasprencas phgomelpatides, ard/ ol QasbtticoetiyBhpenght s,
2 B facee
such as staQhl, Fheﬁgga@%gﬁgg&t%gp@@mg@%nggg o?é%t'\/iﬂ§§ gfs@asu&@mwnt S

al l ows the asse y e tight ul ate y conditions and
conponent swof hetfoenaedniIE tioe toipesitire nvere Bpeamphige For ADRAEme iasyenmbly Bad/NAzynes

to detect non-nuclei¢ acid | yt i.ncludi ng . s mol ecul es such as
adenosi ne &g’fﬂ-\iﬂi}’;}ﬁ%%lg%ﬁ "léwc’%gf)éfgaieldﬁﬁgﬁfgp% Waqlzéi%? QI 6.6t randgd DNA or
RNA nol ecul vol.ved ji.n vitro from.25 | ar.ge pool s, of random sequence

ol i gortdicl 3851%%8215 fr%fi f’lﬁgm R af¥meEy o Iﬁ?eldﬁ’ggtéfmé’@faﬁgﬁaf’ t \Xf?lﬂoqﬁl h
affinity angdosRreekddsqidk ¥xariiil, IBEStzRAYE iNQRTNnSQLEEL drh 05mbdiehis apltbl i ty to

bi nd specifrcal IE/ to mang types of analytes including proteins,

car bohydr asembly jagiligors,hbit plesing dase copperigor and/ar eliggnislpeiiedengity afipys

exanpl e, n c ISP COLROT abyhde ofr,a RaLLZye

(apt a- parigl %%% at?ng% %ﬂ#ﬁ%u?@%?ﬁﬂem%ggy@aﬁo ac?i \}%% glps)t a- MNAzyne was

only foil NDEdzimed toenopoeiydrce aofully fenaot fllat off’ Istambet. rafiee iteliawe ferever al
sed |

\é\?gipg@ a\%ﬁh%dgﬁ(in? gf %clrt}:vﬁ% gﬁ%‘%l’g d%lin%gl#g%gggt%%stse}ng GRY HEws mogulgﬁti]% c];fqtiu! ow ng

temperature range over wiich the MNAzyme response occurs.

{00289 A rise or fall in temperature from one that is incompatible with MNAzyme
activity, fo another that is compatible with MNAzyme activity, would be detected by a
signal generated following substrate modification by the MNAzyme. The readout could,

25 for example, be fluorescent or colourimetric.

100290 The MNAzyme compiexes could respond to temperature changes by cleaving
bridging oligonucleotides, responsible for causing the aggregation of gold nanoparticles.
This would allow development of a simple colourimeiric device capable of detecting
temperature changes. One skilled in the art would appreciate that the invention of simple
39 devices using MNAzymes for temperature sensing could be applied in many industries

including, for example the pharmaceutical, food and agricultural industries.



WO 2008/ 040095PCT/ A U2007/ 001517 78 [ 00311 ] The nucleic acid
ol i gonucl eotides included in this exenplary apta- MNAzyne detection strategy

are illusvoasmdsdoss Figure 7 and include; a) a standargb-pafdegyiees;zb) an
apta-partzynme which is a partzyne vvitl9 an aptamer incorporated into 5one of
its ends; c¢) an assenbly facilitator ich binds to both the apta-partzyne
and the partzyne enabling assenbly of an active MNAzyne; d) a reporter
substrat ef 084%d ] &neapppdissinrnLyulil nihvdie op-petkagoisuen ddhdeymhi ichipéryird-di ses to

the anta- JORALLEVIR L8 LEGANANN S B0ANSAmb AR npALL ST (Ehe, gPt arer

sequence an I'ng arm o uence.

00312 ] | Eloieﬁe uﬁ&&eﬁgﬁomatanteﬁ@bﬂamé ofonkitigand(«(di guie Fefripam@n) (thex, the
assenbly | bitor ali gonu(ieotlde bi nds toc{h apt a- partzyme thus
preventin WS SPBE AhERG SPneres & sigaaly huel D thF evmpedp s #ilhct | vat or

l'i gand; (FEGMILly/ fo0B 308 Inebds %)mmtaﬁewﬂﬁﬁ's¥@%ﬂi{beﬂaﬁﬂ@ﬁlﬁ1ﬂslﬁx%§5}g¢lgt SRRt Wi th

t he apt aner sequence of the apta-partzyne, thus preventing I ng of the
assenbly fasdi mUtkbbe amﬁazieﬂdw pgMavizote igmparptias-MosPz pambleoofadsgifibhe, t hen
bind to a?dcﬁh rate such a$ta MNAzymes can only form and

cause fl uoresc %Wegéi%sé’?naes’m Fﬁ%n%*i%%m esence of an activator |igand.

00313 tr manstrat ed usi n det.ecti on, of, ;
ol ooure | élb%.ﬁT 1%8@?%%9 TREE SEPSRTS AT Sraro St SrteBtin el i of i s
exanpl e hapuheefs PIRIh QLS af g&@fa! ea@ka@gyb@ &gltckm@hye SRAGKE éenfn%r ol@l ndi ng
of ATP and dATP (Achenbaeh, 2005, Huizenga and Szostalt, "1995).

Par t zyire YN4bmse| @orndi et A saeh| YINCaEIIPi 15ae0bly agnd ﬂﬁPﬁSWblﬁr%ﬂUId be
ol i gonuc @&ftﬂoﬁ@@b% Y é—rflh]e éfirtéri:?rts QYrsereta bt b \Ru PRt AR SuGEIURRRE Was

adjoined to t
include, but are not limited to, the presence or absence of component partzymes or

assembly facilitaors, salt concentration, pH, divalent cation type and concentration, the

presence or absence of additives, and temperature.

15 Example 3: Mechanisms for facilitating and inhibiting the assembly of active
MNAzymes or MNAL

[00293] An MNAzyme is composed of partzymes, which assemble in the presence of
one or more assembly facilitator components, to form an active enzyme (e.g. Figures 1, 2,
4 (right hand panel), Figure 5 (i) and (i) and Figure 9 (left hand structures). The
20  assembly facilitator(s), which binds to partzyme sensor arms, can be a target analyte, or
can be a synthetic niucieic acid molecule(s) added to the reaction mix to drive MNAzyme
assembly. In addifion to their capacity to coniribute to active MNAzyme assembly,
partzymes can assemble info an inactive, non-catalytic, MNAI complex when they
hybridise with an “activity inhibitor” molecule (Figure 4 (left hand panel), Figure 5 and
25 Figure 9 (structures to the right of MNAzyme structures)). Various alternative
oligonucleotide sequences were tested for their capacity to regulate the assembly of either

active MNAzyme complexes or MNAI,

[ 60254] In this example {(depicted in Figures 4 and 5), MNAzyme assembly.r was
examined in the presence of (1) a single molecule (assembly facilitator F1/2), or (ii) two
30 molecules (assembly facilitator component F1 and assembly facilitator component F2),
whose sequences together comprise that present in facilitator F1/2. Facilitator F2 binds to
the whole sensor arm of one partzyme and overlaps to bind 4 base pairs of the sensor arm

of the second partzyme. In another reaction, an “activity inhibitor” molecule, which has a



25 of a partzyne, to produce an apta-partzynme nol ecule (Figure 7). The
sensor arns of the apta-partzyne and the standard partzynme were designed to

bind to a synthetic assenbly facilitator, included int r ti to drive
t he asseNft $¥P40/NAzymes when targets or regul atory ar?%‘@g(%g} Eﬁgresent.

The sequences of apta-partzyne At pA2/713 and partzynme AtpB3/1 are shown bel ow
(5" to 3). Inthe follow ng sequences the bases in bold 30hybridize with

the asse pegy Emmlﬁaéén tiigiatoadayt,i ¢ core
of the ag%é%r{fb]lfcggﬂ %zy%magﬁﬁﬁégsﬁggﬁjnﬁll tal |c§ g/rl c?lllﬁjtge1 to the substrate.

I'n addi t i was testhiliop GO S5O0 GEROTE KBIIOUPIEUS BSPmbY G5AENAT PHUNERFn text in
partzyme AtpA2/ 1 indicate a DNA aptaner sequence that can bind to ATP or
dATP. 3.1 SEQrtpnMNOligdiZnchgptidesPar t zyme A2 At pA2/ 1:

AACGTACACT GCACCCGGT CGAAATAGT GAGTACCTGGGGGAGTATTGCCGAGGAAGGT 5SEQ I D NO 13
Partzynme [BR206pB34h khe momﬁ@&@%mm@rhm@m@e [witho $E5asperypls

sequence of the assenby C|I|tato is shown bel.ow (5! WIDNO
14 Assenbiegilifaien prses A%Rééﬁf&g& @éé?fcéﬁ‘é%ﬁil%\ ’00316
The Sequeﬁfﬁeba%és ﬁlhz?al 95?‘&@@3&0 tﬂé"k@sﬁr@d&"?‘l@ ¥ GO mtidatatd’ dRoiphosikaiva diel ow (5'
to 3'). 15 Assenbly Inhibitor AtpR/ 1: CCAGGTACTCACTATT 12
Report er &aabhgmmmboﬁddamﬂ ] Apta- MNAzyne activity was nonitored by

cl eavage of a dual -1abelled 15 nucleic acid reporter substrate. The
reporter subs$EQiR N®6: Ratzpneddipia4/2L: SubBi -1 -FB with the sequence, 5 to

3', as bel ow. Jﬁcép@r{,\f@érl | ngﬁg@&ﬁgﬁ@@% %&@d?t he upper case bases

represent DNAC ases—tndrcat e position of a 6-PAM noi ety
at the 5 end QL _noi e .3'" end. Changes in fluorescence due
to cl davage ﬁg(gg%%fg - Z&Pekﬁ%@%%ﬁg‘%ml eoti de between the PAM and BHQ
wer e noni t or edgatch2f: 2% omcCEANEeREACEEAT TR GHTRATRORIIGH-Bxci t at i on at
490 nm (FAM excitation wavel ength). SEQ ID NO 16SubBi-1-FB:

AC—I—CACTATQM%%I@L&Stmw
[ 00296 ] The reporter substrate for this example is SubBi-2-FB with the sequence, 5’ to
3’ as below. SubBi-2-FB was end-labelled with a 6-FAM moiety at the 5° end and a
;s BHOQI moiety at the 3° end. Cleavage of SubBi-2-FB was monitored at 530 nm (FAM
emission wavelength) with excitation at 485 nm (FAM excitation wavelength). The lower

case bases represent RNA and the upper case bases represent DNA.
SEQ ID NC: 4 SubBi-2-FB: ARGGTTTCCTCgulCCTGGEGCA

3.3 Regulator Oligonucleotides.

s [00297] Several molecules were tested in this example for their ability to regulate the
assembly of MNAzymes and/or MNAiL. The sequence, which constitutes assembly
facilitator F2, is also contained within the sequences of facilitator F1/2 and the activii‘y

inhibitor and is in bold and underlined.

SEQ ID NO 8: Assembly Facilitator F1/2:
25 GCARGTECEGARGETETAATCCGTCTCCACAGACRAGEGCCAGGACTCGTTITG

SEQ ID NO: 9 Assembly Facilitator F1:.GCAAGTGGGAAGGTETARTCCETCT

SEQ ID NO: 10 Assembly Facilitator F2: CCACAGACARGGCCAGGACTCGTTTG

SEQ ID NO: 11 Activity inhibitor molecule:
ARGCTTTCOTCETOCCTAGGCACCACAGACAAGECCAGGACTCETITE

30



5.3 Target or regulatory analytes and control nolecules [ 00318 | The
activator |igands used for this exanple were adenosine 5 -triphosphate
(ATP) an osine 5'-triphosphate (dATP). Guart i ' -t ri_phosphat e
(GYP) 25qgﬁg %@g?ne 5'-triphosphate (CTP) were used ‘éb&@ﬁgngéjcontro
nol ecul es. AII nmol ecul es were purchaséd from Bioline. Nucl ease-flee water
was used as a no analyte control. 5.4 Reaction Conditions WO

2008/ 04009 PCRLAIGE U)ok oried amtDm oiikaink WM B e B3@ag), 1 Ons were initiated by

the addition of substrate and the total volunme of all reactions was 50 p

Prior to $ubsjsratl Redl NS thiori® bf NERBELRBS1HRRE Wik Spdridetbaloads aimB0 C for
5 mnutes (to reduce secondary structure). Reactions were conducted at 47 C

on a FLUCERBFechPilniay BusoBicst defy) t0’E¢I fﬁ@*@@c‘éﬂh@@@ Pb50elehRe®tipriae®iton was

i nal “conTem PR TOaraind St Ao esnohe s 1 e BE O RiERR 200
riMAtRR e B0QeaMhiSuibBiab ‘SE@Bl—??B”@iM ;Lll\@CiL%AMEBQLU@%)Tﬁﬁ§ réddioPBifuR and 2

nmM of either ATP, or dATP, or P, CTP no anal'yte (water control).
5.5 Resul pgntm@es@d@itli’(‘é&B@;ﬁﬁﬂl(éﬁﬂ@é@lwswﬁﬁ Imlﬁmg%&%eﬂ\/igwslﬁmee io [
00320 ] | S S seen
whi ch did %@%f%??lg,gg@ r%ffrer ggg%%% /r atl ng {hﬁr {1) %édJﬁhMg f;% giéﬁof ATP,
t he assenphyilifathifle, ar (Y e&mmt/[eﬁ‘ Aﬁema@smwomomm@ and 400 nM of

apt a- M\lAzyms/substrate conpl exes. he presence, of

P dATP
f1 uor esceRESER Erciliiior spyRenenivy or £m? ARG By Hil]A‘h‘@ %%MQO %«?fggt es
that the La@ganba;wgmﬁﬂa&oge&ug n%ﬂtmdsr(\zme%éah ﬁ%jcﬂl&!tc;QATP and ATP and an 15

active apta- MWNAzynme was med. Assenbly of the apta- MNAzyme was
Ilganddepgqpeﬁgglgn t he presence of GIP or CTP a |low | evel of fluorescence
was seen which did not |ncrease over time. The fluorescence observed in the

presence ?BO%P ?’Ehqus nh:;!ea{:orhﬂn tp:r 5| gp%%ﬁglﬁdrégﬂlafo% d&m)ns rral I ATP

or dATP i € no gan ter con es t hat
MNAZy res camp@ﬁmﬁ@Mpmedmﬁdeamﬁdnnn&nﬁ@gnéﬁeAd@ﬁ@nmnmmunZmnnﬁmanagmﬁes in an

approach that . fic for the target analyte. This exanple
Pt hor | JGHBHSYS at BEbithar DAL R SlegV b8 A BY o et 6o R ORGSR o
controj; t la%&%&%&tﬂly f&ﬂztﬁ&ﬁ/ﬂ[ﬂéﬁ%%}),@@@sﬁeﬂ@h ATRtER RSBV sTHS] @hd
activator gan nmol ecul ar regulator in this system [ 00321 ] One

skilled i ﬂ’fzt( % (uA) INo ineresg it Beoresaence ofier YRS ahOksprveh insthe ebsgpeaf <can be
25 flexi bl 11t-£[t}a§\g%gﬁ£ Vr)ﬁ%sbt% oﬂ&&'&e@%}ﬂtaﬁdaséeﬁ%b?y Fa' {11'&&51" r?e@g ngat5a1w9 3') of

ei t her of es co aining partial catalytic core seq lences.
As such, bhanas&midahwiugoﬂm;:tmhcm bumﬂinr rah be sphanaapmaltnpér shoeigi Guoilawick t o

ei t her the subst rm( he subst or the.sensor arm (that
bi nds. t ho CABBRTRBI, WRiGATE SUGr o Pttt pBPRer! e ChaR o SR vand thi s
exanpl e), .the inhjbitor blocks binding of the substrate., In the |atter

desi gn2” t hOOZH hhiNBi {sFeasio i “EFW@%F‘%Flna‘iaﬁg"bé?f"? Vel $i8Hn % TPALEPTS ¢ at or
with the aph@y %Yerﬁﬁvﬁsﬂ%h‘iﬂﬁ%f ehOrRimaul &1 pIreMent @ppenhat @t Rgiityve

MNAzynmes. [ 003 The Titerature contai ns sequences for a |lar e nunber of
apt amer s a;letp@b:lremo celetipdudeaghermpgnensempes fotilitaival % dhen Hieesdiit

proteins, CSI%{QE&%X%E?%HOH &'qgalte B&]OB”E to facilitator F2 is the element dnvmg the
assernbly of MNAI complexes. The MNAI can bind to a substrate but cannot catalytically
25 modify it. As a result, the subsirate was not cleaved and fluorescence did not increase
over time in the presence of MNAi complexes (Figure 5 (iif)). Comparison between
reactions containing the assembly facilitator components F1 and F2 (Figure 5 (ii)), with
those containing the assembly facilitator F1 and the activity inhibitor (which incorporates
the F2 sequence)Figare 5 (iii)), demonstrates that the pressnce of an inhibitory domain
30 within an activity inhibitor can provide a too! with which to regulate enzymatic activity
by driving the assembly of MNAi complexes and preventing the formation of active
MNAzymes.



WO 20081040095PCT/ AU2007/ 001517 81 nucl eoti des, whole cells and viruses.
Aptaners to all these types of analytes could be linked to partzynes to

detect a ver%ﬁgl verse range of nol ecul es. Reaction po&@ﬁ%&@%ﬁégﬁgfer

t enper at SFe2 404 ent cation concentration et c), whic ible with
bot h binding of analytes to aptaners (6r apta-partzynmes) and cl eavage of a
reporter substrate 5 by an MNAzyrne, can be determ ned by enpiri cal

testing. g') 089328 ThMmAﬁﬁﬁé Vids¥n€d o bierodutiat ?dsdﬁie tofiean @spedly or
addition of the assenbly inhibitor. Changing the oligonucleotide guence,
the nelti rﬁg:ﬂtt@mp@ﬂ&t, \eecraind fbpre&%ﬁ@ﬁeﬂihﬁaﬁt}@é‘ﬁkc%ﬂ%ﬁﬁ%@éh%ﬂ%ﬁs @8 |'ati on.

