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CLAIMS _ _
1. A composition comprising a first Enzyme Amplifier Substrate oligonuclegtide
(EAST) and a second Enzyme Ahlpliﬁer Subsirate oligonucleotide {(EAS2), whereis:

a portion of the EAS1 is complementary to a portion of the EAS2,

the EAS1 and EAS2 form a first Complete Enzyme Signal Amplffier (CESA)

complex comprising a recognition and a cleavage sequence for a first nclease only on .

assembly with a first Driver Fragment oligonucleotide (DF),

cleavage sequence. _
2. A composition comprising an EAS, an EAS2, and a first nuclease, wherein:
a portion of the EAS! is complementary to a portiph of the EAS2,

the EAS1 and EAS2 form a first CESA complex comprising a recognition sequence

* and a cleavage sequence for said first imclease only’on assembly with a first DF,

a portion of the first DF is complementary/io a portion of the EAS1, and

binding of the first DF {o said EAS1 A omplete-s a partial nuclease recognition or
cleavage sequence. -
3. A cofnposition comprising a mulg -corﬁpcnen_t nueleic acid enzymé (MNAzyme), an
MNAzyme subsirate, an EASL an BAS2, and a first nuclease wherein; _

the MNAzyme comprises {least a first partzyme and a second partzyme that self-

assemble 1n the presence of gh MNAzyme assembly facilitator to .form the MNAzyme, N

wherein each of said at legst first and said second partzymes comprise a substrate arm
portion, a catalytic core/portion, and a sensor arm portion, and wherein the sensor arms
interact with said MM Azyme assembly facilitator so as to maintain the first and second

partzymes in proxihity for association of their respectii«’e catalytic core portions to form

. the catalytic coré of the MNAzyme and said catalytic core is capable of modifying said

MNAzyme gribstrate to form a first DF;

and herein:

a/portion of the EAS] is complementary to a portlon of the EASZ and a pomon of

the I ASTis complementary to a portion of the first DF,
_ " - the first DF is capable of assembly with the EAS1 and the EAS2 to form a first
CESA complex containing a recognition site and a cleavage site for said at least first

nuclease; and
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binding of the first DF to said EAST completes a pamal nuclease recogmtlon At

cleavage sequence.

4. The composztmn of claim 3, whérein said MNAzyme substrate is a first strapfl of an

hybridised 1o bases of the second strand, and wherein the MNAzymg# is capable of
cleaving the internal loop portion. /
5. The composition of claim 4, wherein said second strand comppises the first DF.
6.  The composition of claim 4 or claim 5, whersin said firs¥and second strands are
0 linked at one end by a hairpin loop portion. /
7. The composition of claim 3, wherein said MNAZyple substrate is a hairpin loop
portion of a hairpin oligenucleotide, said MNAzyme iy capable of c!éaving the hairpin
loop portion, and said first driver tra,gment is lecatc in one strand of a double stranded
stem portion in said hairpin oligonucleotide. .
15 8  The composition of any one of claims 3 §6 7, wherein the assembly facilitator is a
target to be identiﬁed -
"9 A composmon comprlsmg a first Synthetic Initiator Oligonucleotide (SI0), an
EAS!, an EAS2, a first nuclease, and afecond nuclease wherein: |
the SIO is capabie of hybridiging with a target to form a duplex substrate whereln
20 said first nuclease is capable of gfeaving the duplex substrate to generate a first DF; and
 wherein: . |
a portion of the EASVis complementary fo a portion of the EAS2 and a portion of
the EASI 1s complemenéry to a portion of the first DF,
‘the EAS1 and A e EAS2 form a first CESA complex containing a recognition
15 sequence and a clgbvage sequence for said second nuclease only on assembly with the ‘
' first DF, and |
binding of the first DF to said EAS] completes a partiai.nuciease recognition or
'clcavage sgquence. - | '
10. THe composition of claim 9, wherexn said first nuclease is capabie of cleaving the
30 SIO 6 generate said first DF only when the SIO is hybridised with the target.
17/ The composition of claim 9, wherein said first nuclease is capable of cleaving the
target to generate said first DF only when the target is hybridised with the S10.

12. The composition of claim 11, wherein said first nuclease is not a restriction enzyme.
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13, The composition of any one of claims 9 to 12, wherein said first nuclease is
exonuciease |
14.  The composition of any one of clalms 9 to 13, wherein the first and second nugdcase
are the same nuclease. _
s 15. The composition of any one of claims 9 to 13, wherein the first
nucleases are different nucleases, 7 , _
16. The composition of any one of claims 1 to 8, wherein said first ny€lease is capable
of cieavmg a double stranded oligonucleotide comprising a nick in/t least one of two
strands forming said first CESA complex. /
10 17. The composition of any one of claims 9 to 15, whereip aid second nuclease is
capable of cleaving a double stranded oligonucleotide compyiSing a- nick in at least one of
two strands forming said first CESA complex. '
18, The composition of claim 16 or claim 17, wherfin said nick is located within the
nuclease recognition site, at the nuclease cleaydge site, or between the nuclease
15 re;:ognition and cleavage sites. _ '
19.  The composition of any one of claims Y6 to 18, wherein said nuclease is selected
from the group consisting of Mul I, Rsa 1, Be 1, Hpy 81, Msp I, Ear 1, and TspR L.
20.  The composition of any one of clfims 1 -to 19, wherein binding of the first DF to
said EAS] completes a partial nucleagé recognition sequence.
20 21, The composition of any ang/of claims 1 to 19, wherein binding of the first DF to
said EAS1 completes a partial piclease cleavage sequence.
22, The composition of clgim 20 or claim 21, wherein the first DF contributes at least
one base to said sequence/
23. The composition/of any one of claims 20 to 22, wherein %he first DF contr;butes at
25 Ieast two bases to spfd sequence.
24. The compoéition of any one of claims 20 to 23, wherein the first DF contributes at

least three bagés to said seguence.

30 . /The composition of any one of claims 22 to 24, wherein said bases are immediately

27.  The composition of any one of claims | to 26, wherein said EAS1 and EAS?2 are

components of a hairpin oligonucleotide comprising a double-stranded stem portion
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formed by hybridisation of complementary portions of said EASI and the EAS2, and
hairpin loop portion Iinking onie end of said EAST with one end of said EAS2.