The hybri elg,cé at%.tloﬁg @. oui}aeagasﬁﬁ lt?ﬁrl I%Q{Eé ngge(Px{bl zltcmtﬁmaéb t§F§falf1@9§ ed by

many fact t'to co tration, cat|on
concent r atah@retaih EERRpAkLH It@dzaa@dthb hssepblyd nﬁdy@calbtw&mbﬁ‘b@tzyamh'ﬁqgv@gr ( eg

DVS0 As such, entities_that affec br at r de.a t for
cont Z olsl i r%e PrRoasagBbpipGlisg Capjg?%e?gncﬁ%{‘ygt%’f I}‘Sl%/l\ﬁ 13%#%?‘2@8% OIF“@% Od]Q The
assenbl y Q&elﬂuﬁ)?c%?eh %mlt%y'bﬂm Ji ot t@Bachldieh oMb abORORasranaan be

removed by physica I pulation, for exanple, by exploiting either
physi cal [Subpgntit wpaﬁuentatnea%h@@ wisice tiensicalsrepgsioacesngiions, steefd/ or by

expl oiting inherent Lo ertie e

negative %F?ér“ﬁe Y %‘q %Oﬁcgencgnp %%e%ﬁ&%s?@l%g% 'ﬂ% ﬁrgsefngé %iﬁ%ﬂ;ﬂr

S}M tch, WihgGhats emlﬁoﬂéwoo?)zzl aﬁy\@iatmndm sxgam) aat suair;] trms anapla danbistpiee tkml th
cl eavage activit 5 A no ar switch exploitingt tic
act i vi t¢ egswmbf X/vé f pRIEZEREE ‘ﬁl%a‘?t’é’e égﬁg‘ﬁWF%éﬁp FrAYER 8‘}3? é’rﬁel%fhgfeﬁuﬁ ? Y
reaction ig,l n@tﬁéenlaﬁy afaolMélﬁ%szewwéﬁ GHIGRBBbRAY s HhURNAGDRIcH nikg

ollgonucleot e Into 2',3 -cyclic phosphate and 5' - hydroxyl products. The
second r eaequimd, ik p{@dﬂ@t @dabssnca 0P prrEore ghdhese Gpmpencaiswap ibgased to

ar e known PRETHE BRenSar Wﬂ@%@ﬁ%@ﬂ%&‘%ﬁ TRe 00 ™ ana ~72ug

| i gases (Prl 26 t. igo 1/2
can be clé 3@2 yﬁaY‘fésl\/ﬁﬁEgl)ei‘gTé’S‘foﬁ’fi d%’ ava;gc Y %bl?égn%hﬁg%e Eg;ro\feg{go 2,

t hus regengrabimg ademBly BYBbtigishRos @ ba’@g}n&mﬁdh&sﬂﬁmmgl thpseoohilatisstrushireh can
participate in a subsequent round atl on. yrne ligase can then

use the cladvaljechibatEiesVasissElsY %%’E ?8?“1??15’3{ i ?}ha P&“ﬁ% OcdH ligate
the first 19%’1@ i %tfbld Qﬁyﬁlvﬁﬁtdeg?lgh}estépaxﬁi 5 8¢ ohehpMs). gnritalend | de

product 30 | go to cre I'i gation product which has the sane
sequence mpmbla@d 8y @ne swi@dmcsat enObesPCnhiiRao Frbgwscpuld be designed fo

hvbridise to either partzyme A or B, and to either the sensor or substrate arm of partzyme.

2 [00303] Molecules including activity inhibitors, partzyme stabilizer arm components
and assembly facilitators or components thereof, can be used to regulate the assembly of
active MNAzymes and inactive states such as an MNAi. Transition between states of
activation (MNAzyme) and inactivation (such as MNAI) can provide a mechanism for
creating a molecular switch, which can be regulated by altemating between the active and

.5 inactive conformations, Such molecular switches could be applied to the control of
nucleic acid replication cascades (Figure 6, Example 4), or to the regulation of
autonomous therapeutic, diagnostic and computational molecular scale devices. Various
protocols which can be employed to induce the dissociation of a specific oligonucleotide

component are discussed throughout this document.
30 Example 4: Signal Cascade using DNA (SCUD).

[ 00304] One mechanism for generating an MNAzyme replication cascade designed for
target analyte detection uses the SCUD cascade strategy. The SCUD strategy can be

incorporated into cascades in a variety of designs as illustrated, by way of example, in



82 phosphate and a 5'-hydroxyl term ni. These could be |igated by a set of
16 DNAzyne |ligases into 16 new unique ligation products (i.e. each
conbi nat ikg®,@keRkdsgonucl eotides 1, 2,3 and 4). [ 0032 ﬁﬁjz it I
MNAzyres cou@ cl eave one or nore of Ee 16 ligation gi)rdér/uc?@dggﬂgl i gos at
site(s) other than the original junction between oligonucleotides 1, 2, 3
and/or 4, provided the m ninmal sequence requirenents for MNAzyne cl eavage

are net. PERrekavhsTetva MaNARREysEes o Brekpraied) in Bigurer Bs v thieeddNde of a
purine pyriniidinae,. i 1i - Aty I g i Wit hi h bstrate.
00320 ] A Ek At VR Ll i e I SR A b B e nd or

t he Jo MNBXNArpmeare insepoaedid gedstaie rgretduct s from previ ous |igation rounds
as its assenbly facilitator. As such, new information (input) data produced
by the Ii§agiosn dfhedSCYDmethodtrélibeoncin ity es egnirgletie "Haably by sthe
MNAzyme. T MNAz y . fhen cleave "wite" to produce a new out put

pr oducf , Hﬁﬁ%@@ ﬁlﬂngﬁﬁg& %‘ﬁn CeFBeERECgBY R tday pireEt Enthe mERLInBTPHp UL

li gati onsgr 9dUBt i deRBilatih $Mued 62V8id itoD REAAHE! 4L t n those
originally in thle g%ol of s%ugrti ng Srg)tF ecul es?ﬁcdggé%%gésgghégoﬂ%ﬁ ?(t?re or
recode newgeriepplifiesignences. [ 00330 ] In sone enbodiments ligation by a

DNAzynme can "wite" input data, for exanple, by nmaking new assenbly
facilitatpf@06qdr Gompomentitht rethedfknamwn ML Kigme] Cagadd ndideDNA) s by

interrogatyng thednformation.encoded within the assenbly 20 facilitator
usi ng thehhlﬁ%t?{}ﬁgl%uéﬁétg?ntﬁlpﬁg{e %ﬂoglme‘gé‘n then "write" data, for
exanpl e, a, new acle e praduct) thys creating new out put data
whi ch 1?:anﬁl :f‘lgll’"f‘l %@%&2@%( @r%?ﬁ% 21 NG RCOREIBE HBPG 18EIRPRg t he

sui tability of NLNAZYENg&te MRG0/ RHOIUGRD dofhaBEhURL B8 AURSH Hakesyd or the
DNAzyne ligase). [ 00331 | As such, this MNAzyne/ DNAzyne |1 gase cascade can

form an automaton. Suehfigéybursamscsvidaivhiviter whercionvppraiadgnto BB emdt i on from

one forminto another i 0 i RrOC re., ln.thi,s case the
procedures are encode%ﬁcg}%cg?hgrvg%fgteadﬂ%§&§%dég%gﬁlsw}%eélt Sr%avggfcfflgr t he sensor
arns of the MNAzynés anabiBMAzysserably fgiiss: commO33X b wiickalutranat on, whi ch

was capabl e of sol vi n%ac ngut ati onal bl ens was devel oped by Benenson et
al, 2001, using DNA a etg‘ra PURRPRER ) YE%Hstriction 30 endonucl ease and

a ligase). The restdigkiiRRa8R0RRYIRRIBGIeAURR G FAoUbhens twiafded DNA and
the protein ligase |ligated the cl eavaggwproducts in a cascade reaction. The

protein enzymes servethasge tlgaved iyedhea M Aave the IBNAzmedded t he
" Sof tvar ey T8 M) RARELD409SERGTAU2007/ 001517 63

(iii) partzymes capable of forming active MNAzyme 1a structures only in the presence of
20 assembly facilitator F1, which by way of example may be a target nucleic acid present in
a test sample ; the active MNAzyme 1a being capable of cleaving RIF into RI and F2b
components, thus generating fluorescence, negating the MNAzyme activity inhibitory
effect and concomitantly generating a new activator agsembly facilitator component F2b.
(iv) partzymes capable of forming active MNAzyme 2a complexes only when the
25 partzyme arms bind assembly facilitator component F2a adjacent to the liberated activator
assembly facilitator component F2b. The MNAzyme 2a in turn could cleave more RIF
liberating more RT and F2b thus creating a cascade of MNAzyme 2a self replication and

concomitant fluorescent signal amplification.

[ 00307 ] Inthe absence of F1, which by way of example could be a target nucleic acid,
30 the partzymes for MNAzyme 22 would form an inactive complex, MNAi 2i, with intact
RIF. In the presence of target analyte, active MNAzyme 1a would form, thus cleaving
RIF and liberating an activator assembly facilitator component F2b which would then be

free to associate and become a component of an active MNAzyme 2a. Since MNAzyme



i nput and aut omaton were progranmed by selection of the appropriate DNA

sof tware sequences. The autonmaton proceeded via a cascade of restriction
endonucl yage, hybridi zati on and ligation cyc g a

det ect abﬁ?@ @%\ "ol ecul e t hat encodg% t he autonatonh)gia}%%%{ggg%g?e and

t hus the corrputatlonal result (Benens et al, 2001). 5[ 00333 ] The
MNAzyme/ DNAzyme | i gase cascade could be used in a simlar manner to the
cascade ulzdubjurBencrswnmete RIF, (i00wpldaintiathtls joplsalide/signd evipdidicetigrabl e of
sol vi ng congia%atl onal problens. Unlike Benenson's device, a MNAzyne/ DNAzyme
| i gase ca%®t requires no protein enzyrres to achieve the sane results.

Wi | e Ben evi ce was 0 ra e‘s randed DNA, a

Vi Nazy e DR i 42 VUG e P lsri s 1O CBRISa By SRS SOPRREY |
sequenceseacm?&&t{@hbrhgsehmy £%A1R5:6) rekiiie:d ot fmhtzémﬁewoﬂmw@b epkiodr(s), the
substrate arns and/ or the sensor” arns of the MNAzynes and the substrate

ar s’ of Dhmzmmm @h@wmme[ca@@@@wsqltsmﬂm@méﬂy eiddizrmstla complexes

MNAzyr ne/

ol i gonucl Eot i g%grét cg'g??cggéaéa(sjég rre% Eg% q{‘Sﬁ%o ﬂ#’ﬁ‘g I ﬁ@?‘:ﬁ%/ orepfgl ner easi ng

t he di ver gédeyat@f by mﬁmhaaalcaﬂahzablaesvm{ ﬁ&OQﬁB @elmomeoémmwwmme DNAzy e
l'i gases can be cre Str onent and or

i nactive ge %g/é%/q% %ﬁ%lﬁ 6’5@&'%{ ngpaé mzty%ﬁnéﬁcm%?clplavl ty

i nhi bi torselpfé ﬁc’fhtm? eéﬁp{l,}gmg@mtégaﬁ&qﬁrc conponent™ resulting in the assenbly
of MNAI ("off" sta §%% Alternatively a DNAzyne |igase could attach a sensor

or 20,5 “bgééﬁ]@g AAOD Qo@d PR ufn%x)ﬁ@@ b§ ARANE kit é%;&fa?%se(m ), SMbihgh for

MNAzymes by pronoting assenb as illustrated in ure 11 aspects (ii) and
(iv). In aamgrtthealy‘resrbndnmmmaﬁt mglemwae if] thg§§éﬂbstmtmt\a@ﬂnéwé @qtiesrce

| abel ed wi th noi_et hat on| n cI

capt ur ed, i?t?jll\/ﬁg%%‘? éystteﬁl n%jmge olfea% Ihg% m)l &t §Pe§%1§? f\ltglj Qin a
radi o- f r egugney ip@nEkd € tkdhelgde rf&dd@edh@n faﬁﬁl/dm idatieica8ombe tzﬁd;@oma@rmsc
control of hybridisatigon. This al%%?)ach woul dm%I | ow sel ect.ive, rermvtal of

conponent ThbFEIAICS datal g Hi§ HEBTIOROPEI?IR S HTBRIGISHIWE nds/itatqncO
activily. mliﬁ{coﬁ-ﬁp ‘tﬁ’mclél@ QoidChinMlekat, | DRI ﬁaf%et %ﬁﬂlﬂﬁh&ﬂe@%h&ﬁ)'sﬁc}g@ﬁ at ur ed

from an l'ex allowng transition to the active MNAzyne state. [
00336 ] | ﬁlesmﬂ%rﬂn@ﬁﬂwdhamewa@ldm gatheoigaby claxl@wy@m Mﬁﬁzm iredicatigipend dat a,

for 30 exa mak I n t her eof .
An I\/NAzyrr%l ana‘m?éi atzont ﬁg Sgﬁél‘% r%%&@? I%Ge? r oegat I t he 1& @H? gﬂatc%sr%coded
within theuﬂﬁesetﬂalabﬂftﬁcrbldohabloandmgngtettme qaeaizvtmymmrts?dm\aﬁmm@ ddirey MNAZy e

hus o eabFit MERPBEEAUS (8PACMRIC I Caf SWN 3008 0 S000SFER AUBBBPPOD1SL7 84

then be mﬁﬁampxmﬁp&feﬁﬂs otk DAEYRERIb]Y BRRESARNNASESHd Akt SehiiRd b Y
suitability of MNAZyne cl eavage products to serve as a Substrate. anpl e

7: One exewplitiny aud eanepogerts fothe Hompprapaednd MNAI nol ecul ar switch. |
00337 ] The assenbly facilitator required for active MNAzyne formation can
conpri se t\Exmlmrfgfpémtwn#ﬁtﬂ%t}mgﬁrtmédtamtzpmdeml@!aé}ém&daﬂmabsence of

an activity inhibitor eotldec ro, fonitation of M\A
structures. One skill @’H“ilﬁm e eﬁ?’fd’ 19 e"“éTP 531% %h‘fsﬁg‘ffet here are many

ct ot ur ebOT S nbRAer o 0 s“%%%%&%ﬁ\@\"%o%@gféf cRaited & e B

St ructur esrge S 8810A - s MM ce BliEMEI 16 B Ees %ﬁh&b emcityntoﬁnﬂwmegéa am@ytéPanel s A
to D, strucfures to the right of the activ es). This

denonst r ated e edingy ra%}‘étsﬁ‘?fé’@cﬁyl Potes }éﬁﬂ’elhﬁeiFF?j‘éFﬁéi tpr 6%11’31@3’5@&%4 ures c
(MNAzyTre) Fﬁé&ﬁ'éﬂll}(f W’n’)ang P38 hnahies MMRYAE 13&ths Nealtin$aGRe RNt was

made up o partzyme
nucleotides, whole cells and viruses. In this example, an aptamer sequence was

incorporated at the end of a partzyme (apta-partzyme) in a configuration whereby an
0 active apta-MNAzyme was only formed in the presence of the activator ligand, There are
several ways of achieving this goal, including the strategy used in the following example,

which is illustrated in Figure 7.



RO5A4/ 2 and 5FAC2B5(6)/2(16), which are designed to cleave the reporter
substrate 15 SubBi-2-FB foll owi ng assenbly directed by two ol i gonucl eoti des
called Assenbly Facilitator | (FAC2) and Assenbly Facilitator 2 (d6p-1).
This exp&f? At *%t%50 shows that the formation of conpl&XeUEEHIETEI ng an

activity inhibitor produces MNAi conpl®xes. 7.1 Partzynze O igonucl eoti des
20 00339 ] In the foll ow ng sequences the bases in bold hybridize with the

target nu¢loebrl hclhk funieiaadé phtonutlacides ialwied s gguenraplsy apihaseszpnder | i ned
formpart of the cat alp%t,'ic core of the %ssei{{%'ed MNAzyme, and bases in
italics hySFEFiin sy eiieutmpidiatierestyd ings 17 Partzyme A ROBA4/ 2:
CAAACGAGTCCTGGCCTTGTCTACAACGAGAGGAAACCTT 25SEQ ID NO 18 Partzyne B
5FAC2B5( 6) / 2( 16) : &JT GOSN @B AEGCT CTGT CCGAGGCGTGAT 7.2 Reporter Substrate
[ 00340 ] The reporter substrate for this exanple was SubBi-2-FB with the
sequence 5' to 3'b) asatbwiopartzue Bihich iFBpeteyrernvith abaltired indotoraiedinRA M
noi ety . at the 5 g&d(}fq@%a&, 30 BHQL noiety at the 3' end, C eavage of

Itore

Sub131°2- FB was non at 530 nm (FA_M WD 2008/ 040095PCT/ AU2007/ 001517

85 em ssion wavel gngth). wt XGitati t .4 FAM excitati.Q

wavel ength). The i%oweaf‘) %aﬁbqﬁgagggm?re‘ﬁ@g%glﬁfls %@%’gﬁg aﬁﬁé’%@ﬁ’é@“@éﬂ% bases
represent DNA. partzPQechDiNDassémByBian -t MIAG#hd TOCTCguCCCTGGGCA 7. 3
Facilitator and Activity Inhibitor Aigonucleotides. 5] 00341 1 The

sequences of the @sseqhbyrtdrachdrbledidr s used are witten below 5" to 3'. The
| ower case bases represent RNA and the upper case bases represent DNA. The

Iseﬂug_n ;:e in comm@ Fgénvﬁﬁé?n’tﬁ? SEIRbY o ERG LI RE Whidh IR alsBeo A dpvd -t Y
nhi bitor are in bold.
10 _ partzyme in a region which spans at least part of the aptamer sequence and

part of the substrate binding arm of the partzyme sequence.

[003i12] In the absence of an activator ligand (Figure 7, panel (i)), the assembly
inhibitor oligonucleotide binds to the apta-partzyme thus preventing it from binding to the
substrate. In the presence of an activator ligand (Figure 7, panel (ii)), the activator ligand
15 can interact with the aptamer sequence of the apta-partzyme, thus preventing binding of
the assembly inhibitor and allowing an active apta-MNAzyme to assemble, then bind to
and cleave the substrate. As such, apta-MNAzymes can only form and cause fiuorescent

signal generation in the presence of an activator ligand.

[00313] The strategy was demonstrated using detection of a small molecule, ATP. The

20 27 nucleotide long aptamer sequence used in this example has been previously reported as
being highly specific for binding of ATP and dATP (Achenbach, 2005, Huizenga and
Szostak, 1995).

3.1 Pavrtzyme oligonucleotides, assembly facilitator and inhibitory oligonucleotides

[00314 ] In this example the ATP aptamer sequence was adjoined to the substrate arm
25 of a partzyme, to produce an apta-partzyme molecule (Figure 7). The sensor arms of the
apta-partzyme and the standard partzyme were designed to bind to a synthetic assembly -
facilitator, included in the reaction to drive the assembly of MNAzymes when targets or
regulatory analytes are present. The sequences of apta-partzyme AtpA2/1 and partzyme
AtpB3/1 are shown below (5’ to 3%). In the following sequences the bases in beld
30 hybridize with the assembly facilitator, bases underlined form part of the catalytic core of
the assembled MNAzyme, and bases in ifalics hybridize to the substrate. In addition,



Activity Inhibitor SubBi-6-TRB was end-|abelled with a Texas Red noiety at
the 5° end io and with a BHQR2 noiety at the 3 end. SEQ ID NO 19 Assenbly
Faci | i t atx@y 20884468 d6p-1: ATCACGCCTCg SEQ | D NO 20 Assamwhixefaecitbitator 1
(F1) FAC2: GACAGAGACAAGGCCAGGACTCGITTGGSEQ ID NGO 21 Activity Inhibitor
SubBi - 6- TRB: 15ATCACGCCTCguTCCTCCCAG 7.4 Reaction Conponents and nonitoring

of MNAgne, activi.ty. .00342 egl., L1 moni t.Qring of NMNAz activity was
per f or medPHH P%a%ﬁfHWﬁ%ﬁe(@%%éﬁ { ;}‘Fcfﬁﬁ agb ﬁ%tagra%}eég%%eg%y@gﬁ GHETS: 25

u. L. Reac{y gnsovesernonitored isothermally at 52C for 30 m nutes. The
reactions were initiated by injection of the 20 fluorescent substrate

SubBi - 2- FB ( S5mh mofdk: 1_9'A‘Hta—§%‘tdgiél§0m Abgimy.t he reaction mxture. The

reaction m xturé contained | x PCR Buffer 11 (Applied Biosystens), 50 mM

MyC12, 208, 8dr0f: 86 Ratda R RA0MIGA cand - DEASERNM 8) 12 dnc 2@ e M of
facilitator FAC2 and either 200 TIM of the assenbly facilitator 2 (d6p-1)

or 200, nM of $ﬁ3]ﬁ%ﬁi"vﬂ‘%ﬁ%ﬁgé’?bm@é@yb& -6-TRB). 257.5 Results: [ 00343 ]
e, senbl y

[
In this exanp the as acifitator is nade up of two oligonucleotide
conponents. FrylEEC T SRB.CHTTERRIRECEEEERSent ati on of the structure forned
by the MNA, nanely the active KNAzyrne (panel B structure c) and MNAI
(panel B B60AIStjurEredpquelibeo N Azpembly dapilitates istshowabgewlif ytof3dci | i tators (F1
and F2) and two partzynmes for WO 2008/ 040095PCT/ AU2007/ 001517 86 assenbly.
Al t er nat i vel ySEQEDaBD:i Mi Agermbiiyiffititator Ak)C/tan bind to the partzynes and form

an MNAI structure. 00344 In this _experinment incubation of the partzynes
and two assen%?%c‘%% QW%%TEICAEHP&T&§BfESUI ted in the fotutation of

active MNAzynes, which cleaved a reporter 5§ substrate and resulted in an
ncr e | 0P Blor BSCemSECRche (R HETRY SREBPE IRETEIPIS0D SAMEESIOMEm 400 t 0
900 units@o.ykvn contrast, incubation of the partzymes with one assenbly
facilitator (FI) and one activity inhibitor (1) resulted in the formation

of MNAI str ucé]?(g\%éi% v'eisc%ggc@%l? %}&!"%ﬁ%remtf’ﬁﬂgbﬁg&é?‘%%i%f er substrate. As

a result only | ( Increase in uorescence was observed
over ti rreiyléepmgaps%%%lrétge drift of approximtely 20

[ 00317] Apta-MNAzyme activity was monitored by cleavage of a dual-labelled
15 nucleic acid reporter subsirate. The reporter substrate for this example is SubBi-1-FB with
the sequence, 5’ to 3°, as below. The lower case base represents RNA and the upper case
bases represent DNA. The vnderlined bases indicate the position of a 6-FAM moisty at
the 5° end and a BHQ1 moiety at the 3” end. Changes in fluorescence due to cleavage of
SubBi-1-FB at the ribonucleotide between the FAM and BHQ! were monitored at 520

20 nm (FAM emission wavelength) with excitation at 490 nm (FAM excitation wavelength).
SEQ ID NO: 16 SubBi-1-FB: ACTCACTATaGGAAGAGATG
5.3 Target or regulatory analytes and control melecules

[ 00318 ] The activator ligands used for this example were adenosine 5’-triphosphate
(ATP) and deoxyadenosine 5°-triphosphaie (dATP). Guanosine 5’-triphosphate (GTP)
25 and cyiosine 5’-triphosphate (CTP) were used as negative control molecules. All
molecules were purchased from Bioline. Nuclease-free water was used as a no analyte

conirol.
5.4 Reaction Conditions

[ 00319] The presence of the activator ligand was measured by an increase in

3¢ fluorescent signal caused by cleavage of the reporter substrate by the catalytically active



to units (from390 to 410 units). The assenbly facilitator (F2) and the
activity inhibitor (I) bind to the sanme regions of the partzyne since they

contai n gRHERGLERGHENcCe. However, the additional inhi ce which
is present on the activity inhi bi tor, [{but not on the ?sé@%%ﬁﬁﬁ@&lﬁﬁl itator

F2, results in formation of M\A structures. Rermoval of this additional
|nh| bitory s ence fromthe activity inhibitor can result in generation of

an 15act i VAFOYINALE®ADLIRpaginas (WaraigHatid by Abe additionnef abdirate omdothertembval  of

i nhi bitor REAUENG i hi from active

MNAZy mes YRS AP RREOK MRS ALTEEMA %ﬂ?’%‘%{ Wﬁj@& s PARATS W81 ecul ar
switch. [ ng@Basd ]at'lﬁﬂe"@sﬁerﬂalngmmas: i(foi taatmr sgcondHry Gsd-uétufe) agkiciendNAzZYt ne
formation S8 nent_ o onucl eoti des. The presence
or absencé&® @C%ﬁr%d!icq i°%i @ipﬁlﬁ) %,oﬁsm f‘%‘éﬁ;gr@@m d@u‘éréﬁ%c‘reof%teéch he

f or mat i;on r@ktiddNAas SdaliUsbr ©Secofderos KithlaBsr lmlﬁlﬂﬁesa@ac?{vféahhd’ %Xgﬂﬁéaea t hat

there are many designs for such MNAzynes and exes. anpl es of

active 1MiRRZSapsenitatign 1of 208 I@Mem@ﬁéwn 20% nM dupB3/9, (Z%MM étpC/l 020) nMeft hand

si de strugf S)60 S ur (Panel s
Ato D strnotursy PYESINESLRh, MEMOKECE 3 BRI SRER 7 it Tekint ¢
25denonst edlitae 2 TPHos@ASP rarci iR, esCTl?Pbtmwt}eﬂ(wa‘ﬂerlﬁogmm 9 panel C structures
e (MNAzyne) and f (mtcriki). [ 00346 | The MNAzyne produced in this

exper i nent. SRsubie deiadtiof il olrtone oPSHBHYNEB rbfNoPHBtrd2) and
5FAC2B5(2)/6(33)) and three assenbly facilitator conponents, Facilitator 1

(F1) and Fae3diilt duche 2bdehd2)f ATE oFa&Thist 18k qEve o@ﬁ%&es.%ﬁeeswé’»so@éﬁ%%éﬁem al so

shows that,k the foimati on of conpl exes conprising an activity inhibitor

( SubBi - 2- FiS) THCIEa PYTE 4Bt sdemwpm}m&ﬁw (iF3he chsrnpr 08U, Nhiiasseuirhl exes.
WO 2008/ 14898 7 ucl e tides 00347 ]
In the follow ﬁggs%%ﬁ@%ég%% Oafgdétsi% %ptg%e/g gﬁg\&mﬁ% F?Fe%i’ get

nucl ei ¢ apiegencoo! 48 eord TR, abd ﬁumreacaﬁ)szmhwesﬁmgb&)andbaﬁne&mﬂwéj fimed form

E;LJ; i 8{ Z;lﬂgics) %x?tﬁgaltés@t}%%t E.ngub?{or% gongglgc%% Wwas displacgggj’/ dg'rl]"g azblg ?XQI‘SP zlanrc]i alnt alies
15 active apla-MNAzyme was formed. Assembly of the apta-MNAzyme was ligand-
dependent. In the presence of GTP or CTP a low level of fluorescence was seen which did
not increase over time. The fluorescence observed in the presence of GTP or CTP was
similar to that observed in the absence of ATP or dATP i.e. in the no ligand water control.
This example demonstrates that MNAzymes can be coupled to aptamers for the detection
20 of analytes in an approach that is highly specific for the target analyte. This example
further demonstrates that an assembly inhibitor molecule can be used to control the
assembly of apta-MNAzymes, and that ATP can serve as a activator ligand or molecular

regulator in this system.

[003211 One skilled in the art will recognise that the design of this strategy can be

25 flexible. The aptamer can be incorporated into either end (57 or 3°) of either of the two
partzymes containing partial catalytic core sequences. As such, the assembly inhibitor
can bind to the aptamer region and to either the substrate arm (that binds the substrate) or
the sensor arm (that binds the assembly facilitator). In the former design (Figure 7 and
this example), the inhibitor blocks binding of the subsirate. In the latter design, the

30 inhibitor would prevent binding of the assembly facilitator with the apta—partzyme and
therefore would prevent assembly of active MNAzymes.

{00322] The literature contains sequences for a large number of aptamers capable of

detecting many types of analytes. These include proteins, carbohydrates, lipids, prions,



SEQ ID NO 22 Partzyme A FACA4/6(22):
CAAACGAGTCCTGGCCTTGTCTACAACGAGAGGCGTGAT SEQ ID NO 23 Partzyne B
5FAC2B5(2) [ 6(33) : CTGGECAGGAAGGCTAGCTCTGTCCGAGGAAACCTT GCG 8.2
Reporter v@hg&{;rp@pg | of 00348 ] The reporter substr at e%@%ﬁmml e was
SubBi -6-TRB with the sequence 5 to 3 8las bel ow. SubBi-6- TRB was

end-l abelled with a Texas Red noiety at the 5 end and with a BHQ® noi ety
at the 3' netiebtides, aahﬂgeelbfmﬁubﬁbe% Kﬁﬁnmstomﬂnﬁhb@rteﬂesamf zﬁﬂﬂ}rtempo(u}femas Red

em ssi on veI e %DQ excitation at 585 t % exci t| on .
wavel engt dEeq A WLy AEiSTSSaRee ?gﬂ ﬁ@eﬁ hé‘e Io8rcop ’Qnsoas es
represent (Qrﬁ"fe% eraﬁn@@aﬂe@t Nelon Zbn @B arbetdBihiATH4 (Pga £ 56 HGBCAG 8. 3

Facilitator and Act ivity Inhibitor Oigonucleotides. [ 00349 | The
sequences befinghed aasiytartiv ppiraens| (Pt attopeiaysed adecienvigs ehe FEPOW Fostae 3' . The

sequence §mﬁ pe n @a&ggﬁ F2 and Activity Inhibi tor
are in Zobgg'ﬁ : %X}V\@r%dase Ib eﬁ epcrae{se%%]% RNA and t he upper case bases

epresent e ool UL LA SURBHOR T BRSLSEELR e
Assenbl y Egeibiyt @h@[toﬂjhﬁ?g‘h&’g @%&@@%ﬁ&m&lﬁ&(}hb EhdNDig @ﬁlpé@aeér‘ahcy
Facilitator F2 d2p-1: AAGGITTCCTCg 25SEQ 4 Activity Inhib

SUbBI - 2- FPBEOnREIaETT PCTeHY e Ee T aRBEaiooE rbvlmélzaﬁen A%@er%‘repﬂbbaeilrbr%t or F3
FAC2: GA‘%%@IA‘%AW%%E%@TE; ci‘nzu:ry factors, including but not limited to, salt

10 conceniration, cation concentration, temperature and the presence or absence of additives
{eg DMSQ). As such, entities that affect hybridization can provide a tool for controlling
the assembly and disassembly of MNA complexes,

[ 00324 ] The assembly facilitator, assembly inhibitor or other MINA components can be
removed by physical manipulation, for example, by exploiting either physical properties
15 of attached moieties as molecular “hooks”, and/or by exploiting inherent properties of the

oligonucleotides, for example, negative charge, or sequence complementarity.

Example 6: A molecular switch, which uses a DNAzyme with ligase activity and an

MNAzyme with cleavage activity.

[00325] A molecular switch exploiting the catalytic activities of two DNA enzymes is

20 outlined in Figure 8. The first reaction is mediated by an MNAzyine which can cleave an
RNA contaiming oligonucieoiide into 2°,3’-cyclic phosphate and 5°-hydroxyl products.
The second reaction is mediated by a DNAzyme ligase, which can lgate 2°,3"-cyclic
phosphate and 5°-hydroxy! products. Examples of such DNAzymes are known in the art
and include, by way of example the “7Z81” and “7Z48” ligases (Prior et al, 2004).

25 [00326] In the simplest format, oligo 1/2 can be cleaved by an MNAzyme into
cleavage products oligo 1 and oligo 2, thus regenerating 2°,3’-cyclic phosphate and 5°-
hydroxyl products, which can participate in a subsequent round of ligation. A DNAzyme
Ligase can then use the cleavage products as substrates for ligation. A DNAzyme can
ligate the first oligonucleotide product {oligo 1) to 2 second oligonucleotide product

30 (oligo 2) fo create a ligation product which has the same sequence as oligo 1/2,

[00327] In e multiplex format, several oligonucleotides, for example four

oligonucieotides, could be cleaved by an MNAzyme into products with 2°,3’-cyclic



WO 2008/ 040095PCT/ AU2007/ 001517 88 8.4 Reacti on Conzponents and nonitoring
of MNAzytne activity. [ 00350 ] Real tinme nonitoring of MNAzyne activity

was per f araresbsomode Smart Cycl er (Cepheid) in a total g@agiieneyghume of 25
p.L. Reactions were nonitored isotherngdly at 52C for 30 m nutes. The

reactions were initiated by injection of the fluorescent substrate
SubBi -6-T | of 1,111Vl sol uti i nt.a .t reaction mxture. The
reaction )g%pgxra % 8C:ngnat ér@&o ny}%WBﬁﬁ%sgrcoﬁﬂﬁ lfe;llg%fq%gﬁ' %?%égﬁeﬁ@%zme i nM

MyCl 2, 200igabds6fito a@alewRaK dueyiFetidn 20ddd 2.2) caBR doabAGRRR 2) k&R ht:d200 nM of
Facilitator FI STAB, 200 nMof facilitator F3 FAC2 and either 200 nM of the

assenbl y fadithdfht or F2 (d2p-1) or 200 nMof the activity inhibitor
(SubBi - 2- FI%?' 108.5 Results: [ 00351 ] In this exanple, the assenbly
facilitatdrf0B38 hraddditigndMNHeaeotduifbelorieanie denaconptndatligatisa grudectd shows

a schematig; r i f i : re formed by the cojpl exes,
namnel y@?heo(hgétgiﬂvsg‘é%@éﬂn@% %lgr?égﬁé%é%#%&étﬁ g eeeé)"ﬁg‘ﬁﬁ“%&&é%s(lp e?n(@?rsﬂ‘f ructure
f). The Mybawdme theominies! tdyueecasqerdioyptsl feiliNsaiae dampenert se{ Fikor F2 and
15F3) and two partzw%for_ asser?l of catalytically active conpl exes.

Al 't er nat | VEFPPIERC, P IR Or P SaRe T AEnGcook Aeupae tyyirEdinand form

an MNAI - StiddGidiécRide bt 01930 ake kit &R 1RHRBELAENL i ncubation of the partzynes
and three assenbly facilitator conmponents FI, F2 and F3 resulted in the

foi mation rghyact i )ﬁesmﬁé{gé %ﬁé/cﬁs%aé/%gn&orne&%ﬁ‘t?{/ g%%ﬁa{&r% /q?ngtio 330

resulted in an i ncrease | n f. rescence over tine O I OXI nat €
units {of r dviNAapme gam g theiligajon fradustn tfroas previone lipatonaueks e apasnibly nes

with two y facilitators {Fl and,.F3).and one activity i.nhibitgr (1)
resul ted i nélt?tgge%kf of F %ﬁatg ‘i’ll%]h o W@PPU@P’E#%S%QWF@HC@:I’@ ﬁ‘ﬁabg@%" | eave
t he repor tofigomuhstidatan bé&e@gﬁjgedﬂ‘ﬁea@’rli}ythqu\ﬂn&_@?/xﬁ&. rag ko Rxngk éAChease in
fl uorescen was .observed over tine with a baseline drift of approximtely

e
40 units (48m ‘Bfﬁfelt?’ JO 1OAUSHI & BYW PHEURSEWHYL ynd/at information.  Sorpoaenterd F2) 25

and acti vingabnhidbdofealiindih & 0§ Z:E’E?d Led f . Aar. .si.nce they
contain corrrmnﬁgequence_g._ Ho%\lgveré,}1 toﬁ aéllgll&t %%@ngfeﬂ_icﬁﬁpﬁgﬁgfglg%ﬁgﬁé% ice whi ch
i s presentthn thahehesst drigitalyi infibdopacd rof shutingmumioleouied, ven as senbioyrefvats bi t at or
conponent _E |ts in formation of MNAI structures. Renoval of this

addi ti onalr”c‘l%ﬁﬁfr‘%??%t%t Sse%eﬁ%‘?%e fromthe activity inhibitor can result in

generatio n activator assembly.facilitator F2 compopent. As 30such the
addi ti on ke | S8t Fﬂ%?@%%?@‘vg%%aﬁ%éeéﬁéﬁ&ﬁ % X1 R 4% fi8
swi t chi ng ekuryte,aet indRinb™MABY i9@sbll FadiiNAicss, U MblnpandheY Sidreof, VB MNAzvme
2008/ 040095PCT/ A112007/ 001517 89 Exanple 9: Anot her MNAzyne and NMNAI
nmol ecul ar & fe@f. the data, by interrogating the information encoded within the assembly
20 facilitator using the partzyme sensor arms. The MNAzyme can then “write” data, for
example, a new sequence (a cleavage product) thus creating new output data which can
then be “read” by a DNAzyme ligase (by ascertaining the suitability of MNAzyme

cleavage products to serve as substrates for the DNAzyme ligase),

[00331] As such, this MNAzyme/DNAzyme lgase cascade can form an automaton.
25 Such devices are capable of converting information from one form into another,
accerding to a defined procedure, In this case the procedures are encoded and directed by

the substrate arms and/or the sensor arms of the MNAzymes and DNAzyme ligases.

[00332] An automaton, which was capable of solving computational problems was
developed by Benenson ef al, 2001, using DNA and protein enzymes (a restriction
30 endonuclease and a ligase). The restriction endonuclease cleaved the double straﬁded
DNA and the protein ligase 1igated thé cleavage products in a cascade reaction. The

protein enzymes served as the “hardware” and the DNA encoded the “software”. The



[ 00353 ] The assenbly facilitator required for active MNAzyrne formation
can conprise two or nore conponent oligonucleotides. The presence or
absence vity inhibitor oligonucleoride can ghormation
of MNAI g%?g@%yg@g% One 5 skilled in the art will I‘EC(%I’II se twgt there are
many designs for such MNAzynes and conpl exes. Exanples of active

| vi NAzynme structures are shown in Figure 9 (Panels Ato D, _|eft hand side
st ruct ur ed¥PUEY ﬁarﬁ fowmagm WF‘«T&P@@P@E’{@G?%(S%EF%%%W IRTOPTIgler eNG s(oﬁaﬁéq s Ato

D; struct ;éé@%t% & ThefidB0bn {ocgtil?i@d 3t Y8 MDA YESNion gﬁ'&tﬁma

denonstra ose struct ur l'ustrated In Figure pane st ragg’t ures g
(MNAzyne) habuddiddgioh apNiliajion Fydd@35wdpciihe dwémbheoutputtzmlscuww emreddd was

T TaETHATET 0 B SRR S 1
h 4SYNTB6 8 i
S a P IR AN hedTEB ATR LSMTORLRl

(B6/ t ag( 13) ihe chythdd s 8 B%@erﬁsbﬁe@ {sz@tfbj Hd ARG rantlaé Dlevide ARIACANbLY the

truncated sensor armof the partzyne (4SYNTB6/2(8)) thus stabilising the
MAzyne céapbertionthereegaiblplikaSepinsan orderips. awdNdnpeieNtsy® ligag F2. 9.1

. _ _ h
bases” i n SR OHEEE S Wi pira R apniblh b e sty PR OREaEER
facilitat Gibs)lcseﬂlsemg(aﬁ“)medbhye@auhhdﬁrdnﬁmbd)lﬁﬂr 1] pmm;aie/mmzﬁaé dlgyéd ¢ core

g];th P%o%%%%gpmenﬁoﬁ%%ﬁ%ﬁg%l salcp.tle%lczlasc Slnch éj 9 Irze?caélglet trkltg @%Elst rate.