28. The composition of claim 27, wherein said halrpm loop portion ¥ an
o[zgonucieonde linker or a non-oligonucleotide linker. _

s 29, The composmon of claim 27 or claim 28, wherein said hairpin oliggnucleotide
comprises a single stranded 5 or 3 overhang p"ortio,n extending from eithe of said EAS]
orEAS2. -

30.  The composition of any one of claims 1 to 29, wherein a pori6n of said EAS! or
EAS2 comprises a second DF, and wherein said second DF 4an be released upon
10 modification of said first CESA complex by the nuclease. |
31.  The composition of any one of claims 27 to 29, whe bin a portion of said hairpin
loop pértion: comprises a second DF, and wherein said sgeond DF can be reieased upon
modification of said first CESA complex by the nucleagt.
32. " The composition of claim 36 or claim 31, whefein said first DF and said second DF
15 are not identical. o R .
33, The composition of claim 30 or claim 3 ¥, wherein said first DF and said second DF
are identical. _
34. The composition of claim 36 or cjdim 31, wherein said second DF is a fragment of
said first DF, or said first DF is a frag \ent of said second DF. |
26 35, The composition of claim 23 or claim 34, wherein said second DF,; EASI, and
EAS?2 are capable of assembly 36 form said first CESA corﬂplex.
36. The composition of apf one of claims 30 to 32, further comprising a third Enzymé
Amplifier Substrate oligghucleotide (EAS3) and a fourth Enzyme Amplifier Substrate
oligonucleotide (EAS4), wherein a portion of the EAS3 is complementary to-a portion of
15 the EAS4 and a pog#ion of the EAS3 1s complementary o a portion of the second DF, and

wherein the EASS and the EAS4 form a second CESA complex containing a recognition

sequence and/A cleavage sequence for an addifional nuclease only on assemblj with the

3.7. Thé composition of ¢laim 36, wherein the EASf: or EAS4 comprises a third DF.
3 38, e composition of claim 37, whereih the third DF is wdentical to said first DF,
The composition of ¢laim 37, wherein the third DF is not identical said first DF,
The composition of any one of claims 36 to 39, wherein said additional nuclease is

identical to another nuclease in said composition.
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41. The composition of any one of claims 36 to 39, wherein said additional nuclease iy
not identical to another nuclease in said composition, and wherein said composijfon
comprises said additional nuclease. _ |
42. The composition of any one of claims 36 to 41, wherein said additional nyflease is
capable of cleaving a double stranded oligonucieotide comprising a nick in .a,t feast one of
two strands forming said second CESA complex _
lease is selected
from the group consisting of Mul I, Rsa I, Pme I, Hpy 81, Msp 1, Ear Jand TspR 1

44. The composition of any one of claims 36 to 43, wherein bigding of the second DF
to said EAS3 completes a partial nuclease recognition seg
cleavage sequence. | | ‘ '
45. The compe-sitién of any one of claims 36 to 43, wherein the second DF does not
contribute any E?ases to séid nuclease recognitioﬁ se¢fiuence or said nuclease cleavage
se'quence.- a
46, The compoéition of any one of claim,-s. 36 40 45, wherein said EAS3 and EAS4 are
components of a hairpin oligonucleotide cmpﬁsing a double-stranded stem portion
formed by hybridisation of complementagy
AR3 with one end of said EAS4.

47. The composition of claim /46, wherein said hairpin loop portion is an

loop portion linking one end of said E
oligonucleotide linker or a non-oljgonucleotide linker.
48. The composition of clajm 46 or claim 47, wherein said hairpin oligonucleotide
comprises 2 single stranded
or EAS4. _ ‘
49. A composition omprising a first complex, said first complex comprising a
backbone oligonugleotide, an EASI, an _EASZZ, an BAS3, and an E.ASfi, wherein said

3 or3’ overhang portion extending from either of said EAS3

compfises a second DF,

the EAS] and the EAS2 form a first CESA complex containing a recognition
sequence and a cieavagc sequence for a first nuclease only on assembly with said first
DF, and '
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binding of said first DF to said EAS2 completesa partial nuclease recognitio)
sequence and/or a partial nuclease cleavage sequence; [ |
(if) a second portion comprising said EAS3, wherein a portion of said EAS3 is
complementary to a portion of said EAS4, a portion of said EAS3 is complemepftary to a
s portion of the second DF, and a portion of said EAS? or EAS4 comprises x first DF,
and 'wherein the EAS3 and the EAS4 form a second CESA compley containing a
recognition sequence and a cleavage sequence for a second nuclease gnly on assembly

with said second DF; and |
() a third portion connecting the first and second éorﬁon /
1w 50. The composition of ciéim'iﬁ»f}, further comprising 2 secd complex, said second
nzyme Ampiifier Substrate
Ohigormmcleotide (EASS), a sixth Enzyme Arﬁpiiﬁer Substrate Oligonucleotide (EAS6), a
seventh Enzyme Amplifier Substrate Oligonucleotid# (EAS7), and an eighth Enryme

complex comprising a. backbone oligonucleotide, a fifth

Amplifier Substrate Oligonucleotide (EASB),. whérein said backbone oligonucleotide

15 comprises: | . . _
(f) a first portion comprising sai& YASS, wherein 'a portion of szﬁd EASS 1s
complementary to a portion of said EAS6, 4 portion of said EASS is complementary to a
/of said EASS or EAS6 comprises said first DF,

EAS6 form a third CESA complex containing a

portion of said second DF, and a portiop

and wherein the EASS and the

0 recognition sequence and a cleavage sequencle for a third nuclease only on assembly with
said second DF; and _

(i) a second portion/comprising said EAS7, wherein'a portion of said .EAST 18
complementary to a portion of EASS8, a portion of said EASS is compigmenfm"y to a
portion of said first D/ and a portion of said EAS7 or EASS comprises said second DF;

5

0 . /he composition of claim 50, wherein EAS! is identical to EAS7, EASZY is identical

$2. The coxﬁposition of claim 50-or claim 51, wherein the first nuclease is identical to

the third nuclease, and/or the second nuclease is identical to the fourth nuclease, and/or

the first, second, third and fourth nucleases are identical.
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53.  The composition of any one of claims 50 to 52, wherein first and second complexes,
are hybridised via their respective complementary third portions forming a first douple
complex. ) ' _

54. The composition of claim 53, wherein said first double complex is lir o a
second double complex.

55.  The composition of claim 54, wherein said first double complex is finked to said
second double complex by linking any one or more of EASI-EASS of aid first double
cmp%@: with any one or more of EAS1-EASS of said second double gbmplex.

56. The composition of claim 54 or claim 55, wherein said -. double complex is
hinked to said second double complex by linking EAS2 and/or £ASE of said first double
complex with EAS2 and/or EASS of said second double comp ex.

57. Th»e compesition of claim SS or claim 56, wherei said linking is achieved using
ahy one or more of chemical hybridisation, antiﬁ dies, oligonuciestide lmkers, non-
oligonucleotide linkers, covalent bonding and peptigé linkers. .