CAAACGAGT@?E%I@%@E ad/br the sensor arms oPEE MR edndPart zyme
B 4SYNTB6/ % 25T GGCTAGCGAAACCTT 9.2 Reporter Substrate [ 00356
] The repélitet sty s of PNAsymetligeseéxanpl e was SubBi-2-FB with the sequence

5 to 3' as below SubBi-2-FB was end-|labelled with a 6-PAM noi ety at the
5 end and OQBEHQﬂnrmiOéiteyemb0¢ﬂm@nmme@ﬁﬂmme@%é®emliﬁa®&se@eléaﬂMO

T oot S8, ARSI B L8 Ml Aol 05
upper gaséndbasasg iteafivessmnit, dcular libraries.
[00335] In one embodiment, DNAzyme ligases can be used to create or destroy
components of MNAzyme and or inactive MNAs. By way of example a DNA ligase
could attach an “activity mhibitor” to an “assembly facilitator component"’ resulting in the
assembly of MNAI1 (“off” state), Altermatively a DNAzyme ligase could attach a sensor or
20 substrate arm fo a partzyme component fo create an “on” switch for MNAzymes by
promoting assembly as illustrated in Figure 11 aspects (ii) and (iv). In another
embodiment, the DNAzyme Jigase can attach a sequence labeled with a moiety that aliow
oligonucleotides to be selectively captured, for example using a biotin group or the
moiety could contain a radio-frequency magnetic field radio to facilitate remote electronic
25 control of hybridisation. This approach would allow selective removal of component
molecules allowing activation or inhibition of enzymatic activity. For example, the
activity inkibitor can be selectively denatured from an MNAI complex allowing transition

to the active MINAzyme state.

[ 00336] In some embodiments ligation by a DNAzyme can “write” input data, for
30 example, by making new assembly facilitators, or components thereof. An MNAzyme
can ‘read” the data, by interrogating the information encoded within the assembly
facilitator using the partzyme sensor arms. The MNAzyme can then “write” data, for

example, a new sequence (a cleavage product) thus creating new output data which can



WO 2008/ 040095PCT/ AU20071001517 90 SEQ I D NO 4 SubBi - 2- FB:
AAGGTTTCCTCguCCCTGGECA 9.3 Facilitator, Activity Inhibitor and Stabiliser

Armdig ides. [ 00357 ] The sequences of the ly. facilitator
corrponen&ggg@@@‘}ﬂgg’e witten below 5 t The | omera[’cscgrz@ﬂééoggﬁkepr esent

3.
RNA and the upper case bases repr esenté)4Dl\lA. 5The sequence in comobn between
Assenbly Facilitator 1 and Activity Inhibitor are in bold. SEQ ID NO 28
Assenby Fdbét ibeatread” Foy (aRGBiondl( PYAzymaNBRSSABHASTOGIMIGS BEQUIEPING: P9
Assenbly Racilitator Fl (r2pn-SYNI/cB(25).: GGGAAGGTGTAATAAGGTITTCCTCg 10SEQ
DN 30 TvE SR BESR RAGer eaesas) :

GCGCGAAGGT GTAATAA TICCT GGGCA SE r 31 ili Al A
(B0 ¢ ol 1.3y BNt e cipss: sregred o M She At TR maleetiat i

of 111 NAzy | VILLY. 358 ].. Real t] noni toring of MNAzyme activity
was per f oﬁ?ﬂog%} Lnﬂ%é‘s%ﬂ‘%qy lfgcll_l_ e&aﬁuﬁgﬁé@t AFUY9 dONGRIREr PR Gl
reaction vohipage @fo 3P Hbre ERGFIEANSH egﬁedﬁ@,@é.?'ﬁ:{eeﬁre‘séf% her fRbdy &t .f0C for

3 mnutes. The reactions were initia by injection of the fluorescent
subst r at e UG wRibRE elgonyricotde] canpromist the fyrmiation of MdNd asguttores.nDRe ur e.

The reacti . xt.ure t.ai_ne. X, P Buffer LI. lie iosvystens), 25 nmM
voers 25 oo e £ SRR rebRRt. by R BUND Sl ddoeloRel Ll BRASVRESERI ) 25,
20St abi | | SENAY. BB btagidf, acR0ONM fynfkatibinica bershbm R 5ieA( 4 8amanch 200 nM

f eith ly Faciliator Fl_ (r2p- SYNT/cB(25 Acti vity_I nhi bit
(2. SYNT) 0 2) FRgient gl et GoSmaLe o WA STRAHAD RS, ARG BLGGRSIY

facilifat Qpalehs HREL DI uEACo0HIRPMCh L] S8ve MNAzymes). This example
demonstrates those structures illustrated in Figure 9 panel B structures ¢ (MNAzyme) and
d (MNAI).

[00338] The MNAzyme used in this experiment was made up of the partzymes
RO5A4/2 and 5FAC2B5(6)/2(16), which are designed to cleave the reporter substrate
15 SubBi-2-FB following assembly directed by two oligonucleotides called Assembly
Facilitator I (FAC2) and Assembly Facilitator 2 (d6p-1). This experiment also shows that

the formation of complexes comprising an activity inhibitor produces MINAI complexes.

7.1 Partzyme Oligonucleotides

26 [00339] Inthe following sequences the bases in bold hybridize with the target nucleic
acid (or assembly facilitator) sequence(s), bases underlined form part of the catalytic core

of the assembled MNAzyme, and bases in italics hybridize to the substrate.

SEQ 1D NO: 17 Partzyme A RO5SA4/2:
CARACGAGTCCTGCCCTTCTCTACAACCAGAGGAAACCTT

25 SEQ ID NO: 18 Partzyme B SFAC2B5(6)/2(16):
TCCUCAGCGGCGAGGCTAGCTCTGETCCCAGGLGETGAT

7.2  Reporter Substrate

[ 00340 ] The reporter substrate for this example was SubBi-2-FB with the sequence 5
to 3’, as below. SubBi-2-FB was end-labelled with a 6-FAM moiety at the 5” end and &
30 BHQ! moiety at the 3° end, Cleavage of SubBi-2-FB was monitored at 530 nm (FAM



conponents. Figure 9 shows schematic representation of the structure forned
by the 25 MNA, nanely the active MNAzyne (panel D structure g) and MNA
(panel D structure h), The MNAzynme requires two assenbly facilitator
conponentVO PPFOHAY F2), two partzymes and one stabil i SEHAYR TS IEssenbl y
of catalytically active conplexes. At& natively the activity inhibitor (I)
can bind to the partzynmes and folui an MNAI structure. WO

2008/0400 : h j j ation
o 10, par Ty A S T A

st abi | i sercasg rasesarspretestiRNA. and éhef upprtasohases regessént ®NMNAZynmes whi ch cl eaved a
reporter substrate and resulted in an increase in fluorescence over tinme of
appr oxi mat el y SE§), MONCu#i tSubBi-2diR: 22000 TCeT481000T8BEEs) . I n contrast, 5

i ncubation of the partzymes with one assenbly facilitator (F2), one

st abi | i ser7.ar Raailiduer @ B8dtivith Inhibiror OlidoRkiclbéddes.esul ted in the formation of
MNAI structures which were unable to cleave the reporter substrate. Only a
low | evel Jb;@gkg] OTREl st HSARADE tHeNashrtOIE FBGRARKAs URY LOSSHLEDRVES {d B8 With a
baseline drift of approximately 1,500 units (from 12,000 to 13,500 units).
The assenbiBy Pael crehases ©pIepehdvA (F0d) tha nwpperc e4s9i tegesi tehiekint dPNAI JThbi nd to
io the sa QN : i) 1S . i hey .cont ai n
cormon sequinge il BApRE AELRR BRRIAkED, ol FY AT LA B iFC
present orbotche activity inhibitor, but not on the assenbly facilitator
conponent Fl, results in formation of MNAI structures. Renoval of this

addi t i onal Adtivhy Bittilsitey SeERUMEARS Fa0emdtineelRg twithi 4 Vexan Mebiridsty ettheresnlt in
generation of .an pvator assenbly facilitator FI conponent. As such the
addi ti 8n &Pgiwéf%rae%@érm&fy FiriRs &

switching fromactive MNAzynmes to MNAI's or visa versa. Exanple 10: A SCUD
cascade [ 0036FQIDGNE: Febssmblikacdiatgehdizadimg: AFCAMESSEG® replication
cascade desi gned for target anal yte detection uses the SCUD cascade

strategy. TheSEQUD NOr 3 sepymbhrFapditator | FdoFp6Rat ed i nto cascades in a
variety of de%h%@A@ﬁc&éM@éA%ézd%}i’f@Y of exanple, in Figure 6, where

two MNA conpl exes are incorporated;, 1n Figure 10, where three MNA conpl exes
are incorpora A0 A L gur.e 1. I . IMNA conpl exes and a DNAzyne
are incorpor a?§§ in § %Qé@%*%@’ﬁgﬁ%ﬁ%%ﬁ[&g%gaz ] SCUD nethod relies on the

abili ty to Coﬂtrrcﬁlc E@fc%&ﬁfiﬁé@a active 25 I VLNAzynes and NENAI from
conponent ol i gonucf;eo rdes present in the mx. One exenplary schema of the

|6818ry sequences provi des a nechani sm for

SCUD casc is illustrated in,Figure 10 this strate an initiatin

oV sy e o Fepdion dtmies ehbmanBegn o N Bt Thi o i 4l Arl ng
MNAzyne cl a_sybstrate (S1) t reati ng one of the_actjvator

asse?lml y f@@gﬁl a ﬁﬂ %8%(5’?9@‘&9%‘)‘% §Yr}?§ﬂ§éﬁm"? egcmf’k?? V8t mfrioERe b % d8@ adi ng
MNAzy e 1 grieiCycleMPani)  BQti1ReRi6h QBNER 418 SUDREERLEs (RA) mbRiseEr eating

an additional activator assenbly facilitator conponent required for
f or mat i on ietheemgldadi iy OVAZYP minRtes Ve, reptiany meriniteed by ddewiontdiche

gggga B%ggg&%%%%%%é%@%#ﬂggaﬁ Cﬁso%%dﬁvlrs%ﬁl%i%{l)olgﬁo th\e/\lz?caction mixture. The
reaction mixture contained 1x PCR Buffer I (Applied Biosystems), 50 mM MgCl,, 200
M of each Partzyme RO5A4/2 and SFAC2B5(6)/2(16), 200 oM of facilitator FAC2 and |
either 200 nM of the assembly facilitator 2 (d6p-1) or 200 nM of the activity inhibitor
(SubBi-6-TRB).

5 7.5 Results:
[00343] In this example, the assembly facilitaior is made up of two oligonucleotide
components. Figure 9 shows schematic representation of the structure formed by the

MNA, namely the active MNAzyme (panel B structure ¢) and MNAI (panel B structure
d). The MNAzyme requires two assembly facilitators (F1 and F2) and two partzymes for



[ 00363 ] The follow ng experinmental exanple denonstrates the capacity of
an initiating MNAzyne (M) to cleave a substrate (Si) into two fragnents in
the pres get. It further denonstrates that t {vabd@kd:Rg MNAZyne
(M) cang‘rctfg}ggﬁé‘m?%re Si substrate into %fqr agnents one of%%%éﬂ(/@l?l?) can
function as an activator assenbly 5facilitator conmponent which, together
with two other facilitator conponents (F1l and F2), can forman MNAzyne M,
whi ch is @gsabhe /dtermatiaely ithfgackvis sl Ubser dind 1o5hg payzypmsead fornat hi s
experi rren%ﬁ%«;swaati ng MNAzyme M was conposed of partzynmes RO5A512-P
and RO5B6/2- P, ich are designed to detect a section of the human RPLPO

RO6 - h - bBi : 2h- EB,
gene (Cfaiger) MBI 4 Sl RUEDL 5 SUE B By £ ShEMES
facilitatatl aonpdrenitsd FAGE RntdattoACE hitived MDAZRGeS erigel chaval ofregdier Mel

cascadi ng MNAzyne 1 conprising the partzynes CasA4(2h)/ 6, and CasB5(2h)/6.
The fulfl y S4&d@ aesaﬁ%%éné%@éﬁ%@lwww s olfrsToyHaY el o COlvBiY e t he

subst r at e (S48BIgBTHR ui%%).%f@t{nﬁ%éﬁ,ﬂﬁ%uﬂtfoﬁ%&%& PRt AIES &dtﬂ%ﬁ@%sgenlﬁ'}lr the

fol |l owi ng sequences the bases in bold hybridize w t’h the target nucleic
acid (or dssléator (Fl) and pie astivity inbbifortt eeljed ib dsdermatide of Miéa! ftochrgart  of

the catal yt.i.g cor f. th enbl e nme nd .bases in i | ics _hybridize
Lo t e, aubtliff g Saflle loGRE BRTEAGR, MNEUTPa s RGPRRETok fort ik R

ol i gonucl égir¢dein HEsedcbi@as bBseRad o2 ynimAwREaAddeBnPdrift of approximately 20
20CAAACGAGT TGITCTTACAA GAGGAAACCTT- P _SEQ | D NO, 32 Partzynme B
FOSB6) 3. PP R T A AR PO Co0d e Gety PR o5

Part 2yite Ay A B o AFEGREHEI (LG GRGRIGAT 25SEQ
ID NO. 34 Partzynme B CasB5(2h)/6:" CTGEGA GSCTAGCTA CCcACTccTACCcTCTA

10. 2 RepotthesddSistinkibiory sGNBES Whidthis rSiscrtr thRaotiefip mthéritos, v netardbe f or
Lhis exar‘r%lss%m\g%}’ Pfac%'i{%%{' -F%,h-reléu & r}‘ﬁj formation of MNAI structures. Removal of this

additional inhibitory sequence from the activity inhibitor can result in generation of an

15 activator assembly facilitator F2. As such the addition or removal of inhibitory sequences

provides a mechamism for switching from active MNAzymes to MNA1’s or visa versa.
Example 8: An MNAzyme and MNAL molecular switch.

[00345] The assembly facilitator required for active MNAzyme formation can
comprise two or more component oligonucleotides. The presence or absence of an
20 activity inhibitor oligonucleotide can promote the formation of MNA{ structures. One
skifled in the art will recognise that there are many designs for such MNAzymes and
MNAi complexes. Examples of active MNAzyme structures are shown in Figure 9
(Panels A to D; left hand side structures). Examples of MNAI structures are shown in
Figure 9 (Pansls A to D; structures to the right of the active MNAzymes). This example
25 demonstrates those structures illustrated in Figure 9 panel C structures e (MNAzyme) and
£ (MNAZ).
[00346 ] The MNAzyme produced in this experiment was assembled from two
partzymes (FACA4/6(22) and SFAC2B5(2)/6(33)) and three assembly facilitator
components, Facilitator 1 (F1) and Facilitator 2 (F2) and Facilitator 3 (F3). This
36 experiment also shows that the formation of complexes comprising an activity inhibitor

(SubBi-2-FB) and Facilitators 1 (F1) and (F3) can produce MNAj complexes.



SubBi -6-TRB, with the sequences 5 to 3', as bel ow. SubBi-2h-FB was
end-labelled with 30 a 6-FAM noiety at the 5° end and internally |abelled
with a B noi et%/ at the 3' end. SubBi-6-TRB was end- lg%g%ﬁ%%? %h a Texas
Red noi etYP APSPHE9S end and with a BH® WD 200810400¢ PRSI 001517
93 noiety at the 3' end. The underlindd bases indicate the position of the
fluorophores. C eavage of SubBi-2h-FB was nonitored at 530 urn (FA_M

em ssi on \savelPangiky OlgddrcRygick ati on at 485 nmu (FAM excitation wavel ength).
Cl eavage of SubBi-6-TRB was nonitored at 610 am (Texas Red eni ssion

wavel engt howdt 13 BXGk el REud8& thé Bhded XBSid hyRedze%ah hial Qb Mavel engt h) .
The | ower case bases represent RNA and the upper case bases represent DNA.

SEQ | D NO&acigsoiSsBnb!p freritEer) ARD SEGIYHY RO 21

s IR R P L
Caoma(3n) 6 antedonamtat S EEARRRIE T The B and F2 assendly

facilitators EAGACERETEAMSGUITCENCITRCANCBREAGCEETEAT 3" . SEQ ID NGO 36
Assenbly Facilitator FI FAC5: GCAAGAACACACGATAC 15SEQ ID NO 37 Assenbly
Facilitator FgEmOTmmms@;ﬁgjﬁarget Sequences. [ 00368 ] The
target sequence for t nt hetic ol igonucl eoti de RO6Tar get
Wbt he Sequenpesest e Gt BB R S AR SR BRI N e s
sequence as a section of the human RPLPO gene, exon 5. 20SEQ ID NO 38

RO Tar get #-2GARGETET ARIeaGT CTCCACAGACAAGGOCAGGACTCGTTTG 10. 5 React i on
Conponents and nonitoring of MNAzyme activity. [ 00369 ] Real tine

noni t aPi ng 08$4M§@T@pez@@rusvﬁ>sﬁryﬁfwvfesthpﬁewampilm'éfds SebRitfe TRRavitIChe Isequep@ephei d)
inatot alS Eoe?%s b %ngﬁgé—%%g’aspénd—iﬁ%ﬂgﬁ LS V&LERDP Hﬂotle?y gtdﬂle 5" end

and with a BHQ2 moiety at the 3° end. Cleavage of SubBi-6-TRB was monitored at 610

nm (Texas Red emission wavelength) with excitation at 585 nm (Texas Red excitation
wavelength). The lower case bases represent RNA and the upper case bases represent
15 DNA.

SEQ ID NO: 21 SubBi-6-TRB: ATCACGCCTCguTCCTCCCAG
8.3 Facilitator and Activity Inhibitor Oligonucleotides.

100349 ] The sequences of the assembly facilitators used are written below 5° to 3’
The sequence in common between Assembly Facilitator F2 and Activity Inhibitor are in

20 bold. The lower case bases represent RNA and the upper case bases represent DNA.
Activity Inhibitor SubBi-2-FB was end-labelled with a 6-FAM moiety at the 5’ end and a
BHQ1 moiety at the 3° end.

SEQ ID NO: 24 Assembly Facilitator F1 STAB: CGCA.GTCTGGACGACG
SEQ ID NO: 25 Assembly Facilitator F2 d2p-1: ARGETTTCCTCg |

23 SEQ ID NOQ: 4 Activity Inhibitor SubBi-2-FB:
AAGETTTCCTCguCCCTGEECA

SEQ ID NO: 20 Assembly Facilitator F3 FAC2:
GACAGAGACAAGGCCAGEACTCGETITG



25 isothermally at 50C for 12 m nutes. The reactions were initiated by
injection of the fluorescent substrates SubBi-2h-FB and SubBi-6-TRB (5 pl

of 2.5 ' of each substrate for a final conc ' f..0.5 uM
each) imé?(hggéog%cti on m xture. The reaction m xtur e%‘?@:ﬁ(ﬁ@g%li PCR
Buffer Il (Applied Biosystens), 25 rnMWMCl2, 500 nM of each Paitzyne
RO5A5/ 2- P, RO5B6/2-P, CasA4(2h)/6 and CasB5(2h)/6, 500 ri M of each WO
2008/ 040095PCR L4320 ToHPOLSET adtimbritiriigtaf MOV Apurepodieitt. FACS and FAC6 and
either 100 ri M of RObTarget or no target (1120) control. 10.6 Results: [
00370 ] | fi 000 IprRe@ntime ofnoRB&riig rofeMMeeryuen celivithew parpesymes BASAE/ 2- P and

RC6B6/ 2- P _f or an. ini.tiating. MNAzyne M, i.ch cleaved the S| .substrate
SUbBi 2h- FEURECA E1 (rgP 0L § WA SSHGE0H FORARCR £ e RERLE TSR SAPBR Fnt ey
1250 uni t§so€z{eﬁf§£ﬂ§1§0ﬁ°@%ﬁ 8Qniiel Shrhe TORY s_e@ﬁl%dinﬁatea ke bpssl ted in

generation o I'f facilitator fragnent ich then furictioned 1 n concert
W th the Fluoasndnf@bientd ButBitceTRB ofrpbeing’e doAfonpinth MAGEcRoOmidnee Ot Zy nmes

e O IR R M e e e
yne =0~ * usi ng an
| norease iy bivehlries gaceneaphoTeuRss R ARBs LIDIBALLY FAMBaNRIEYS (1 om

250 to 1150 units). As such, an increase in fluorescence of both FAM and
Texas Red STB, At ok oMfecibiatardsd preembeithst 200 aM af Gerssswhiydhcbtaior 2hi s

MNAzyme c e td Qn. . (] | 0t bsence of RO5 target
sequence, @%@ﬁ%?@g@\é ol(%ﬁwfﬁ]cgllélggg’%é#%l]e(sgﬁhlﬁgﬁp' S observed over tinme and

only | ow ISe eh b%c‘kground increase in fluorescence was observed over tine
for TeXas *Red™@i“¥ a baseline drift of approximately 100 units (from 240 to

340 units). ntarget is not present,.the partzyne 5A5/ 2-P an

R0SE6) 2. PLOBIGL TP pRin OF ARy VRASIE AR P A08: CRET8r oot r at e
SubBi - 2h- EBunb&neRQ! FighreCd 6@M0s aiRmbAM dpl 4OKRSGLAC B daaSRObhRCELase. | n

t he absence of cleaved Si substrate, no Sit facilitator fragment i s present

to di rect M3fwamplsnesonatael e achecMaiAryomenghe sfructywid) end W& Aifpashbed Si

substrate L - i1l bi t [L.Si Jlitators
Pace fnd SRLETe T TR SRARYEC boctirlh Byt SeciMEy SATRYEK cAIRCNR PRI | LT
an MNAi; stiBuetduwe mhizehed for iasseapbbdfeattytictlbawitivg colnpleS. sltbshiiede tHubBi - 6-
25 TRB. Conse tl he ] evel _of fluore nce Qf. Texas Red remains | ow.

e he nbsenautas gl b B w % e raint Al RER e S AC SRR of ' hoth PAM and
Texas Red is indicatjve of the apsence of the target sequence.in this
MAzyme cadtidd r%éﬁﬁieahe,ﬂ%m@ﬂﬂ oF RSV B B ti%e@g%ema i MgiliEer
Initrati ”Qoﬁ{b!ﬁém‘l??_l,eyﬁkﬁd ﬁgiésﬁY%%%é M@B%Q&%@@@é?%&ewﬁ@%%éaat Ion

and then DNAzyne |igase nedi ated MNAzyne 30cl eavage readout.
2008/ 0400953RCTENURE0TY DErsITed B ¢ pcrpase &t Jeercspgodeciver tof df {OProxigitelct s t he

f ti PG t
ol onvaide pobail AR LAAE. 5 SBLED, Aaagh B M R IERRENES 10
| i gati on resoblydaciliteed (Fannd FR) anicna asdgrighipredilatsuibd whthe formstisreefui red as

an activataor  assenbl acilitat in the aspect
A1a stmc‘sures}/ Wltugh were unagfe to Qleave the re%ortsr substrate. As a result only low

level background increase in fiuorescence was observed over time with a baseline drift of
approximately 40 units (from 80 to 120 units).The assembly facilitator component (F2)
25 and activity inhibitor bind to the same regions of the partzymes since they contain
common sequence. However, the additional inhibitory sequence which is present on the
activity inhibitor, but not on the assembly facilitator component F2, results in formation
of MNAI structures. Removal of this additional inhibitory sequence from the activity
inhibitor can resuit in generation of an activator assembly facilitator F2 component. As
30 such the addition or removal of inhibitory sequences provides a mechanism for switching

from active MNAzymes to MNAIs or visa versa.



Sindicated in section (iii). (ii) The product Aa has a 2', 3' - cyclic
phosphate at its 3" termnus and thus is suitable to function as a
substrate for DNAzyme 2a, which has |igase activity. me i ase 2a
ligates PHRMSFBYITY As generated in the aspect in sectll’%Tr‘nX[(%“W({G lanot her
ol i gonucl eotide ligation substrate B t¥us creating a new 10partzyne for
MNAzyme 4a. (iii) The product Ab functions as an activator assenbly

facilitator which dixRgIssthRd MLy Hid B ¥Rl Yigcr3a from partzyme
conponents. MNAzyne 3a cl eaves substrate A generating two products Aa and

Ab. The priaguss %Akrhea&séﬂﬁ? faem@atdwqu@ﬁe@rfoacichvatmp@gﬁ@nﬂahﬁaticﬁpchﬂtat or,
whi ch dlrects the formation 15 of npbre active a, This MNAzyne 3a

syst em r es@hpsise iwa SOUDrcatangeacni| Yltgoaueeqtides.ePhd @msm@n Cfre@d@mkof an

aml 111 catianeaeate oSSR 6as6ads pesublah AUk acaITH At on of

vat or assenb yme 3a,

and i n st heskéild umthattt ovillabeofaise Wk ciere are mmcﬂesﬁghsaﬁsz aac&uﬁslmms fa@cr
DNAzyne 2a. %B(I v) The | jgation product generated Ilgatl on of Aa and
Substrate dYSPEEAR }W’Qj’é@@e %ﬂ?@‘ ah G‘i\’)Nd&yEi’E“Iﬁa9 fow s

toget her vihdbf Ack! bl @h%nﬂlde@e}u&lu%@@%mﬁym bE %@Apstﬁfchﬁ‘%eaﬁe @h&kﬂ%{ ophore

and quencher dye pair resulting in an increase in fluorescent signa
i ndi cat i vélgire OHBanmlesd énbe sioforrer tgdhe ngioditles @@V@WAZYZQF) dﬂssmxa]mﬂlm this

a2 si ngriit Pl e B ki BRI s P Bl R o Sptlgddas T

per f or ped ¥ @INAW ng t he addltl on of further reagents to the reaction. The
DNAzyne |igase used in this exanple has previously been reported to ligate

RNA t hr oughoosbe) f gheaiiNeny:at ﬁtiﬂ@%&p&ﬁﬂér@&i@rmhdd’lﬁpgﬁ ﬁaﬁ@ﬁﬁc’é which %re cyclic
phosphate and a 5'-hydroxyl group 30 (Silvernan et al Apart_fromthe

requi rerrerﬁes’éﬂedam@ss%%% iy tHE EreRFICh Oéwz@ assynbbfy%mf@tqswegasw@ Bnapd Fhe
DNAzyme | 1g85fea® B JeBorkdh b @XAMRING) G? Lo f%%msmﬁo% ok i pee noti f
at the ligation junct beil ng ere * denotes t I gation
site). \WH42UDEBOA0DD mw@zwmm 5&:70’@@ oligorinchfdy e Statghge B s/00374 ]
gngV[aNA Og’é%}%”‘dﬁg?gbvﬁa %ﬁ@”ﬁg%f?l ﬁ’gv' %Jg%ga}ts o 2N TR 988 8erll, | ST ed
CCTCTCGT TG&W@?&E EA@T CHAGHSAGTIE tAd MN Ryt ¥6plex. The

ol i gonucl eot i des 00375 ]ijn the follow ng sequences the bases in bold
hybri di ze WW?F?@@%?@@F eqrw@er&ﬁaa%ﬁﬁence bases underlined form part
of the catalytic core of the assenbl ed KNAzytne, arid bases in italics

hybri di ze %b teersue ligenusleoids 00376 1 The fol | owi ng are sequences of the

partzynmes, which fo MNAzyne | a: . ) _
[ 00355 ] In the following seguences the bases in bold hybridize with the target nucieic

20  acid (or assembly facilitator) sequence(s), bases ynderlined form part of the catalytic core

of the assembled MNAzyme, and bases in italics hybridize to the substrate.

SEQ ID NO: 26 Partzyme A 4SYNTAS5/2(22):
CAAACGAGTCCTERCCTTCGAGTACAACCGAGAGGAAACCTT

SEQ ID NO: 27 Parizyme B 4SYNTB6/2(8):

25 TGCCCAGGCAGGCTAGCGAARCCTT
9.2 Reporter Substrate

[ 003567 The reporter substrate for this example was SubBi-2-FB with the sequence 5’
to 3’ as below. SubBi-2-FB was end-labelled with a 6-FAM moiety at the 5’ end and a
BHQ! moiety at the 3’ end. Cleavage of SubBi-2-FB was monitored at 530 nm (FAM
30 emission wavelength) with excitation at 485 nm (FAM excitation wavelength). The lower

case bases represent RNA. and the upper case bases represent DNA.



SEQ ID NO 40 Partzyne A m R20A2/1: TACCTGCACTACGGTCGAAATAGTGAGT SEQ 10 NG
41 Partzyme B m R20B3/1: 15CA TCTCTTCTCCGAGCTAAGCACTTTA conponents of

[ 00377 ] _The follow ng sequence corresponds to the partzyrne, which
associ at e8OWWBH*%2 1i gation product/partzyme to for m BCEOHPEHERE of
MNAzZyrne 4a. SEQ ID NO 42 Partzyne B 9IB5/2(21):
TGCCCAGGGAGGCTAGCTCTGTCGTCGGAGTGGTCGTCG 29 [ 00378 ] The followi ng are
sequences SEQUheN(rar $ubRiveSB: whaicclrrrocnreemporergce of SCUD M N. Azyne 3a:
SEQ ID NO 43 Partzyne A 4SYNTA2/ 1i- 10HP:

GGAT GCCCATT AA QR R ATRRATG RGN ATAG TG SR SERIJR/NC. 44 Partzyne B
ASYNTB3/ 1i - 1211P: 25CA TCICTTCTCCGAGCT TCCCATCTCA CGATAACGICGTGAGATG 11. 3

MNAZy e subgdskat e The %ﬁ%&@ﬁ%@l@ aF &J&&M&%&%ﬁ%ﬁr{%eg r?.gpoﬁt?ed ndifke t he

fol |l ow ng sequence, ower case bdses repres € uppercase
bases repr&siert. TAoWBOSEQbdDs NresdB RIS Sudhe up case bases represent DNA.

20081045009'1:’1%%@(3@‘%%9%17 égn%%gl% %ebyean Assembly Facilitator 1 and Activity Inhibitor are in
bold.

SEQ ID NO: 28 Assemby Facilitator F2 (RO5/cA(18)): BAGGCCAGGACTCETTTE

SEQ ID NO: 25 Assembly Facilitator F1 (r22p-SYNT/cB(25):
GGGEAGGTGTAATAAGGTTTCCTCQ

10 SEQ ID NO: 30 Activity Inhibitor (2-SYNT/cB(25)):
GGGAAGETGETAATAAGGTTTCCOTCgulCCTEGECA
SEQ ID NO: 31 Stabiliser Arm sA (B6/tag(13)):  ATTACACCTTCCC
9.4 Reaction Components and monitoring of MNAzyme activity.

[ 00358 ] Real time monitoring of MNAzyme activity was performed on the BMG
15 LabTech FluoStar fluorometer in a total reaction volume of 50 pl. Reactions were
monitored isothermally at 40°C for 3 minutes. The reactions were initiated by injection
of the fluorescent substrate SubBi-2-FB (10 ul of 1 uM solution) into the reaction
mixture. The reaction mixture contained 1x PCR Buffer [I (Applied Biosystems), 25 mM
MgClz, 200 nM of each Partzyme 4SYNTAS5/2(22) and 4SYNTB6/2(8), 200nM of
20 Stabiliser Arm B6/tag(13), 200nM of Facilitator F2 RO5/cA(18) and 200 nM of either
Assembly Faciliator F1 (r2p-SYNT/cB(25)) or Activity Inhibitor (2-SYNT/cB(25))

9.5  Results:

[ 00359 ] In this example, the assembly facilitator is made up of two oligonucleotide
components. Figure 9 shows schematic representation of the structure formed by the

25 MNA, namely the active MNAzyme (panel D structure g) and MNAI (panel D structure
h). The MNAzyme requires two assembly facilitator components (F1 and F2), two
partzymes and one stabiliser amm for assembly of catalytically active complexes.
Alternatively the activity inhibitor (I) can bind to the partzymes and form an MNAi
structure.



97 CTGTAGCACTCACTAUaGGAAGAGATG 11. 4 DNAzyne Ligase substrate B [ 00380
] I'n the follow ng sequence, the | ower case base represents RNA and the

upper case, ba represent DNA. The 3' DNAzyne |igase %)ltbx? :
synt hesi ge(gztii%g@ﬂ%ve t he sequence bel ow and a 5 hydroxy ﬁ{ézr%%@B:Y‘QZEQ | D NO

46 preSub3: gGAACAACGAGAGGAAACCTT 11. E?leAzyrre substrate C (Fl uorescent
Reporter substrate for MNAzyne 4a) [ 00381 | The reporter substrate used in
this examplé3tles BubBi egeritmnt evbatromeef w0 perkames.efwSabBmbly Weostitator

end-| abelled wth 6-E noj, et t,.Lhe 5' en a. B noi et t t.he 3" end
and dosi gRaTRSn Bl BIRY T SRl Sl SBefeotaEn e fonreet & %7€20 nm
(PAM em SMNRZT%QM@M@&QM@VBME oesCidbatrite BndadesdRO il hrinCRAM @XBictedtdntan

wavel engt h) . e sequence of SubBi-2-FB is |listed below (5 to 3'"); the

| ower cas6vPHaies ¢elempesantelngS. vd uite (pppde. 008 e 49Ws upits)r Bis BORIaFNA,
15SEQ LD B ; | - 2-FR LGV T gt ce Fl
for sz%bééoﬂ%e@?nﬁgﬁ%gaet seguence r cdé%?gtggﬁ%y I\/N%zﬁgggéql a was
a synt het iactiiiAnbibitgofiLekdet iid¢hehomohidgoaf VNG tstrectimasrsihiali eere Rohlde i R- 20
RNA sequence |t, had the follow.n equence:. 20SEQ I D NO. 47 D-20 target
(NNAy e PSFer s oricn AR Ak PACT T A P PR EisE b P TEPPY PR or 1 o
MNAZY e 435s5drvQ03&3 tine gh asediab Virffned hiptad@ktclydl, S@0uhitedrdn® 12,008 NAzZy e 4a
formati on was a synthetic DNA ol |ag;)nucl eotide with the foll owinhg sequence:

25SEQ | D N&S04gni8e e ysserably fagilitaber oyppeint INAZp#actidty inhibitor (I) bind to

T A Fondts GRE earD oA T SRRk (RGN oSRAC S RBR <t pe
However, the additional inhibitory sequence which is present on the activity inhibitor, but
not on the assembly facilitator component Fl, results in formation of MNAI structures,
Removal of this additional inhibitory sequence from the activi‘fy inhibitor can resul in.
generation of an activator assembly facilitator F1 component. As such the addition or
15 removal of inhibitory sequences provides a mechanism for switching from active

MNAzymes to MNAI's or visa versa.
Example 10: A SCUD cascade

[ 00361 ] Onemechanism for generating an MNAzyme replication cascade designed for
target analyte detection uses the SCUchascade strategy. The SCUD strategy can be
20 Incorporated into cascades in a variety of designs as illustrated, by way of example, in
Figure 6, where two MNA complexes are incorporated; in Figure 10, where three MINA
complexes are incorporated; and in Figure 11 where both MNA complexes and a

DNAzyme are incorporated in a cascade reaction.

[ 0036271 SCUD method relies on the ability to confrol the 'assembly of active
25 MNAzymes and MNAI from component oligonuclectides present in the mix. One
exemplary schema of the SCUD cascade is illustrated in Figure 10. In this strategy an
initiating MNAzyme (Mt) is formed in the presence of target (T). This initiating
MNAzyme cleaves a substrate (S1) thus creating one of the activator assembly facilitator
components (S1£) required for formation of cascading MNAzyme 1 (Mcl), MNAzyme 1
¢ then cleaves the substraie (S2) thus creating an additional activator assembly facilitator
component required for formation of cascading MNAzyme 2 {Mc2). MNAzyme 2 then

cleaves the subsirate (S1) thus initiating a cascade reaction.



30 (Cepheid), as described below. The MNAzyne | a cl eavage, the DNAzyne 2a
| igation and the SCUD MNAzyne 3a cascade anplification (aspects (i), (ii)
and (iii 2}? WD 2008/ 040095PCT/ AU2007/ 001517 98 respecti velag wer e perforned
concurrent PR i nitial single reaction volune of BFHAU2VHIE ot her nal
i ncubation on the SmartCycler(r) thern®d cycler system (Cepheid) at 40C for
2 hours. The reaction contained 200 nM preSub5, 100 ri M preSub3, 100 n/vl
of DNAzynd U0Befak e TRZ 81aRInE0 exppairtenyphesafiple NbiAzysreteh athé SepaditymocR2&A2/ 1 and

300 5 rt M.m R20B3 .20 f partzyin f.or MNAzyne 3a (Partzynme_ A
ASYNTA2/ 1%}6%@%@%&%@%@%@@%&% fﬁlﬁﬂﬁ? ,miéf@glﬁﬁn‘fw@% PIESEERPKCL, 50
Tris HO (tRdetl 10504RF RRGhstAnd BE MM} %WA%T&@WQ:L% aM.Rf b H0
target, or 100 pMof D20 target, or 100 fM of 20 ‘tdrget, or no target

(dH20 onl uksiater g1ty LrggmpoBgens olshicho(Sle as fmstoh as kaadadtivetoS@uRNAZY e 3a

partzy G ES spects (i), (i.L) (1v)
oty Thed Rt Ehap it b iic o 3G AT SRHRGE: Sortm binaie ™I 11 M of
DNAzyne | icgafemZa2SINIG4he Myawhicl iespitis oMIAZHFE: doorkiB0bstMenkB20A2/ 1 and
300 nM mi R20B3/1), 150 mM NaCl, 2 nM KC1l, 50 rnM Tris HCL (pH 9.0 at 25C)

and 50 nM[MpSEL2) andihed ERRFmERAOhd idifdhe MRAz{@E 88t waOfonkdGedrdd gﬁ%j'tzﬁh@so
target, or_ 100 fMof D-20 target, or no target (dH20 only control). 15[
00386 | FA1PowW/ g FARRG bR, ick pre detommd Am detee mtseeionod Histhuors RPAPDO pl

i va Fi nalEee (RO aRa S8 SML0e Y 81 AR SulmlonITRIL G0y SRR of °t e

_zla_s_sen‘nlilicﬁ:)l/ fS:aszHIgﬁBdSligéglmgMn\t&zwmﬁdﬁa,azsﬁﬁnglyrﬂammaﬁbﬁmﬁoﬁﬁgmm a0 ni M
rs a . N the substrate

Soboi 2 raGe nadh, R e w2 Cogadng MRALE S eoREAES e

t hem ocycheflzyingss 9RsAYChES AdOMaBZAL2R )6, 80k: (RAE EREMBIL S%i‘?@d&scﬁﬂ%for 20

seconds) and fluorescence was nonitored at 55C on the Smart Cycler(r

( Cephei d) MNApoBeY "ps tragnedde elaays thapubsitpby BaEewcBRBue to cl eavage of
MNAzyme substrate C (SubBi-2-FB) was nonitored over tinme for the SCUD and
control rd4dt Peremekiganssieolides| evel of fluorescence was set at 100 units
of fluorescence and the anount of tinme for each 25reaction to attain the
t hr eshil d [0P¥Erleshehe follaxied sagpencaeths besse in hdd dyRedied wish [he00888mtleiFhe

1 uor escengs WARsIRAT Wt N0, S8 HRENSL REmAASE sl-32RREL b))
of the assembled MNAzyme, and bases in ifalics hybridize to the substrate. The “-P”
indicates 3° phosphoryiation of the oligonuclieotide.