58. - The composition of claim 55 or claim 54 wherein said linking is gxchieved via
biotinylation of any one¢ or more of said Eng e‘AmpIiﬁér Substrate Oligonucleotides
and the complexing of multiple Wotinylated Enzyme Amplifier Substrate
QOligonucleotides using avidin. |

59. The composition of any one gf claims 49 to 58, wherein said first and/or said

second nuclease is capable of cledving a double stranded oligonucleoﬁdc comprising a

" nick in at least-one of two strangs forming said second CESA cbmplex

60. The composition of ady one of claims 49 to 59, wherein said first and/or said
second nuclease is selected from the group consisting of Mnl I, Rsa 1, Pme 1, Hpy 81, Msp
I, Ear 1, and TspR1. /

61. The composition of any one of claims 50 to 60, wherein hinding of said first DF to '

said EAS2 or BASE and/or the binding of said second DF to said EAS3 or BASS
completes a rtial nuclease recognition sequence and/or a partial nuclease cleavage
sequence. -

62. TH€ composition of any one of claims 50 to 61, wherein a pair of Enzyme Amplifier
Subsjfates selected from EASY and EAS2;- EAS3 and EAS4; EASS and EAS6; and EAS7

and EASS, is a component of a hairpin oligonucleotide comprising a double-stranded

fotem portion formed by hybridisation of complementary portions of each member of said

pair, and a hairpin loop portion linked to one end of the stem portion.
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63. The composifion of claim 62, wherein said hairpin loop portion is
oligonucleotide linker or a non-oligonucleotide linker.
64. The composition of claim 62 or claim 63, wherein said hairpin oligonuclgbtide
comprises a single stranded 5” or 3’ overhang portion. - |
65. A composition comprising: :
(i) a SIO, said SIO comprising a first portmn complementary to ¥ target strand
and a second portion that is not complementary to said target strand,
and second portions are separated by a phosphorothicate, and sfid second portion
comprises a first DF; and, '
(i) 2n EASI and an EAS2, wherein
- a portion of the EASI is complementary to “portion of the EAS2 and
hybridization of the EAST and the EAS2 provides a dug)l structure with a 3° overhang
~a portion of the EAS] is complementary f0 a portion of the first DF, and
the E_ASl andlthe EAS2 are capap

comprising a recessed 3° end capable of digeglion by a first nuclease, only on assembly

e of forming a first CESA complex

66. The composition of claim 65, yherein said SIO is a hairpin oligonucieotide
comprising a double-stranded stem/formed by hybridisation of two complementary
portions, a single stranded hairpin }oop, and a 3’overhang.

67" The composition of claim/65 or claim 66, wherein the'nucieasé is an exonuclease.

68. 67, Wherein the exonuclease cannot digcst single stranded

76. osxtlon of claim 69, whercm the exonuclease is selected from the group

consisting #f Nuclease BAL-31, Exonucieasa L Exonuclease 11, T7 Exenuclease, T7
Exonucle sc land Exonuclease T.

71.
1174

72.  The composition of claim 69, wherein the endonuclease is T7 Endonuciease I,

he composition of claun 69 or claim 70, wherem the exonuclease is Exonuclease

RNase H, Flap Nuclease, or Mung Bean Nuclease.
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73.  The composition of any one of claims ! to 72, wherein any said EAS comprises oge
or more detectable labels. | '
- 74. The cdmposition of any one of claims 1 to 73, wherein any said EAS compftises a
fluorophore portion and/or a quencher portion. |
5 75. The composition of any bne. of claims 1 to 74, wherein any said partzygie, assembly
facilitator, MNAzyme substrate, DF, EAS1, EAS2, EAS3, EAS4, EAS 4 BEAS6, EAST,
EASS, or SIO comprises at least one nucleotide substitution or additiop selected from the
group consisting of phosphorothicate, . 4.gcbtyleytidine, —  5-
(carboxyhydroxyhnethyDuridine, 2-O-methvicytidine, S-carp xymaf{xyiamimmethyi
10 thiouridine, dihydrouridine, 2'-O-methylpseudouridine, beta [F-galactosylqueosine, 2'-O-
methylguanosine,  inosine, | Né-isopentenyiadcnosiﬁe 1-methyladenosine, 1-
methyipseudouridine, i-methy}guanmsiaeg t-methylinogine, 2,2-dimethylguanosine, 2-

methyladenosine, 2-methylguanosine, 3-methyleftidine, S-methyleyiidine, N6-

methyladenosing, 7-methylguanosine, -niethylaminomethyluridine, 5~
15 methokyaminomethyl&-thiouridine,' beta /' D-mannosylmethyluridine, — 5-
" methoxycarbonylmethyluridine, ethoxyuﬁdine, _ 2~methy1thi0~N6~r
isopentenyladenosine, - o ~((9~Beta-rib0ﬁ1ranosyl-Z-methyithiopurihe-ﬁ—
ylcarbamoyljthreonine, N~((9Qbeta~ribofuranosylpurine-ﬁ-yl)N-mcthyl-

carbamoyD)threonine, uridine-S-oxygéetic acid methylester, uridine-s-oxyacetib acid (v),

20 wybutoxosine, pseudouridine, #ueosine, 2-thiocytidine, S-methyl-2-thiouridine, 2-
thiouridine, ~4-thiouridine, / S-methyluridine, ~ N-((9-beta-D-ribofuranosylpurine-6-
yhearbamoyl)threonine, 2';O-methyl-5-methyluridine, 2'-O-methyluridine, wybutosine,
3-(3-amino-3-carboxypropyl)uridine, beta D-arabinosyl uridine and beta D-arabinosyl
thymidine. |

25 . 76.  The compositidn of any one of claims 3 to 8, wherein at least one of the MNAzyme

portion theregf.

77. The gomposition claim 76, wherein the aptamer or portion thereof comprises at
30 ination thereof.

partzyme, MNAzyme substrate, EAS1, EAS2, EAS3, EAS4, EASS, EAS6, EAS7, EASS,
S10, DF or nuclease is attached to a solid support. '
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79.  The composition of any one of claims 1, 2, or 49, wherein said first DF is produced
only in the presence of a target. .
80. The composition of any one of claims 3, 9 or 49, wherein said first DF is di inct
- from said target. |

s 81. The composition of claim 1 or claim 2, wherein said composition is for detecting a
target, and first DF 1s distinct from said target.
82. The composition of any one of claims 1 to 81, wherein any said EAS can hybridise
with another EAS to from a Partial Enzvine Signal Amplifier {QESA} ‘omplex capable of
hybridizing with more than one DF.

10 83. The composition of any one of claims 3 to 8, wherein sai composiﬁon comprises
first and second MNAzymcs-spéciﬁc for different portions of/A target molecule.

84. The composition of claim 83, wherein said M z},rmcs' specific for different
portions of said target molecule recogni.z'.ﬁ and cleave thé saime substrate upon assembly in
the presence of said target. o ' ' |

is 85, The composition of an'y one of claims 3 to § wherein said composition comprises at
least two different MNAzymes having specifi for distinct targets.

86. The composition of claim 9 or claig 65, wherem said composition cornpnses at
least two different SI0 with complemengérity for distinct targets,
87. The composition of any one of glaims 1 to 3, 9, 49 or 65, wherein said composition -

20 comprises at least two distinet first CESA complexes assembled with a different first DF.
88. A method for detecting a Jrget comprising: | ‘

(a) providing two oymore parizymes and at least one multi-component nucleic
acid (MNAzyme) substrafC, wherein the partzymes self-assemble in the presence of the
target to form at least gfie MNAzyme;

25 . (b) contactipg the partzymes with a sample putatively containing the target under
conditions perm" {ing self-assembly and catalytic activity of the MNAzyme, and wherein
catalytic' actiyity of said MNAzyme produces a first Driver Fragment oligonucleotide
{DF) from 4id at least one MNAzyme substrate; .

{c)/ providing a first Enzyme Amplifier Substrate Ohgonucieotlde (EAS1) and a

30 second Enzyme Amplifier Substrate Ollgonucleotlde (EAS2) wherein a portion of the

Ex 51 is complementary to a portion of the EAS2, and wherein a portion of the EAS1 is

Lomplementary to a portion of the-ﬁrst DF and;

(d) contacting the EAS1 and the EAS2 with the first DF under conditions

permitting;
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(1) assembly of the first DF with the EAS1 and the EASZ to form a first/

Complete Enzyme Signal Amplifier (CESA) complex, and
(2) formation of a recognition site and a cleéwagc site for a first nuckase,
wherein binding of the first DF to said EASI complétes a partia}‘ nuclease recogniion site
and/or a partial nuclease cleavage site;
(e} = providing the first nuclease; and

(fy contacting the first nuclease with the first CESA complex 4nder conditions

permitting interaction of the nuclease with the recognition site.gfid cleavage at the

cleavage site wherein the cleavage by said first nuclease prod a detectable effect
mdicative of the presence of the target.

89.  The method of claim 88, wherein said first nuclease is apable of cleaving a double

stranded oligonucleotide comprising a nick in at least offe of two strands forming said

recognition site and/or said c!.eax}age: stte for said first phclease.

90. The method of claim 88 or claim 89, wherein/he first DF is produced by cleavage
of the MNAzyme substrate. - _ -

91. The method of claim 88 or claim 89, whefein the first DF is produced by ligation of
two or more MNAzyme substrates. ‘ |

92, The method of any one of claims/48 to 90, wherein said MNAzyme- substrate is a
first strand of an oligonucleotide copiplex comprising first and second strands, wherein

said first strand comprises an inirnal loop portion and bases within the internal ioop

" portion are not hybridised to baes of the second strand, and wherein the MNAzyme is

capable of cleaving the interpal loop portion. o .
93. The method of claind 92, wherein said second strand comprises the first DF,

94. The method of #aim 92 or claim 93, wherein said first and second strands are

 linked at one end by/a hairpin loop pbrtion.

95. The method of any one of claims 88 to 90, wherein said MNAzyme substrate is a

hairpin loop portion of a hairpin oligonucleotide, said MNAzymé is capable of cleaving

the hairpinoop portion, and said first driver fragment is located in one strand of a double

stranded/Stem portion in said hairpin oligonucleotide,
96. /A method of detecting a target comprising:

() providing at least a first Synthetic Initiator Oligonucleotide (SIO);

(®) | contacting the SIO with a sample putatively containing the target under
conditions permitting hybridizing of the SIO with the target thus creating a duplex

substrate for a first nuclease;
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{¢) providing a first nuclease capable of cleaving the duplex substrate formed by’
hybridization of the SIO and the target wherein cleavage of the duplex substrate by A e
first nuclease generates a first DF; ..

' (d) providing an EAS! and an EAS2 wherein a portion of the E

s complementary to a portion of the EAS2, and wherein a portion of th¢ EASI is

complcmentary to a portion of the first DF and; /
{e) coniacting the bASI and the EASZ with the first DF dnder condmons

permitting: . ' _

(1) assembly of the first DF with the EAS! and the AS?; to form a first

16 CESA, and - '

| (2) formation of a recognition site and a cleavgge site for a second nuclease,

wherein binding of the first DF to said }EASI completes gpartial nuclease recognition site
and/or a partial nuclease cleavage site; |
(f) providing a second nuclease; and -

15 (g)  contacting the second muclease with the first CESA under conditions
permitling interaction of the second nuclease ¥ith the recognition site and cleavage at the
cleavage site wherein cleavage by the sgcond nuclease produces a detectable effect
indicative of the presence of the target s
97.  The method of claim 96, whe ¢in the ﬁrst nuclease cleaves said SIO to genem‘te

20 said first DF only when said SIO iy’ ybmdxsed with the target.

98.  The method of claim 96 Avherein the first nuclease cleaves said target to generate
said first DF only when said fhrget is hybridised with the SIO. |

99.  The method of claind 8, wherein said first nuclease is not a restriction enzyme.

100. The method 01‘ 4 y' one of claims 96 to 99, wherein said first nuclease is an

25 exonuclease, _ _ |
101. The methof any one of ciaims 88 to 100, wherein cleavage of the first CESA
complex alloyfs. release of a further DF, and the further DF assembies with furither

30  detectible effect and releasc further DF, thereby facilitating a further morease in the
de table effect.
102. A method of detecting a target using a cascade comprisi'ng:

(a) producinga first DT, wherein said first DF is produced only in the prescncé of

said target,
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(b) providing:

{1y an EAS1 and an EAS2 wherein:

a portion of the EAS1 is complementary to a portion of the EAS2;

a portion of the EAS1 is complementary to a portion of the first DF; 4

5 - a portion of the EAS] or the EAS2 comprises a second DF;
and, | |
_ (ii) a third Enzyme Amplifier Substrate Oligonucleotide (EAS3) and a
fourth Enzyme Amplifier Substrate Oligonucleotide (EAS4) wherein/
a portion of the EAS3 is complementary to a portion ¢f the EAS4;
16 a portion of the EAS3 is complementary 1o a portig ( of the second DF;

(¢} contacting: ' : _

() the EASI and the EAS2 with the fiét DF of (a) under conditions
permitting assembly of the first DF with the EAST 34d the FAS? to form a first CESA
complex comprising a recognition site and a cleayage site for a first nuclease, wherein

15 binding of the first DF to said EAS] completes g artiai nuclease recognition site and/or a
partial nuclease cleavage site; _ -

(i) the first CESA complgk with the first nuclease under conditions
permitting interaction of the first nucledse with the recognition site and cleavagc site of
the first CESA complex, wherein gleavage at the cleavage site by the first nuclease