SEQ ID NO: 51 Partzyme A RO5SAS5/2-P:
20 CAARCGAGTCCTGECCTTETCTTACARCGAGAGGAAACCTT-P

SEQ ID NO: 32 Partzyme B RO5B6/2-P:
TGCCCAGGGAGGCTAGCATEGAGACGGATTACACCTTC-P

SEQ ID NO: 33 Partzyme A CasA4(2h)/6:
GTATCETETETTCTTIGCCCTCETECCCACAACCAGAGGCETEAT

25 SEQ ID NO: 34 Partzyme B CasB5(2h)/6:
CTGCGAGGAAGSCTAGCTAGGEGACGCACTCCTACCTCTA

10.2 Reporter Substrate

[ 00366 } The S1 and S2 reporter substrates for this example were SubBi-2h-FB and
SubBi-6-TRB, with j:he sequences 5° to 37, as below. SubBi-2h-FB was end-labelled with
30 a6-FAM moiety at the 5° end and internally labelled with a BHQI1 motety at the 3° end.
SubBi-6-TRB was end-labelled with a Texas Red moisty at the 5> end and with a BHQ2



which followed the initial isothermal phase (including aspects (i) and (ii)
for control reactions and aspects (i), (ii) and (iii) for reactions

i ncl udi ng the D anplification 30 cascade). In the r, L ai ni ng
t he SwD%&g’gtg@ghé@orrponent s and 100nM98f target, the tpﬁﬁg%[kgﬁ?%?ﬁhor escence

was attained within one cycle and the“reaction reached a plateau at 10
cycles (Table 4). In the reaction containing the SCUD cascade conponents
WO 2008/ 040095 RCTHeARR 807 TUG15HE 1060 nss i0HpNe die pesrtget of ihidltohopbetes! d

reached aCHA R STTEPRE Byt ReBtoph 4 R PRL A B GRe Y R ik o

cascade CopRRNENTS 438 0md @M Qhcitaiod ebavelengih) NCRENQE thif $ubBi FSTRBCRaaS
reached at 18 cycles and the reaction had still not reached a plateau after

80 cycl esmopitopdans]0 mr (Eeves Red emissionvegeilengh) tih exiai gt ofe rscis*das cade
compongnt geg Wik Gk ;vp%gefeﬁggfts gtéﬁ ;A\ﬁg b8 bREE grag?es&ﬂ nashokg tﬂf‘gbﬁracfaéeer 80

cycles o er nocyc e attalnnent of thresho uorescence
was i ndi caideyespedsedtIBNAr esence of target nucleic acid in these reactions.
Table 4. Time to reach threshold fluorescence. 10 Tine (mnutes) taken to

reach t hreshokgdogb NOO3 UHubei-0NBB: Anossignatcalevectorashotdgc! niti al
concentration SCUD Control 100 nMT cycle 1 cycle

SEQ ID NO: 21 SubBi-6-TRB: ATCACECCTCguT'CCTCCCAG
10.3 Facilitator Oligonucleotides.

10 [ 003671 Two molecules were used in this example as the assembly facilitator
components to hybridize to the sensor arms of the partzymes CasA4(Zh)/6 and
CasB5(2h)/6. The sequences of the F1 and F2 assembly facilitators FACS and FAC6 are

written below 5” to 3°.
SEQ ID NO: 36 Assembtly Facilitator F1 FACS5: GCAAGAACACACGATAC
i5 SEQ ID NO: 37 Assembly Facilitator F2 FAC6: TAGAGGTAGGAGTGCGE

10.4 Target Sequences.

[ 003681 The target sequence for this example was a synthetic oligonucleotide
RO5Target with the sequence, 5° to 3°, as below. This target sequence has the same

sequence as a section of the human RPLPO gene, exon 5.

20 SEQ ID NO: 38 RO5Target:
GAAGGTCTAATCCETCTCCACAGACAAGGCCAGGACTCGTITG

10.5 Reaction Components and monitoring of MNAzyme aciiviiy.

[00369] Real time monitoring of MNAzyme activity was performed on the
SmartCycler (Cepheid) in a total reaction volume of 25 pL. Reactions were monitored
25 isothermally at 50°C for 12 minutes. The reactions were initiated by injection of the
fluorescent substrates SubBi-2h-FB and SubBi-6-TRB (5 ul of 2.5 pM solution of cach
substrate for a final concentration of 0.5 M each) into the reaction mixture. The reaction
mixture contained 1x PCR Buffer Il {Applied Biosystems), 25 mM MgCly, 500 nM of
each Partzyme RO5A5/2-P, RO5B6/2-P, CasA4(2h)/6 and CasB5(2h)/6, 500 nM of each



100 pI M 19 cycles 59 cycles 100 fM 18 cycles NS No target NS NS [ 00390 ]
In the control reactions, which | acked the SCUD cascade conponents, but

cont ai negv&g}%g/?%@f target, the threshold fl uorescenc%c\@@&%(z%gﬁ}@is@@d Wi t hin

one cycl e an € reaction reached a %at eau at 34 cycles 'e 4). In the
control reaction containing 15 100pM Tﬂ’ target, the threshold fluorescence
was reached at 59 cycles_and the reaction had still not reached a pl ateau
after 80 &peliteer componsar EARSr B0 FAL end aithe P9 v RQOTaRgeo 0r RErgEE, t he

t hr eshol dgéldgl%ﬁ;oqence was not reached after 80 cycles. Simlarly, the
control reattion which |acked target failed to reach a threshold val ue
after 80 %%I s.ul@_s such, the attainnment of threshold fluorescence was

i ndi cati vé“of “fHe presence of target nucleic acid 20 in these reactions.

The obser | bgve are consi t with the,follow [
anpl i f?cal-ll%{})#%gts e%‘sgi\énpﬁcﬁeéw? @Ei@@%ﬁé‘rgg‘c\gﬁeﬁ einr?F’ﬁS’eg?arnozyg\%[ﬁ%ﬁr%SZi%?cndas pect's
(1), (isi) RAIHEN)-P aBchdd a0) infthakige VN Adhme it Slitl cleMNAZHEB 1 |sabstla@adidBi-

substrate Ain the presence of Fl specific target (D 20) producing two
fragnent s 2pAD wAdtRG Y0 tyEEEse %Mp Fupaesagnce of gAY L0 wrtst(EqBment

( CTGTA@A%@(?‘OSI %%%)unétgjg@&% Q&)é#g%fl@ sypRihte ?&q}téfﬂ % %eng’rlaﬁ&i’ 6 4 @1?@91}12%@]; ate

term nus. uct functions as activator asse
facil it at drgoenpshentthenwhiinctordi e coscettheit! Slei Rlatnd 2 dhcib@tor compbiferysr ne 3a.

MNAzyme 33 ,¢lseaves ) 03008/ 2000 RN RO L A0 2hE onys to form the Mot
160 cascading MNAzyme 1. This MNAzyme 1 then cleaved the second S2 substrate SubBi-6-

TRB thus causing an increase in the fluorescence of Texas Red of approximately 900

units {from 250 to 1150 umnits). As such, an increase in flaorescence of both FAM and

Texas Red is indicative of the presence of the target sequence in this MNAzyme cascade

reaction.

15 [00371] In the absence of ROS5 target sequence, no increase in fiuorescence of FAM
was observed over time and only low level background increase in fluorescence was
observed over time for Texas Red with a baseline drift of approximately 100 units (from
240 to 340 units). When target is not present, the partzymes RO5A5/2-P and RO5B6/2-P
cannot form an initiating MNAzyme Mt and hence the S1 substrate SubBi-2h-FB is not

20 cleaved and FAM fluorescence does not increase. In the absence of cleaved S1 substrate,
no S1if facilitator fragment is present to direct formation of a Mcl cascading MNAzyms
1. While the wuncleaved S1 substrate SubBi-2h-FB can still bind to the complex
comprising facilitators FACS and FAC6 and the partzymes CasA4(2h)/6 and CasB5(2h)/6
this results in an MINAI structure which 1s incapable of cleaving the S2 substrate SubBi-6-

25 TRB. Consequently the level of fluorescence of Texas Red remains low. The absence of a
significant increase in the fluorescence of both FAM and Texas Red is indicative of the

absence of the target sequence in this MNAzyme cascade reaction.

Example 11: Detection of target using an initiating MNAzyme event followed by SCUD
Jeedback cascade amplification and then DNAzyme ligase mediated MNAzyme

30 cleavage readout.

[00372] The strategy used in this example is illusirated in Figure 11. This example

demonstrates aspects of the sirategy as illustrated in the sections (1) to (iv) in the figure.



100 substrate A generating two products Aa and Ab. The product Ab can then
function as a facilitator, which directs the formation of nore active
MNAzyme 3a. Thus the M\lAzyrre 3a systemresults in a SCUD autocatalytic self
repl i cat 'y 248&HWBtck anplification cascade (aspect (iifi9yAUHHEI8EUD
cascade also results in further 5 accuful ati on of Aa, which can function as
a substrate for DNAzyne 2a. Thirdly, the 5 fragnent Aa ligates to a second

| i gase substiate B ipizeseitlcié Aciin®1) éedtd OB finatidn ditdi MN/esetls whick he
formation of a new oligonucl eotide (I|at| on_ pr oduct , Aa/ B) Wi t h the

sequence of CTGTA@BKW@FK@F& 'PT‘E‘@E@P Yhiethher e
upper case represgnt, BNA bas niﬁi"@rl %é‘di‘zton aég&)onao
(aspect (ii)). This ?lgatlon product urn unctl ns as ‘a partzyme
conponent for MAzpdut 4d. wiﬁphn&lrleyt;zradmsgnmawwayommaﬂ:bdfafmmwnﬂmwsml ates
with a second part rn{g (STBS/(Z 21)) and an F4 assenbly facilitator to
creat e ‘MNAzyme 4a" éé@tﬁ % ) MNAzyme 4a then cl eaves I\/NAzyrre substrate

C (SubBi-2-FB) resul ting sep n of fl uoro cher dye
pair thus callsli ngT}éenPrPﬂ‘th é’fs}é& an£ E F%@’Gé’%‘@%’hﬂf ?%83%“]]‘1*"!5%“5%@566nt r ol
reactions contai nig,en ﬂznﬁ@é@%ﬁb%ﬂét@?ox@ﬁ@%& Ad, Wwhichita) 1i2Rd aclivly. (Figure
11) the observations above are consistent with the foll ow ng events.

Firstly, MAzyne DNAcheaviesseMligsins thupoticatie gnnﬁmteﬁh@tfm@wﬁe@swom

2 ragrent b thd & PREErAte R AEATAAR Bot BRANG 2t had

a2, & -cyclic phosphate MSArensidaus. The 5 fragment Aa ligates to a
second |igase substrate B present in the reaction mix and this results in
the formatiogipf ThdwwaRt LYTILEoaokd Aeac(ibitgadsieiblprotlivat: (Hiah Br{aspect
(i1)). This ligation product in turn functions as a partzyne corrponent for
MNAzyne 4a. Fi nal fopmatiom;of apiavg YNAECSd fﬁ’&%?a[%@eé@@a‘é‘?eéfsewwla &econd

partzyme (STBS/2(gddks afdi28 AFg oag&t.l; isbab@Mant OriiRakiR: Mgy e 4a
(aspect (iv)). 25 MNAzyne 4a t 1VI NAzyne substrate C

(SubBi - 2- FB) r esuthea figiciion aﬂegaacawa@n a@ﬁm’alyffhﬂbhatwphﬁhleh duentt the fomiyagiopai r

t hus cau5|ng an |n rease,. | Qres e eact | acked
t ar get “dermonst rat & W?Fﬁtac?‘ﬁew epér:rarémlso}?ﬁ\ggx 3” gr[fllcrg&ls#sgﬂ%lst%
reactions, which gitddagfyteosdlfiredidation lfadked :tﬂi;ﬁlfﬁm WMAZyTETIdO rRTG RNt S,

was dependent on the presence qf tar et nucl el&ﬁlégm In re t_l ons that 30
cont ai ned SCUD MBS E8iisoie CHRREeDy d A &ED THFUCRCH Pt at or
fragment Ab was f origeg: aggemta@nﬁ@ﬂﬁ&a@r foPTI\@@Azﬁh@% rk §n And Qstahutafich ke
partzynmes for NENAzyne 3a and formed an onpl ex. Figure 9 shows

schemati ¢ repr eseApaviigncasfiundiongs lﬁtg‘ébstrﬂ"éimfféhﬂ?@dn@)% the SCUD NI NA
conpl exes, nanely the active MNAzyne 3a (panel A WO
2008/ 040095 PC¥} 4UI@@Hgaﬁﬁﬂﬁno‘ﬁuM%nsltateécbwdigeﬁtaa) ofaé:ajarld\wbsmgaﬁeﬂonm stfwict ure

b). The M\lAzyrrer es.an a it F1 | sfriycture a
in Figure 9); ﬁ%#‘?c{/g%f&”% Oé 5}%&?‘ (&8 gﬂtr% t%f %'st%ect
(iii)), which Canfd@ﬁlt@@:rfelrﬁid&ﬂeabys ﬁibe@atage;ea\feeﬂasmbmpha’feandw@chm@et
substrate can bind to the MNAI . structure and func¢tion .as nact|V|t¥
inhibitor (1) as BHpigRting m an increase i finorescent signal indicative of the presence ¢

target nucleic acid F1.

25 003731 In this example aspects (1), (ii) and (3ii) occured concurrently in a single tube
at a single temperature. The readout detection step (aspect iv) was performed following
the addition of further reagents to the reaction. The DNAzyme ligase used in this example
has previously been reported to ligate RNA through the formation of a 2°-5
phosphodiester linkage from a 27, 3’-cyclic phosphate and a 5’-hydroxyl group

30 (Silverman et af). Apart from the requirement of a 5° substrate with a 2°, 3’-cyclic
phosphate end, the DNAzyme ligase used in this example also requires a specific
sequence motif at the ligation junction, being UA¥G(A or G) (where * denotes the

ligation site).



S in Figure 9 panel A structure b. The partzynes used in this experinment to
create MNAzyne 3a had sensor arns with regions of self conplenentarity at

the term nj th partzynmes. The assenbly facilitat i i he

regi ons B&(‘/@%ﬁggﬁe regi on of conplenentarity (Figur e%rgxg‘&a@gqsﬁgk&%%ructure a
and Figure 11 (iii) MNAzyne 3a). | 00?@3] Comparison of the limts of
detection of reactions which either contained or io | acked the SCUD MNAzyne
conponent dldefdbymatlécashBt t he presence of the SCUD conponents results in
anplification of the signal which allows detection of |ower anmounts of
target. Rea037140nsTWDNA dickedediie séfCiiioe MlAzly ats 30a PRIAZZy B e iplment s had
alimt of detection of 1 x 109 nol ecul es (100pM starting concentration).

| n-conpar 8191 t he reaction cont ai ni ng the SCUD conponents were able to
detect 1 x 106 15 nol ecules (100fM starting concentration). Further, a

si gnal aboveSEQHR 3103 RRkaz met bease (810t 0'x 109 nol ecul es” after 19 cycl es

in the. .reactg '%%@@W@Gﬁw o P& gs for
reacti ons Ia%g?%gegﬁ:,%g)‘partzyne conmponents tor %ggma 3a.&%§d}such, t he
presence dfl.2t RerS@idDligompdeeides (partzymes for MNAzyne 3a) in conjunction
with an initiating MNAzyne (la) was capabl e of generating the activator 20

assenbly f&o6315i1t alnahe Golvpaipesttndoed the basepinebald diylradibe Witk tHei targef rakcleftet ect i on

and the lim.t of detection. The nmechanismrelies an feedhack with.each SCUD
MNAzyme 3&°§effdPatrn aﬁ%rb&@@ﬁi {03 gpe ?%rfh%rﬁf@ww?éﬁe &ﬁ%@#&?ﬁg a
mechani sMynQA 7#h& Rk bARPIN 1Lk PRIZAAS BRGEbdatdl ) Figure 11). This SCUD
signal anplification nethod allows signal anplification by a nechanism

whi ch rel irg%ﬁsfeql el AMobile SRt@hhis &Chi E)'gfe&'ayr?% 4RidAUEHR| BrRGheLhHZY TS

and not on protein enzynes such as those ot her nuclerc acid target
anpl i fi cathdgAzyme hods such as the PCR Further the SCUD anplification
occurred isothermally during the first phase of the experinent where
reagent s wer$2Q e Nant4é PastyrdO L miRA0EDMC| usi on SCUD i s capabl e of

aut ocat al yti M i i.gnal anplification under

i sot hem al cﬁﬁﬁﬂﬁ%ﬁ% ﬁji‘iﬂ%ﬁ%gggd sensitivity and speed 30 of
detection ing mmu;{\m&g}hnagmgmgm_equi re protein enzynes. WO

2008/ 040095PCT/ AU2007/ 001517 102 Exanple 12: A full adder using MNA

conpl eXes. [CHBBBATICTRUCAGREIANESAGTHdIAIdi ng MNAZymes, can be exploited to
devel op nol ecul ar full adders. One exenplary design schema for how a full

adder basé@08H IMNRbey frllewem seauaes conespensstiedhs pagresenbish spwoRieguvier 12, |
00395 ] At1ie%ga~i8‘x€'ﬁxgpg&@%%@ﬁ?eﬁtgg§§&’£c &Qﬁt%%é\@f?ﬁ%&é % (A B C, and produces

out put on two Than on e inp according to the follow ng

tabl e, Tabl eS&Qlf)Wtw@ak%HéB%féWi&l)p Qut put X Qut put Y
TGCCCAGGGAGGCTAGCTCTGTCGTCGGAGTGGTCGTCG

20 {003787 The following are sequences of the partzymes, which form components of
SCUD MNAzyme 3a:

SEQ ID NO: 43 Partzyme A 4SYNTA2/1i-10HP:
GGATGGGCACTAACGTGCCCATCCCATCTCCGGTCGAAATAGTGAGT

SEQ ID NO: 44 Partzyme B 4SYNTB3/1i-12HP:

25 CATCTCTTCTICCGAGCTTCCCATCTCACGACGATAACGTCGTGAGATG

11.3 MNAzyme substrate A (substrate for MNAzyme 1a and 3a)

[00379] In the following sequence, the lower case bases represent RNA and the

uppercase bases represent DNA.