20  releases the second DF; 7

(d) contacting:

- (i) the EAS3/ and thel EAS4 with the second DF under conditions
permitting assembly of e second DF with the EAS3 and the EAS4 to form a second
CESA complex comppfsing a recognition site and a cleavage site for a second nuclease;

25 - (i) the second CESA complex with the second nuclease under conditions
permitting intergétion of the second nuclease with the recognition site and cieavage site of
‘the second CESA complex, wherein the second nuclease cleaves said second CESA
complex aifaid cleavage site;

and wherein cleavage of said first CESA complex and/or said second CESA

30 complex produces a detectable effect. _
J8. The method of claim 102, wherein cleavage of said first CESA complex and said
/econd CESA complex each produces a detectable effect. _ _
104. The method of claim 102 and claim 103, wherein said first nuc'iease and said second

nuclease are the same nuclease.
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105. The method of claim 102 and claim 103, wherein said first nuclease and said second/

nuclease are different nucleases.
106. _The.‘ method of.any one of claims 102 to 105, wherein a portion of said EAZ
said EAS4 comprises an additional DF and cleavage at said cleavage site of the’second
CESA complex by the second nuclease releases said additional DF. .
107. The method of claim 106, wherein a portion of said additional DF is ¢cémplementary
to a first portion of a fifth Enzyme Amplifier Substrate Cligonucieotide 'ASS), wherein
a second portion of said EASS is complementary to a portion of a sixti
Substrate Oligonucieotide (FAS6), and wherein said EASS and F44
additional DF to form third CESA complex. /
108. The method of claim 106, wherein: - o -

(i}  a portion of the additional DF 15 identical to sa#d first DF;

(i) the additional DF is identical to said first DR s or

(iif) the additional DF is a fragment of said /&t DF;

and wherein said additional DF can asse ---' with said EAS] and EAS2 to form
said first CESA complex.

Enzyme Amplifier

6 assemble with said

109. A method of detecting a plurality of d#tinct targets using a cascade comprising:

(a) producing at least a first PV and a second DF, wherein said first DF is

produced only in the presence of a fyfst target, and said second DF is producéd only in

the presence of a second target, / ' o
(b) providing:

. (i) anEAS!

a portm

agld an EAS2 wherein:
of the EAS! is compiementary to a portion of the EAS2:

a pogtion of the EASI 1s complementary to a pomon of the first DF and’

EAS3 and an EAS4 wherein:
a portion of the EAS3 is complementary to a portion of the EAS4:

(i)

a portion of the EAS3 is complementary to a portion of the second DF,

contacting:

Ating assembly of the first DF with the EAS1 and the EAS2 to form a first CESA

plex comprising a recognition site and a cleavage site for a first nuclease, wherein

pe

inding of the first DF to said EAS1 completes a partial nuclease recognition site and/or a

partial nuclease cleavage site;
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(ii)‘ the first CESA compicx with the first nuclease under conditions'

said cieavage site produc;ng a first detectable effect
5 (d) \contacti'ng: | o :
(1) the EAS3 and the EAS4 with the second DF undér conditions
permitting assembly of the second DF with the EAS3 and the EAS4 J< fom a second

CESA complex comprising a recognition site and a cleavage site for géecond nuclease;

(i) the second CESA complex with the second nuglease under conditions
w0 perrnitting inferaction of the second nuclease with the recognitipf ‘site and cieavage site of
the second CESA complex, wherein said second nuclease/cleaves said second CESA
complex at said cleavage site producing a second detecta effect; _ _
and wherein said first detectable effect is distinct from said second detectable effect.
{10, The method of claim 109, wherein said first pliclease and said second nuclease are
i5  the same nuclease. _
111. The method of claim 109 and claim 110, -. hérein séid first nuclease and said second
nuclease are different nucleases.

112. The method of any one of claims 09 to lli, wherein

(i) a portion of said' EAS}/or said EAS2 comprises an additional DF and
w  cleavage at said cleavage site of the first CESA complex by the first nuclease releases
said additional DF, and ' ‘

(iiy said adﬁitional’ DF assembles with at least two additional EAS
oligonucleotides to form/an additidnal CESA complex and cleavage of said additional
‘CESA complex by a nyclease increases said first detectable efxect

25 113, The method of any one of claims 1(}9 to 112, wherein S o |

i a pozon of said EAS3 or said EAS4 comprises' an additional DF and
cleavage at cleavage site of the second CESA complex by the second nuclease
releases c additional DF; and

" said additional DF assembles with at least two additional EAS

30 i ucieotades to form an additional CESA complex and cleavage of said addltlonal

114, A method of detecting a targét using a cascade comprising:
(a} producing a first driver fragment, wherein said first driver fragment is

provided only in the presence of said target;
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(b) providing:
(iy an EASI and an EAS2 wherein:
a portion of the EAS1 is complementary to a portion of the EAS2;

a portion of the EASi is complementary to a portion of the first DF;
5 : a portion of the EAS1 or EAS2 comprises a second DF; and
- the EAS1 or the EAS2 is tethered to a support;
(i) an EAS3 and an EAS4 wherein:

a portion of the EAS3 is complementary to a portion of t

_ a portion of the EAS3 is complementary to a portion ofthe seecond DF;

oo a portion of the EAS3 or EAS4 comprises a third DY and

| the EAS3 or the EAS4 is tethered to a support;
(c) contacting: _ :

(1}  the BEASI and the EAS2 with said fi_rsi DF of (a) under conditions
permitiing assembly of the first DF with the EAS}/and the EAS2 to form a first CESA

15 coxﬁpﬁsing a recognition site and a cleavage sitg for a first nuclease, wherein binding of
the first DF to said EAS1 completes a partigd nuclease recognition site and/or a partial

- nuclease cleavage site; _ | '

(il the first CESA with/the first nuclease under conditions permitting |
interaction of the first nuclease withf the recognition site and cleavage site of the first

0 CESA, wherein cleavage at said ¢ avagé site by the first releases the second DF;

“(d) contacfing:

(i) the EAS3/and the EAS4 with the second DF under conditions
permitting assembly of tde second DF with the EAS3 and the EAS4 to form a second
CESA comprising a redognition site and a cleavage site for a second nuclgase;

15 . (i) the second CESA with the second nuclease under conditior_ls permitting
interaction of theecond nuclease with the recognition site and cleavage site of the segond
CESA, whcr cleavage at said cleavage site by the second nuciease releases the third
DF which ohn assemble with said EAS1 and EAS2 to form said first CESA,;

i Wherein cleavage of said first CESA complex and/c}r- said second CESA

30 complex produces a detectable effect, |

18, The method of any one of claims 102 to 114, wherein said first DF of (a) is
/roduced by |
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contacting a SIO with a sample putatively containing the tméet under condition
permitting hybridizing of the SIO with 'thc target to form a duplex structure amenab}é to
modification by an initiator nuclease, and .
contacting the duplex structure with said initiator nuclease,
5 wherein modification of paired or unpaired regions in the duplex stryture by the

initiator nuclease releases said first DF,

116. The method of any one of claims 109 to 113, wherein said segbnd DF of (a) is
produced by '

contacting a SIO with a sample putatively containing the farget under conditions

10 permitting hybridizing of the SIO with the target to form a dyflex structure amenable to
maodification by an initiator nuclease, and . '
contacting the duplex structure with said initiator nyClease, .
wherein modification of paired' or unpaired regions in the duplex stmct@ré by the
initiator nuclease releases said second DF.
i 117. The method of claim 115 or claim 116, wHerein said initiator nuclease cleaves the

810 to gencrate said DF only when the SIO ishybridised with the target.

" 118. The method of claim 115 or claim 6, wherein said initiator nuclease cleaves the

target to generate said DF only when the/target is hybridised with the SIO.

119. The method of claim 118, wherein said initiator nuclease is not a restriction
20 enzyme.
120, The method of any one ¢f claims 115 to 119, wherein _séi_d initiator nuclease is an
exonuclease. ' A '
121. The method of any'one of claims 115 to 120, wherein said SIO is attached to a
support. _ | | |
s 122 The inetho_d #f any one of claims 102 to 114, wherein said first DF of (&) is -
produced by proj ing twa or more partzymes and at least one MNAzyme substrate, and,
contacting the/partzymes with a sample putatively containing the target under conditions
permitting gelf-assembly and catalytic activity of the MNAzyme in the presencerof said

target, wherein said catalytic activity modifies said substrate thereby providing said first

1 DF. . | ' ‘
127, The method of any one of claims 109 to 113, wherein said second DF of (a) is
' produced by providing two or more partzymes and at least one MNAzyme substrate, and,
| contacting the partzymes‘ with a sample putatively containing the target under conditions

permitting self-assembly and catalytic activity of the MNAzyme in the presence of said

\
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target, wherein said catalytic activity modifies said substrate thereby providiﬁg sai
*second DF, '
124. The method of claim 122 or claim 123, wherein said MNAzyme subsﬁate is & first
strand 6f an oligonucleotide complex compr_i-sing first and second strands, whegtin said
s first strand comprises an internal loop portion and bases within the internal lgbp portion -
are not hybridised to bases of the second strand, and wherem the MNAzymg is capable of
cleaving the internal loop portion. _
125. The method of claim 124, wherein said second strand comprises/&aid DF.
126. The method of claim 124 or claim 125, wherein said first Zhd second strands are
i linked at one end by 2 hairpin loop portioﬁ. _
127. The method of claim 126 wherein said hairpin loop 6-:&01*. is an oligonucléotide
hnker or a non-oligonucleotide linker. '
128.- The method of claim 122 or claim 123, whern said MNAzyme substrate is a
hairpin loop portion of a hairpin oligonucleotide, s¥id MNAzyme is capable of cleaving
15 the hairpin loop portion, and said driver fragmefit is located in one strand of a double
stranded stem porﬁon in said hairpin oligonucl€otide. - ‘
129. The method of any one of claims ! to 128, wherein said EAS3 and EAS4 are
componenis of a haifpin oligonucleotid¢ complex comprising a double-stranded portion
formed between complementary pogfons of said EAS3 and EAS4, and a hairpin loop
20 portion linking one end of said EAZ3 with one end of said EAS4. -
130. The method of any one #f claims 88 to 128, wherein said EAS] and EAS2 are
components of a hairpin oli onucleoﬁdc complex comprising a double-stranded portion
formed between complemfentary portions of said EASI and EAS2, and a hairpm loop
portion linking one end/of said EAS1 with oneend of said EAS2.
25 131. The method ¢f claim 129 or claim 130, wherein said hairpin !oop‘portion is an
oligonucleotide Jjhker or a non-oligonucleotide linker.
132. The metHod of any one of claims 129 to 131, wherein said hairpin oligonuclectide

- complex fyfther comprises a 5> or a 3’ overhanging single stranded portion extending

30 133. Ahe method of any one of claims 129 to 132, wherein said hairpin loop portion
- copprises a detectable pomon and/or a quencher portion.
34. The method of any one of claims 102 to 128, wherem the EAS3 and/or EAS4

comprises a detectable portion and/er & quencher portion, and said detectable portion and
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quencner portion separate upon cleavage of the second CESA by the second nuclease/

 providing a detectable effect

second nuclease pr0v1dmg a detectable effect. 7
136. The method of any one of claims 'to 88 to 128, wherein the E
comprises a defectable portion and/or a quencher portion, and said d
guencher portion separate upon cleavage of the first CESA by the f#ist nuclease providing
0 adetectable effect. ‘

137. The method of claim 136, wherein the EAST compris,

r portion, and said detectable

a detectable p{}itioﬁl and a
quencher portibﬂ, the EAS? comprises a further quenck
portion and further guencher portion separate upon clegage of the first CESA by the first
nuclease providing a detectable effect. - _ o
15 138, The method of any one of claims 133 to 147, wherein said detectable portion is a
fluorophore. ‘
139. The method of any one of claims 88 30 95, wherein said first nuclease is capable of
cleaving a double stranded ohgonuciexde comprising a nick in at least one of two
strands forming said first CESA comp _ 7 ,
20 140. The method of any one of clagfms 96 to 101, wherein said second nuclease is capable
of cleaving a double stranded gonucleotide comprising a nick in at least one of two
strands forming said ﬁrsltC EA complex. ' _
41. The method of ahy ¢ne of claims 102 to 135, wherein said ﬁrrs{ nuclease is capable
of cleaving a double glranded oligonucleotide comprising a nick in at least one of two
25 strands forming sajd first CESA complex, and/or said second. nuclease is capable of
cleaving a doublf stranded oligonucleotide comprising a ‘nick in at least one of two -
- strands forming said second CESA complex. ‘
Wethod of any one of claims 139 to 141, wherein said nick is located within the
G egognition site, at the nuclease cleavage site, or between the nuclease
30 J tion and cleavage sites, ' . |
. The method of any one of claims 139 to 142, wherein said nuclease is selected from
he group consisting of Mnl I, Rsa 1, Pme 1, Hpy 81, Msp 1, Ear 1, and TspR I
144. The method of any one of claims 88 to 143, wherein binding of the first DF to said '

EAS] completes a partial nuclease recognition site.
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145. The method of any one of claims 102 to 135, wherein binding of the second DF to/”

said EAS2 completes a partial nuclease recognition site,
146. The method of claim 144 or claim 145, wherein bmdmg of the first DF td said
EAS1 completes a partial nuclease cleavage site.
147. The method of any one of claims 144 to 146, wherein binding of the s¢fond DF to
said EAS2 complctes a partial nuclease cleavage site.