30 SEQ ID NO: 45 preSubs:
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CTGTAGCACTCACTAvaGGAAGAGATG
11.4 DNAzyme Ligase substrate B

[ 003801 In the following sequence, the lower case base represents RNA and the
uppercase bases represent DNA. The 3’ DNAzyme ligase substrate was synthesised fo
have the sequence below and a 5° hydroxyl group:

SEQ ID NO: 46 preSub3:
gGAACAACGAGAGGAAACCTT
11.5 MNAzpme substrate C (Fluovescent Reporter substrate for MNAzyme 4a)

{00381 The reporter substrate used in this example was SubBi-2. In the current
example, SubBi-2 was end-labelled with a 6-FAM moiety at the 5° end, a BHQ1 moiety
at the 3° end and designated SubBi~2-FB. Cleavage of SubBi-2-FB was monitored at 520
nm (FAM emission wavelength) with excitation at 490 nm (FAM excitation wavelength).
The sequence of SubBi-2-FB is listed below (5” to 3°); the lower case bases represent

RINA and the upper case bases represent DNA.

SEQ ID NO: 4 SubBi-2-FB: AAGGTTTCCTCguCCCTGGGCA
11.6 Target sequence FI for MNAzyme la

[ 00382 ] The target sequence recoguised by MNAzyme la was a synthetic DNA
oligonucleotide homologous to the human microRNA miR-20 RNA sequence. It had the

following sequence:

SEQ ID NO: 47 D-20 target (MNAzyme 1a target):
TAAAGTGCTTATAGTGCAGGTA
11.7 Assembly facilitator for MNAzyme 4a.

[00383] The assembly facilitator F4 required for MNAzyme 4a formation was a
synthetic DNA. oligonucleotide with the following sequence:

SEQ ID NO: 48 Assembly Facilitator F4 for MNAzyme 4a;
CGACGACCACTCCGACGACAGTCCTATAGTGAGTGCTACAG

11.8 Reaction Conditions

[00384] Al reactions were performed in a single SmartCycler® SmartCap tube
(Cepheid), as described below. The MNAzyme la cleavage, the DNAzyme 2a ligation
and the SCUD MNAzyme 3a cascade amplification (aspects (i), (i) and (iii),
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respectively) were performed concurrently in an initial single reaction volume of 15 p,
via isothermal incubation on the SmariCycler® thermal cycler system (Cepheid) at 40°C
for 2 hours. The reaction contained 200 nM preSub35, 100 nM preSub3, 100 nM of
DNAzyme ligase 7Z81-10/1¢, partzymes for MNAzyme 1a (5¢ nM miR20A2/1 and 300
nM miR20B3/1), 20 nM of partzymes for MNAzyme 3a (Partzyme A 4SYNTA2/Ti-
10HP and Partzyme B 4SYNTB3/1i-12HP), 150 mM NaCl, 2 mM KCl, 50 mM Tris HCl
(pH 9.0 at 25°C) and 50 mM MgCl; and either 100 nM of D-20 target, or 100 pM of D-20
target, or 100 fM of D-20 target, or no target (dH,O only control).

[ 00385 ] Control reactions lacked the SCUD MNAzyme 3a partzyme components and
as such underwent aspects (i), (if) and (iv) only. These reactions contained 200 nM
preSub3, 100 oM preSub3, 100 nM of DNAzyme lhigase 7Z81-10/10, partzymes for
MNAzyme 1a (50 nM miR20A2/1 and 300 nM miR20B3/1}, 150 mM NaCl, 2 mM KC],
50 mM Tris HCI (pH 9.0 at 25°C) and 50 mM MgCl, and either 100 oM of D-20 target,
or 100 pM of D-20 target, or 100 M of D-20 target, or no target (dH,O only control).

[ 00386 ] Foliowing incubation of the SCUD and control reactions, a 10 pl aliquot of
detection reagents were added to the SmartCap System tube to give final concentrations
of 300 aM of partzyme STB5/2(21), 100 nM of the assembly facilitator F4 for MNAzyme
4a, 150 mM NaCl, 2 mM KCl, 50 mM Tris HCI (pH 9.0 at 25°C), 50 mM MgCl, and 100
nM of the substrate SubBi-2-FB in a total reaction volume of 25 pl. Reactions were
thermocycled for 90 cycles from 55°C to 80°C (55°C for 80 secomnds, 80°C for 20

seconds) and fluorescence was monitored at 55°C on the SmartCycler® (Cepheid).

[ 003877 The increase in fluorescence due to cleavage of MNAzyme substrate C
(SubBi-2-FB) was monitored over time for the SCUD and control reactions. A threshold
level of fluorescence was set at 100 units of fluorescence and the amount of time for each

reaction fo attain the threshold fluorescence level was measured,
11,9 Resulis

[ 00388 ] The fluorescence was measured during the thermocycling phase (aspect (iv)),
which followed the initial isothermal phase (including aspects (i) and (if) for control
reactions and aspects (i), (i} and (iif) for reactions including the SCUD amplification
cascade). In the reaction containing the SCUD cascade components and 100nM of target,
the threshold fluorescence was attained within one cycle and the reaction reached a

plateau at 10 cycles (Table 4). In the reaction containing the SCUD cascade components



On [ 00396 ] For clarity, mssing (or "off') signals are denoted by an
enpty cell in the table. In summary, output X is on in the presence of
either exactly one or all three inputs, 10 and out put XIS on |r1,17'
presenceVSY2MHOGF three inputs. Wereas a full adder ” g’W&PWNC’)’/
inplemented in circuit logic using el @trical signals as input and output,
the system can be inpl enented using biological processes, wth the inputs

represent gehi byopletoeedadtl Beeveiotd flandsdche: wud mﬁ}sedraﬁhaeSﬁthtcﬂde ehd ler by
det ectabl e events or detectable effects. 15[ .003 As_can be seen from

the tabl ereaptiprabasi stillopptiigachpe anplpicat afe §h wamm él)e TeRHERCORREIE Bssi bl e
conbi nat i &1 sgexactly
e e R B R i S T N T e
wher e theatelSaa}eletmuittmmab‘rsanmadsehm(neeqéneésemm afyr 30herclesgi ¢ AND) and one
where all three inputs are present (represented by the |ogic ANDAND). zo[
00398 § | noease |syatcemdefpe cdeton tortiigiug €elSCUD hesedsengontmgbe hgﬁﬁrgs are
designed for yse .in a single test tu ere conbi .nat f inputs
e to FRE 8 HiTPIoh DR R LS o ARG LRt Bt e
fl uor escepegimenthie 19aheR fﬁfoeeséédce %@%&mﬁwgf &e@@ersa&celoyté}g&%ee@%mt ion to
the reaction vessel. In Figure 12, the black oligonucl eotides have been WO
2008/ 0400UBREF/AIEO87/ 001517 103 pre-conpl exed before the gates are pool ed,
and conprise the actual gates, the blue and green substrates represent
substrate attached, and conprise the two

Fa Wf" thglﬁ éB fe{%a{‘{gi éhlziﬁ ffoBHiQEe%%

out put si gna itator') nol ecuI es constitute the
i nputse The partzynes of each gate will each be conprised of unique

sequence, except qrter ar.ne bi nd the sane
substrate and FA(F\AQ?E?’:méﬁgtﬁ]g ?3(%?“ hﬁﬁfﬁgg% ISes, the |sane partzyne
can be used in tl'Qngﬁﬁ)tSEgﬂﬁIatﬁmedfresﬂnm)separ ate gates, suchjas the B

partzynmes of ANDigates 2 and.3, tgg S partzymes of NDNAND{gat es 2 and 3,
and the B partzyn i RCORGRRETERGENG ﬁﬁﬂ%&g&p&shom in Figure
12. The FAC1l and [RA§&Znol i gonucl eoitéy@gas act as asgeqbly faciliitators, while
FAC3 acts as an 10 —armstabitizer, nowever i1n/tn's schemd, jall FAC

ol i gonucl eot i des |S8P P t he sanme |pSrgyelse. whi chi P&cYdiesact i vafle/ i nact i vat e

| ogi c gates.. The i gonucl eat a, 2, are conplienentary to
their correspondi .}EOE%U oti-gonuct cgik??ué:b and Ild.%) been—preconpl exed wi th
the partzynmes. Wiédntagded to t he Meaction vesseNS the FACs will peel off
their conplenentary C oligonucl eotides via a branch migration process,

i nactivating the 15 gates which contain the conplenentary C

ol i gonucl ¢ot3ide. thhihe cpmﬁﬂesa:uioas neldeh paaisd BeeSOYDedastgatcomgoidnes, Gut

ol i gonucl eotides and t rres ondi FAG ol i onuc eptides, in order to
provi de fFedaigeh e EHREHO R TSP EIe B PHRRT R 088 Y 81939 |

Wth thisgdeshan r%ﬁééag&téa& 0¥ QEKes angion Yn eR&RAS I‘A’aétionF&bﬁt‘éinﬂ% a first
fluorescent colour (in this exanplé, as shown in Figure 12, a

f | uor escenéph 0&1@%82@118 bravhild dupisacenee wapachedil 39 fmﬁbﬂ gaeihg f%@e’@i@hhlad
fl,vor escenty Gol UL 'y SLERM 0Ll UPLRRECRC. A ELONE S h2b AR WRRG A | three

FACs are |tr111%roduce e reac VesSsé uoresce rs wll
be produceggdt, bk lﬂlﬁeshal‘didﬂucgdfseerme was ot geackeedl®er 80 cycles. Similarly, the control

reaction which lacked target failed to reach a threshold value after 80 cycles. As such, the

attainment of threshold fluorescence was indicative of the presence of target nucleic acid
20 in these reactions. The observations above are consistent with the following enzymatic
amplification steps in the reactions containing all components for aspects (), (11), (i11) and
(iv) (Figare 11). P‘irstly, MNAzyme la cleaves substrate A in the presence of F1 specific
target (D-20) producing two fragments (Aa and Ab) (aspect (i)). The Aa fragment was the
5° fragment (CTGTAGCACTCACTAua) (SEQ ID NO:49) that had a 2°, 3'-cyclic
25 phosphate terminus. Secondly, the Ab product functions as a activator assembly facilitator

component, which directs the formation of active MNAzyme 3a. MNAzyme 3a cleaves



[ 00400 ]| The follow ng explanation is provided with reference to Figure
12. 1f, for exanple, no FAC nolecule is present, all conplexes will remain

i nactive | 25conponents required for each conpl ex to beconme active
are avai p@iﬁﬁ@@?f%ﬁ%e will be no fluorescence. [ 00401 CTW”%("Q?‘P&%, i f
FAC1 only is an input: FACL activate3®@he first NANDNAND gate in Figure 12
when it binds with the preconpl exed partzynes, the C2 and C3

ol i gonucl| eobstdiesA gandatirzeveuhsduit/e, andraduThegradtct Ab ve htvamesseace. |t
al so peel sf off the_ d B%ieargonucl eoti.de (%f the 2nd and 3rd NANDNAND gat es,
whi ch ar e FAIERY, dhick t it TTRRURE STPREE ARIFAESA B R8t 4vEs 1TBbl e to

fonn an a%ﬁ)&%}gwp%y @stemvgsﬁgogﬁ %@@ﬁf’%ﬁé&%@%’ Q&%‘%@hcjagﬁlg Abenqonl y

FACL is avail abl e the” ANDAND and AND gates are not active as they require
ot her FAC amwiifeaiioss cessadd |(especic (itijatihon. SCUDO4Rade |dflso fonitexanmpirter FACL

and FA re 1 nputs he.fal |l ow n ul d ;occur, Th -.d, A ate of
Fi gur egiz%fcgnﬂa%@%@edf % (Y cﬁ'&%c;g%% of rs%bgﬁr&%l f85PN&@§HJ§§8§MY’:¥E%ge to
form an adidgmentVNAZga®s Pk Getisad Migasgr-abstratd BOsreSEEMCBe realhieh alihend i AND
gates of Figure 12 will not be activated as they require FAC3. The ANDAND

gate wil| IFOtS B BEIPHRAGE nt petvrlissnuglpriidecdighiiend ProdecinhpEe uvid the e

avai | abl e. I n ' I and rd
N ANDAND B SR BAG O e B LA SRTRICKRCRT (IR B 20k |

i ts conpl é¥dtlafwhed uprer gassucpresti DRIA haseh and ilovNANBNANDrcgatt R4 beisgure 12,

so.that it _wll .not..he . active. FAC2 w |l el off its conplenentary C2

ol i gonicl SBPGVh THe l%sa{mrf\b&ml\ﬁ g%{leﬁl%%mﬁs oftfr & PEFZYIEY GPWQ?MW? f&ﬁ Il not
be activeMTAeyhditsd INMIDNAND g ereitsd PRtzyatd AV iNQCRIMS @ skdonf @aMiFes FAC3
(and becau§e (}I and C2 wl| alsp be peeled off by 15FAC | and FA(EZ,
respect i véPyF22THuEG BB rEemBlypiagditaion i e dBNAREM 4nylagpssie (V).

MNAzyme 4z then cleaves MNAzyme substrate C (SubBi-2-FB) resulting in separation

of a fluorophore and quencher dye pair thus causing an increase in fiuorescence.

15 [00391] In the control reactions containing only components for aspects (i), (ii) and
(iv) (Figure 11) the observations above are consistent with the following events. Firstly,
MNAzyme 1a cleaves MNAzyme substrate A in the presence of F1 specific target (D-20)
producing two fragments (Aa and Ab){aspect (1)). The Aa fragment is the 5° fragment
(CTGTAGCACTCACTAua) (SEQ ID NO:49) that had a 2°, 3’-cyclic phosphate

20 terminus, The 5° fragment Az ligates to a second ligase substrate B present in the reaction
mix and this results in the formation of a new oligonucleotide (ligation product
(Aa/B)(aspect (ii)). This ligation product in turn functions as a partzyme component for
MNAzyme 4a. Finally, this newly created partzyme associates with a second partzyme
(STB5/2(21)) and an F4 assembly facilitator to create MINAzyme 4a (aspect (iv)).

25 MNAzyme 4a then cleaves MNAzyme substrate C (SubBi-2-FB) resulting in separation

of a fluerophore quencher dye pair thus causing an increase in fluorescence.

[00392] The reactions that lacked target demonstrate that the development of a
fluorescence signal in reactions, which either contained or lacked the SCUD MNAzyme
components, was dependent on the presence of target nucleic acid. In reactions that
36 contained SCUD MNAzyme components but which lacked target, no facilitator fragment
Ab was formed and hence the intact substrate A bound to the partzymes for MNAzyme 32
and formed an MNAI complex. Figure 9 shows schematic representation of the structures

formed by the SCUD MNA complexes, namely the active MNAzyme 3a (panel A



Only the relevant AND gate provides green fluorescence. [ 00403 ] If
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artzymes. assem T bimnds regions between the region of

complementerity (Figure 9 panel A structure a and Figure 11 (iif) MNAzyme 3a).

[ 003931 Comparison of the limits of detection of reactions which either contained or
lacked the SCUD MNAzyme components demonsirate that the presence of the SCUD
components results in amplification of the signal which allows detection of lower
amounts of target. Reactions which lacked the SCUD MNAzyme 3a partzyme
components had a limit of detection of 1 x 10° molecules (100pM starting concentration).
In comparison the reaction containing the SCUD components were able to detect 1 x 10°
molecules (100fM starting conceniration). Further, a signal above threshold was-detected
for 1 x 10° molecules after 19 cycles in the reaction containing SCUD components
compared to 59 cycles for reactions lacking SCUD partzyme components for MNAzyme
3a. As such, the presence of the SCUD components (partzymes for MNAzyme 3a) in
conjunction with an initiating MNAzyme (1a) was capable of generating the activator
assembly facilifator component Ab thus lowering both the time for detection and the linut
of detection. The mechanism relies on feedback with each SCUD MNAzyme 3a
generating more facilitators for more MNAzyme 3a providing & mechanism for signal
amplification (aspect (iif) Figure 11). This SCUD signal amplification method allows
signal amplification by a mechanism which relies solely on the catalytic activity of
nucleic acid enzymes and not on protein enzymes such.as those used in other nucleic acid
target amplification methods such as the PCR. Further the SCUD amplification occurred
isothermally during the first phase of the experiment where reagents. were incubated at
40°C. In conolusion SCUD is capable of autocatalytic self replication causing signal
amplification under isothermal conditions. SCUD allows increased sensitivity and speed

of detection in a format which does not require protein enzymes.
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100396 Tor clarity, missing (or “off”) signals are denoted by an empty cell in the
table. In summary, output X is on in the presence of either exactly ore or all three inputs,
10 and output Y is on in the presence of two or three inputs. Whereas a full adder is
normally implemented in cirouit logic using electrical signals as input and output, the
system can be implemented using biological processes, with the inputs represented by
detectable events, and the outputs represented either by detectable events or detectable

effects.

15 [00397] As can be seen from the table, in addition to the null case (no inputs), there
are 7 possible combinations of inputs. Three of these are the case where there is exactly
one input present (represented by the logic NANDNAND), three are the case where there
are two inputs present (represented by the logic AND) and one where all three inputs are
present (represented by the logic ANDAND).

20 [G0398] Inone system depicted in Figure 12, these seven logic gates are designed for
use in & single fest tube whereby any combination of inputs added to the tube will produce
an expecied result (for example, fluorescence). The gates are all constructed separately

before addition to the reaction vessel. In Figure 12, the black oligonucleotides have been
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by elongating the C oligonucleotides and their corresponding FAC oligonucleotides, in

order to provide free sequence where branch migration can be initiated.

[ 00399 ] With this design, addition of any one and only one FAC will provide a first
fluorescent colour (in this example, as shown in Figure 12, a ‘blue’ fluorescence), any
26 combination of 2 FACs will produce a second fluorescent colour (“green’ fluorescence in
Figure 12), and when all three FACs are introduced io the reaction vessel, both

fluorescent colours will be produced (‘blue’ and ‘green’ in Figure 12).

[ 004001 The foliowing explanation is provided with reference to Figure 12. if, for
example, no FAC molecule is present, all complexes will remain inactive as not all
25 components requived for each complex to become active are available. There will be ne

fluorescence.
1 00401] For example, if FAC1 only is an input:

¢ FACI activates the first NANDNAND gate in Figure 12 when it binds with the pre-
complexed partzymes, the C2 and C3 oligonucleotides, and the substrate, producing

0 blue fluorescence, It also peels off the Cl oligonucleotide of the 2 and 3%
- NANDNAND gates, which are in any case inactive because FAC2 and FAC3 are not

available to form an active MNAzyme.
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15 FAC1 and FAC2, respeotwely)

¢ Thus there is no blue fluorescence from any gate.

e Only the relevant AND gate provides green fluorescence.
[ 00403 7 I, for example, all three FAC oligonucleotides are present:

o The AND gates, and ANDAND gaie are activated, producing green and blue
20 fluorescence, respectively. |
¢ The NANDNAND gates will not be activated by virtue of the fact that the *C’
oligonucleotides will be peeled off by their respective FAC oligonucleotide.