148. The method of any one of claims 144 to 147, wherein the DE cmbutes at jeast

~ one, two, or three bases to said partial nuclease recognition site and/dr a partial nuclease

cleavage site

149. The method of any one of claims 146 to 148, wherein saig'bases are immediately 3’
of a partial nuclease recognition site formed by the binding of said Enzyme Amplifier
Subsirate oligonucleotides. _
150. The method of any one of claims 146 to 148, whérein said bases are immediately §°
of a partial .nuc'lease recognition site formed by thé binding of said Enzyme Amplifier
151. The method of any one of claims 10/to 135 wherf:m the second DF does not
contribute any bases to said nuclease recogition site or said nuclease cleavage site.

152. A method of detecting a target usifg a cascade corhprising:

(a) producing a first drivey/ fragment, wherein said ﬁrsf driver fragment is
produced only in the presence of séid target;
{b) broviciing a first cofnplex comprising a first backbone oiigonucfeotide, said
first backbone oligonucleotide comprising: | |

- (i)  afirst pértion comprising an EAS1, wherein
apo r- of said EASI is complementary té a portion of an EAS2;
a rtion of the EAS2 is complementary to a portion of the first driver

fragment; and /

a portion of the FAS1 or EAS2 comprises a second driver frapment;
a second portion comprising an EAS3, wherein
a portion of said EAS3 is complementary to an EAS4;

a portion of said EAS3 is complementary to a portion of the second
a portion of the EAS3 or EAS4 comprises said first driver fragment;

(iii) a third portion connecting the first and second portions;
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and,
(c) | contacting: _ _

@iy the EASI and the EAS2 with said- first DF of (a) under coditions
permitting assembly of the first DF with the EAS] and the EAS2 to form a fifst CESA
comprisingAa recognition site and a cleavage site for a first nuclease, wherez binding of
the first DF to said EAS1 completes a partial nuclease recognition site dlor a partial
nuciease cleavage site; '

(i) the first CESA with the first nucieése under gonditions permitting
interaction of the first nuclease with the recognition site and ea?age site of the first
CESA, wherein cleavage at said cleavage site by the first nidclease releases the second
DF; 7

(d) contaciing: _

(i) the EAS3 zand the EAS‘_i with Ahe second DF under condifions
persmitting assembly of the second DF with the FAS3 and the EAS4 o form a second
CESA comprising a recognition site and a cleavdge site for a second nuclease;

(1) the second CESA with the econd nuclease under conditions permifting
interaction of the second nuclease with thg/recognition site and cleavage site of the second
CESA, wherein cleavagr;rat said cleavs e site by the second nuclease releases the first DF
which can assemble with said EAS1/And FAS2 to form said first CESA,; _

and wherein cleavage of gaid first CESA complex and/or said second CESA
complex produces a detectable/sffect. ,
153. The method of claip{ 152, wherein cleavage of said first, CESA complex and
cleavage of said second ESA complex each produces a detectable effect.
154. The method of gfaim 152 or claim 153, further comprising: _
(@) providifig a sécond complex, said second campiéx comprising a backbone
pligonucleotid domprising: & ' |

a first portion comprising a fifth Enzyme Amplifier Su!ﬁstrate
Oligonuclgbtide (EASS), wherein

/ a portion of said EASS is complementary 1o a portion of‘ a sixth Enzyme
Amﬁcr Substrate Oligonucleotide (EAS6); and
a portion of the EASS is complementary io a portion of the second

driver fragment; and

a portion of the EASS5 or EAS6 comprises the first driver {ragment; and
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@) a seconci p0rtlon comprlslng a seventh Enzyme Amphﬁer Substrate
Ohgonucicotlde (EAS’/') wherein
a portion of said EAS7 is complementary to a portion of an gighth
Enzyme Amplifier Substrate Oligonucleotide (EASS8); B
5 ‘ a portion of said EASS is complementary to a portion of the irst driver
fragment; ,
' a portion of the EAS7 or EASS comﬁrises said second b iver fragment;
and, '
(ity 8 third pem&n conpecting the frst and second portions, wherein said
io  third portion is complermentary to the third portion of the backbgne of said first complex;
and, '

{(b) contacting said first and second complexes under conditions penmitting
hybridisation of the third portion of said first CO!‘J_.’!p. % with the third portion of said
second complex, thereby forming a first double complex;

s (¢} conmtacting: _

‘ (i) the EASS and the EAS6 wi said second DF of (a) under conditions .
permitting assembly of the second DF with the EASS and the EAS6 to form a third CESA
comprising a recognition site and a cleaydge site for a third nuclease;

| (i} the third CESA with the third nuclease under conditions permitting
20 Interaction of the third nuclease with the reéognition site and cleavage site of the third

CESA, wherein cleavage at saig cleavage site by the third nuclease releases the first DF

(d} contacting;

25 (i} thg’EAST and the EASE with the first DF under conditioné permitting
- assembly of the fitst DF with the EAS7 and the EASS to form a fourth CESA comprising

a recognition site and a cleavage site for a fourth nuclease; :
(i} the fourth CESA with the fourth nuclease under conditions permitting
interactigh of the fourth nuclease with fhe recognition site and cl'eavage site of the fourth
30 CESA, wherein cleavage at said cleavage site by the fourth nuclease releases the second
D}/ which can assemble with said EAS3 and EAS4 to form said second CESA, and

4ssemble wzth said EAS5 and EAS6 to form said third CESA;

and wherein cleavage of said third CESA complex and/or sa1d fourth CESA

complex produces a detectabie effect,
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155. The method of claim 154, wherein cleavage of said third CESA complex ang

cleavage of said fourth CESA complex each produces a detectable effect.

156. The method of claim 154 or claim 155, wherein EAS] is identical to EAS7, EAS2
is identical to EASS, EAS3 is identical to EASS, and/or EAS4 is identical to EAS6.

157. The method of any one of claims 154 to 156, wherein said first double/complex is

linked to a second double complex.

158. The method of claim 157, wherein said first double complex {s linked to said

second double complex by linking any one or more of EASI-EASY of said first double

complex with any one or more of EASI-EASS of said second doufle complex.

159. The method of claim 157 or claim 158, wherein said firsdouble complex is hnked
to said second. double complex by linking EAS2 and/oy’ EASS of said first double
complex with EASZ and/or EASS of said second double ¢ghmplex.