[004041 One of skill in the art would recognize that such a schema can be applied in an

analogous way to any other combination of FAC oligonucleotide or oligonucleotides.

25 [00405] It will be understood by one of skill in the art that output from one full adder

can be used as input for another full adder.



[ 00452 ] Zaborowska, Z., Furste, J., Erdmann, V. and Kurreck, J. (2002)
Sequence requirenents in the catalytic core of the "10-23" DNA enzyne. J

Bi ol 277 20240617-22. 109 CLAI M5 r switch
conpr|S|ﬁé)§pm&é§§t one ol i gonucl eotide partzyne, mhereﬁ?uﬁgb@%%%?tzyne

conprises at |east one of a catalyticl®ore portion, a sensor arm portion,
and a substrate arm portion, and at |east one further oligonucleotide
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said conplex transitions froman active to an inactive MNA conplex or from
an inactive to an active MNA conplex in response to an input event,
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30assenb|VEQ 2¢8HHIe%, a fully assenbl ed catal ytically i WEKAVIHET W& conpl ex,
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met hod conprises the steps of: (l)nmodifying a first substrate with said
initiating MNAzyne to generate a first assenbly facilitator; (ii)assenbling
said first MNAzyne with said first assenbly facilitatq., -

25( Hi)rméi‘i‘%%"?{&%%"ﬁ addi tional substrate with said fi rg{mﬁ‘ﬁ%‘w 1547

arid wherein said nodification of at {¥ast one of said first or said

addi tional substrates produces a detectable effect indicative of the
presence bf043aiid HoasgeP.A. and Szostdlf. IW.mE86d Ribojeteemtalysgd aamtiapgetd usi ng a

cascade, wherein said cascade npri.ses an initiating MNAzynme forned in the
presence Eﬁnsé%if‘éﬂqwa‘}sg@??mag%i(Pgﬁ)mﬂrrre formed in the presence of a
product of said initiating MNAzyrne; and an _addit|opal. formed in
the preseh8@43dfl MpkBdlotCEHnask B Mt Wygrﬁ@?ogng dﬁ%ﬁ)ﬁ%‘lbﬁs t hod
conpri ses : i dpladicPR b Y RbsBorhid hdterAlORLMAL 632V th said
initiati nﬁl%mﬁgﬁ% oﬁlgeaﬁsgggthggga?l rsriC asse#ﬁl y Sf a%i li teat or; (1)
assenbki n§0s&Id first MNAzynme with said first assenbly facilitator; (Hi)
nodi fying an additional substrate with said first MNAzyne to generate an
addi t i onal oeessenitayl, frAckdd Tageer G. (2004) Minipkl pel&smpérdiingngystaisd Cadditt i onal
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t he presedosaiof a waid foratgeyme iqalyThSipdenotyold(E9)aftR0is or 16 wherein said

detectable effect is detected by 15 at |east one of fluorescence
spect r osc pp§437gurieacanlpliasiWon Tr, €soniasme B..nAsvis pécardSedpgren.NVR198Pect r on
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el ectroni ggset hods, UV, visible light or infra red spectroscopy, enzymatic
met hods or any conbi nation thereof. 2018. A nethod for the detection of an

assenbl y fagidsitt abioh, P& Nndo®i DIRIFEaSCRgeLEIMMshiEl DoAR Silveshary¥ARZYME, an
MNA conplex initially present I n a substantial Ié\fcat‘al yti Calklfﬁ/ i_pactive
f or m (:MNA(JQO4xSdrugireafsnstiont gorraiations werivedafaml 86 BErHY HotliFedi8sE sai d

first MNAZ gg 19 IOV, d€; t 8, efheGhgo Wherein said activity
i nhi bitor |Xs %g aehi%%t&lo\q/ﬁq%}i@e%hi&g#to’r ang a potential substrate; and
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25wherei n associ ation of said assenbly facilitator with partzynes for said
first MNAzyme under conditions permtting catalytic activity of said first
MNAzyne facilitates the catalytic activity of said first MNAzyme thereby
provi di ngVHoHH*Wat i on of said activity inhibitor to rBFEAEMOAPOIAE: i vat or
assenbly facilitator domain and an aci#{&ity inhibitor domain of said
activity inhibitor and wherein said rel ease provides said detectable

ef fect; andp44s ] Szdox\MﬂeAel(Bkaﬁ:?ﬂ g el waseds a;@toz@mme qasReIPdcid @edvabd at or
domai n facili tat es assenb 9% a second Boél)rre from conponents of said MNA

conpl ex; of RNA infiigrabpence émalen’cma@l 1o By 20PNSwvae decommegatvMmAmydrEolibdi f i es
said acti ‘é%xﬁi(m{n@%@éh%ﬁﬁ feglg ;ﬁ?ﬁ?R{eg;’L\&%@rBﬁﬁt 'lyélt 1| nhi bi t or domai ns and

further activator asse mhereln sai d rel ease

provi des tec f r said f her
activat or - gm}ﬁbl ergg gztog) ggﬁlgnggpfsa%aisy 9 49 Qfgg%%@}&q‘oefm%ﬁ %onal
second sI\/NAZeﬁmszNM}embxleiblo%rﬂm@g. f@arther said catalytically active second
MNAzyr nes thereby providing further detectable effect indicative of the
presence @hosaild ety MACH dnit s&%w&@) Theowet o akyEbakmeHhswher ei n
t he assenbl y of catalytically_active ynes is regul ated by an input
event sel é&ledila Agiarpdien. é‘?@ﬁ”ﬁ%@?@p@lﬁgﬁ‘@ 655%9%e in: tenperature; salt

concentration; ionic strength, pH_divalent cation presence or absence,

type or c6RE#ARIr afabon. . Jell@@mrMcaI@ﬁhwen Hadn 61006) Brexygieozypiey diat sdcode
mani pul at |SO#E¥%Q%%£0@1 RQREaNL £ at e(gr%ﬁ%} Qpéé% or nodul at or conponent or

conponent om croenvi ronmnmen any conbl nation thereof. 20. A

nol ecu] ar at .l u oti.de artzyne
wher ei éﬁgMggrtfz;aﬁ Wcilr‘?gr’i ?‘eaéo“éfts'{"e gtEeg Bgé]?é@gg%ﬁm Y61 Brtl on, a
sensor ar gupor bériformatbnaNsuRs sIds@earanporti on, at | east one corrponent of
an assenbly facilitator, and | Sat | east one further oligonucleotide

conponent [ ge4sct epoddr @wt FReGl CUD 16QERIMSI, NEpFe SN ILY. adrd PAusBRAUSL Ot i de,
an activity inhibitor and an asserrbl i nhi bitor or any conbinati on thereof,

wher ei n s &@0dradi-BERs difsecpf Pﬁ%@’ﬁﬁbl% dtedt i AgnEDY ABFlEic e onent
nucl ei ¢ a(ﬁ?ﬁﬁ\l&%ﬁ% Cuﬂﬂé)fo%at %ﬂ%@al &e%yng%cﬁogggo%nt nucl eic acid inactive

proenzyne conposi tion conprising [feast tWwo or more ol i gonucl eoti de

component s (W el WaBlab £, Kanhietr SLLAANNG! oLl IFuGoRPAREALs ARG A, second

one are cap gﬁb €0 asse e pres nce of
at | east (h@ Mﬂlﬁspemﬁ[pmuv@cbf ibiNﬁyemzyt‘nebum eelisvhéthed B}u&ﬁellphﬂfchs@n@koaia | east

first and %& Fd> | j.gonucl eoti de conponents conprise a substrate arm
25porti on, Sm @)'cjég'e%porti on, and a sensor arm portion;

[ 00452} Zaborowska, Z., Fursts, J., BErdmann, V. and Kurreck, J. (2002) Sequence
requirements in the catalytic core of the "10-23" DNA enzyme. I Biol Chem, 277{43):
20 240617-22.



wherei n upon self-assenbly, the sensor armportion of said first and second
ol i gonucl eoti de conponents act as sensor arns, the substrate arm portion of
the first and second oligonucl eotide conponents act as substrate arns, and
the catalytic core portion of the firstg@and second ol i gonucl eoti de
conponents formthe non-functional catalytic core; 30and wherein
upon sel f-assenbly at | east one sensor arminteracts with said activity

i nhi bitor @ddM&ai d first and second ol i gonucl eoti de conponents are

mai ntained in proximty for association of their respective catalytic core
portions to forma nonfunctional catalytic core. 3522. The MNAi conposition
of claim 21 furltherA covpedlai Agiteit cPeassingrAd iggsleapd yolipaeidigatide opartzyme3

25. The N:me] %9@@%5%’} ngrﬂ%%t)nﬁhéé%tz@a&rou% f"g"@étﬁlwb @rﬂrelpﬁﬁ%n Lnedr drhe

activity I tor e activator asse facilitator domain., and
t he repor tperticdoaad A subgstente prk edrtigy. and albedss one rﬁtlk%”}er sliganuglegtismenraponent

substrate. selected frorf @he I@%g%przgﬁgcﬁnaé@@ﬁn%lyv‘@%t%id? JiBEn RediML LY shiupbRY tor

is a target or a subst onposi tion of any one of
cl ai ns 21 digoraglegtiee dinractivity ialwbitariang drrasspinblrinddimpor ses canbigeliwopegal

sequence %H%?%:ﬁrgdzcﬁlnjdec@%? s%?t'gpl i§ ERLAEY ot %rrﬁhgl LUt AES Al et VRJOO r

nore ol i gonucl eoti1 de conponent conposition of claim
21. or 22 (WhEr)ebmpiex. Ieast one conponent io of the MN Al cornprises an

apt amey, or port o fﬂeegﬁ@éh WheLHh N mfeiﬁpéaaf%wem RHrs08 4 Bga%fmdudwds a

| i gand 'sel ecte rom t group consistin nucl ei ¢ "aci ds, proteins,
gl ycopr ot eionmjex, smadsaliy h$gsoiiast ednmgex, @efmhsaswvomé@l\if\bﬂﬁ@,ea fully asgegtiash,

fungi, antj] B:_ﬁﬂlcgﬁy indBLa hed b&ﬁﬁiex BRL W@&nﬁ)& } H@cieiggaﬁmcﬂ@@ﬁl%en%esons

smal | nol ec rrers nmetal i1ons, netal salts, prions, and any
derivatlve{MNbertl ons or conbinations thereof. t 5

3. The switch of claim 1 or 2 wherein one or more of the partzyme sensor
15 arms, the partzyme substrate arms, the assembly facilitater oligonucleotide, the
substrate ofigonucleotide, the activity inhibitor or assembly inhibitor comprise at least one
region of self-complementarity.
4, The switch of any one of claims 1 to 3 wherein one or more of the partzyme
sensor arms, the partzyme substrate arms, the assembly facilitator oligonucleotide or the
20 substrate oligonucleotide further comprises at least one aptamer.
5. The switch of any one of claims 1 fo 4 further comprising at least one
stahiliser arm. |
6. The switch of any one of claims 1 to 5 wherein at least one component of
said switch further comprises at least one nanoparticle, microparticle, or combination
25 thereof.
7. Use of an MNA complex as a molecular switch, wherein
said complex transitions from an active to an inactive MNA complex or from an
inactive 10 an active MNA complex in response to an input avent,
said inactive MNA complex comprises a disassembled complex, a partially
30 assembled complex, a fully assembled cataiytically inactive MNA complex, or an MNA,
and
said input event results in the assembly of a catalytically active MNAzyme, or, the
disassembly of a catalytically active MNAzyme.
8. The use of claim 7 wherein said MNAI comprises an activity inhibitor which
35 comprises at least one of an activity inhibitor domain, an activator assembly faciliiator

domain, a reporter domain, a substrate domain, or any combination thereof.
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9. The use of claim 7 or 8 wherein transition to an active MNAzyme comprises
disptacement from said MNAI of at least said activity inhibilor or activity inhibitor domain.

10.  The use of claim 9 wherein said displacement comprises cleavage of a
cleavable substrate linking said activity inhibitor domain and said activator assembly
facilitator domain.

11.  The use of any one of claims 7 to 10 wherein the input event is selecled
from the group consisting of change in: temperature; salt concentration; ionic strength;
pH; divalent cation presence or absence, type or concentration; electric charge; magnetic
charge: physical manipulation; change in concentration of an MNA or moduiator
component or component of the microenvironment; and any combination thereof.

12.  The use of any one of claims 7 to 11 wherein the transition results in a
change in output signal.

13.  The use of claim 12 wherein the output signal is amplified.

14, The use of claim 7 or 8 wherein said inactive MNA complex lacks one
or more components required for assembly of a catalytically active MNAzyme, and said
one or more components is or are selected from the group consisting of an assembly
facilitaior, a stabilizer arm, a partzyme, and componants thereof.

15. A method of detecting a target using a cascade, wherein said cascade
comprises an initiating MNAzyme formed in the presence of said target; and a first
MNAzyme formed in the presence of a product of said initiating MNAzyme, wherein said
meathod comprises the steps of:

(M modifying a first substrate with said initiating MNAzyme to generate a first
assembly facilitator;

(i)  assembling said first MNAzyme with said first assembly facilitator; and

(i) modifying an additional substrate with said first MNAzyme;

and wherein said modification of at least one of said first or said additional
substrates produces a detectable effect indicative of the presence of said target.

16. A method of detecting a target using a cascade, wherein said cascade
comprises an initiating MNAzyme formed in the presence of said target; a first MNAzyme
formed in the presence of a product of said initiating MNAzyme; and an additional
MNAzyme formed in the presence of a product of said first MNAzyme; and wherein said

method comprises the steps of:
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(i) modifying a first substrate with said initiating MNAzyme to generate a first
assembly facilitator;

(i) assembling said first MNAzyme with said first assembly facilitator;

(i modifying an additional substrate with said first MNAzyme to generate an
additional assembly facilitator;

(iv} assembiing said additional MNAzyme with said additional assembly
facilitator;

(v} modifying said first substrate with said additional MNAzyme to generate
said first assembly facilitator;

(vi) assembling said first MNAzyme with said first assembly facilitator released
from (v) thereby forming an ampilification cascade; and

wherein said modification of at least one of said first or said additional substrates
produces a detectable effect indicative of the presence of said target.

17.  The method of ¢claim 15 or 16 wherein said detectable effect is detected by
at least one of fluocrescence spectroscopy, surface plasmon resonance, mass
spectroscopy, NMR, electron spin resonance, polarization fluorescence spectroscopy,
circular dichroism, immunoassay, chromatography, radiometry, photometry, scintigraphy,
electronic methods, UV, visible light or infra red spectroscopy, enzymatic methods or any
combination thereof.

18. A method for the detection of an assembly facilitator using a signal cascade
comprising a first MNAzyme, an MNA complex initially present in a substantially
cataiytically inactive form (MNAJ), and an activity inhibitor capable of being moedified by
said first MNAzyme to provide a detectable effect, wherein said activity inhibitor is both
an activity inhibitor and a potential substrate; and

wherein association of said assembly facilitator with partzymes for said first
MNAzyme under conditions permitting catalytic activity of said first MNAzyme facilitates
the catalytic activity of said first MNAzyme thereby providing modification of said aclivity
inhibitor to release an activator assembly facifitator domain and an activity inhibitor
domain of said activity inhibitor and wherein said release provides said detectable effect;
and

wherein said released activator assembly facifitator domain facilitates assembiy
of a second MNAzyme from components of said MNA complex;

wherein catalytic activity of said second MNAzyme modifies said activity inhibitor
to release further activity inhibitor domains and further activator assembly facilitator

domains, and wherein said release provides further detectable effect; and
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wherein said further aclivator assembly facilitator domains facilitate assembly of
additional second MNAzymes thereby providing further said catalytically active second
MNAzymes thereby providing further detectable effect indicative of the presence of said
assembly facilitator.

19.  The method of claim 18 wherein the assembly of catalytically active
MNAzymes is regulated by an input event selected frem the group consisting of changs
in: temperature; salt concentration; ionic strength, pH, divalent cation presence or
absence, type or concentration; electric charge; magnetic charge; physical manipulation;
change in concentration of an MNA or modufator component or component of the
microenvironment; and any combination thereof.

20, A molecular switch comprising:

at least one oligonucleotide partzyme, wherein said partzyme comprises at least
one of a catalytic core portion, a sensor arm portion, and a substrate arm portion,

at least one component of an assembly facilitator, and

at least one further oligonuclectide component selected from the group
comprising a substrate cligonucleotide, an activity inhibitor and an assembly inhibitor or
any combination thereof,

wherein said molecufar swiich is capable of forming a multicomponent nucleic
acid (MNA) complex.

21. A multi-component nucleic acid inactive proenzyme (MNAI) composition
comprising at least two or more coligonucleotide components wherein at least a first
oligonucleotide component and a second oligonucleotide component are capable of self-
assembly in the presence of at least one MNA complex activity inhibitor wherein sach of
said at least first and said second oligonucleotide components comprise a substrate arm
portion, a catalytic core portion, and a sensor arm portion;

wherein upon self-assembly, the sensor arm portion of said first and sacond
oligonuclectide components act as sensor arms, the substrate arm portion of the first and
second oligonucleotide components act as substrate arms, and the catalytic core portion
of the first and second oligonucleotide components form the non-functional catalytic core;
and

wherein upon self-assembly at least one sensor arm interacts with said activity
inhibitor and said first and second oligonuclectide components are maintained in
proximity for association of their respective catalylic core portions o form a non-
functional catalytic core.

22.  The MNAi composition of claim 21 further comprising at least one assembly
facilitator.

23, The MNAI composition of claim 21 or 22 wherein said activity inhibitor
comprises at least one of an activator assembly facilitator domain, activity inhibitor
domain, a reporter domain, a substrate domain, or any combination thereof.

24, The MNAI composition of claim 23 wherein at least two of the aciivity
inhibitor demain, the activator assembly facilitator domain, and the reporter domain are
located on distinct domains of the activity inhibitor.
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25 The MNAI composition of claim 23 or 24 wherein at least two of the
activity inhibitor domain, the activator assembly facifitator domain, and the reporter
domain, are linked by a labile linker or a cleavable substrate.

20, The MNA1 of claim 21 wherein the activity inhibitor is & target or a
substrate.

27, The MNAi composition of any one of claims 21 to 26 wherein the activity
inhibitor comprises a nucleotide sequence substantially non-complementary to al leasi
ane of said two or more oligonucleotide components.

28, The MNAI composition of claim 21 or 22 wherein at least one component
of the MNAI comprises an aptamer or portion thereof wherein said aptamer or portion
thereof binds a ligand selected from the group consisting of nucleic acids, proteins,
glycoproteins, lipids, lipoproteins, ceils, viruses, bacteria, archaca. fungi, antibodies,
metabolites, pathogens, toxins, contaminants, paisons, small molecules, polymers, metal

ions, metal salts, prions, and any derivatives, portions or combinations thereof,