1 60. The method of claim 158 or claim 159, wherein/said linking is achieved using any

one aor

more of chemical hybridisation, antibgdies, oligonucieotide linkers, non-

oligonucleotide linkers, and peptide linkers,

161. The method of claim 158 or claim ¥59, ‘where,in said linking is achieved via

biotinylation of any one or more of said Enzyme Amplifier Substrate Oligonucieotides

and “the complexing of multiple/ biotinylated Enzyme Amplifier Substrate

Oligonucleotides using avidin. _
162. The method of any one of claims 152 to 161, wherein said first DF of (a) is

produced by

contacting a SIO witlf a sample putatively containing the target under conditions

permitting. hybridizing of'the SIQ with the target to form a duplex structure amenable to

modification by an inj#ator nuclease, and

contacting thg duplex structure with said initiator nuclease,

wherein rgpodification of paired or unpaired regions in the duplex structure by the

initiator nucledise releases said second DF.

163. The Ahethod of claim 162, wherein said imitiator nuclease cleaves the $10 to

generatg
164,

'said DF only when the SIO is hybridised with the target.

‘he method of claim 162, wherein said initiator nuclease cleaves the target to

erate said DF only when the target is hybridised with %hé S10..

165. The method of claim 164, wherein said initiafor nuclease is not a restriction

enzyme.
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166. The method of any one of claims 152 to 161, wherein said first DF of (a)/is
produced by providing two or more partzymes and at least one MNAzyme substrate//and,
contacting the partzymes with a sample putatively containing the target under coéditions

‘permitting self-assembly and catalytic activity of the MNAzyme in-the presey Ce of said

5 target, wheréin said catalytic activity modifies said substrate thereby proviing said first
DF. /S
167. The method of any one of claims 154 to 166, wherein any opfe or more of said
EASI, EAS2, EAS3, EAS4, EASS, EAS6, EAS7 and EASS cginprises & detectable

portion and a guencher portion, wherein said detectabie portigh and guencher portion g

10 separate upon cleavage of the first, second, third, and/or Aourth CESA providing a
detectable effect. ' / '
168. The method of any one of 'c.iaims 154 to 166, wheséin:
(i) the EASI comprises a detectable pofion and said EASZ comprises a
quencher portion or visa versa; and/or _
15 (i) the EAS3 comprises a detectabl¢ portion and said EAS4 comprises a
quenéher portion or visa versa; and/or . -
(iify the EASS5 comprises & detectaple portion and said EAS6 comprises a quencher
porfion or visa versa;
(iv) the EAS7 comprises a dg tctable portion and said EAS8 comprises a quencher
20 portion or visa versa; and, 7

wherein said detectable pbriion and quencher portion separate upon cleavage of the

first, second, third, and/or folirth CESA providing a detectable effect.
169. - The method of any/one of claims 152 to 168, wherein any said nuclease is capable B
of cleaving a double #giranded oligonucleotide comprising a nick in at least one of two
25 strands forming said recognition sequence for said first, second or third nuclease. '

170. The methgd of claim 169, wherein said nuclease is selected from the group
consisting of Ml I, Rsa 1, Pme 1, Hpy 81, Msp 1, Ear 1, and TspRI.

171. The piethod of any one of claims 152 to 168, wherein binding of any said DF to an
‘Enzyme, pliﬁer Substrate oligonucleotide éompletes a partial nuclease recognition site

3 and/gf a partial nuclease cleavage site.

17Z. The method of any one of claims 154 to 165, wherein a pair of Enzyme Amplifier
Substrates selected from EAS1 and EAS2; EAS3 and EAS4; EASS and EAS6; and EAS7

" and EASS, is a component of a hairpin oligonucleotide comprising a double-stranded
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stem portion formed by hybridisation of complementary portions of each member of said, ’
pair, and a hairpin loop portion linked to one end of the stem portion.
173. The method of any one of claims 88 to 172, wherein any said first DF is genated
using a nuclease selected from an endonuclease and an exonuclease. |

5 174. The method of claim 173, wherein the exonuclease is selected fromy/the group
consisting of Nuclease BAL-31, Exonuclease I, Exonuclease I, T7 Exghuclease, T7

Exonuclease I and Exonuclease T.

175. The method of claim 173, wherein the endonuclease is T7 Endénuctease [, RNase
H, Flap Nuclease, or Mung Bean Nuclease.
" 176. A method of detecting a target using a cascade comprising? : ' i
(a} prowdmg ' _ | |
(i) an SIO, said SIO éomprising a first popion complementary to a target
strand and 2 second portion that is -noiA: mmplemenéary o said target strand, whercén said
first and second ;Jortions are separated by a phos o orothioate, and said second portion
1s  comprises a first DF;
(i) an EAS! and an EAS2 wherem a portion of the EASI is
complementary to a pomon of the EAS2 phd hybridization of the EAS] and the EAS2
provides a duplex structure with a 3° oyérhang at either eﬁd, and a pbrtioﬁ of the EAS1
is complementary to a portion of the f#fst DF; and |
W 7 . (a1i)  a first exonucleasé; and
(b) contacting: | ‘
(iy said SIO ith a sample putatively containing the target under conditions
permitting hybridizing of/the SIO with the target thus creating a duplex structure for a
first exonuclease, whegt in modification of the duplex structure by the first exonuclease
25 rclcases said first DY from said duplex substrate;
(i) A he EAS] and EAS2 with the first DF of (b) under conchtlons pcnmftmg
assembly of e first DF and said EAS] and EAS2 to form a first CESA complex
comprising/4 substrate for a second exonﬁclease;
(i) the first CESA with the second exonuclease under conditions permitting

30 intergétion of the second exonuclease with the first CESA complex, wherein_modiﬁcatibn

/ ESA complex which can assemble with additional EAS1 and EAS2 to form ‘an
additional first CESA complex; |
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and wherein said modification of the duplex structure and/or said modification of/
the first CESA complex provides a detectable effect.
177. Thé method of claim 176, wherein said modification of the duplex structugg and
said modification of the first CESA complex pfovides a detectable effect.

s 178. The method of claim 176 or claim 177, wherein said SIO is/a hairpin
‘oligonucleotide comprising a double-stranded stem formed by hybridigation of twol
complementary portions, a single stranded hairpin ibop? and a 3’ overhang/

179. The method of any one of claims 176 to 178, wherein the Airst and/or second
exonuclease is Exonuclease I,

1w 180. The method of any one of claims 176 to 179, wherein sgfd SIO and/or said EAS]
comprises a detectable portion and a quencher portion, ghd wherein said detectable
portion and quencher portion can separate upon modi ation by said exonuclease o
provide a detectable effect. ‘

181. The method according to claim 180, whérein said detectable ‘portiont is a

s fluorophore. _ | -

182. The method of any one of claims 900 I"84, wherein said detectable effect is
cietected by fluorescence spectrosc_opy, suptace plasmon resonance, massl spectroscopy,.
NMR, electron spin resopance, po) {rization fluorescence spectroscopy, circular
dichroism, immunoassay, chromajégraphy, radiometry, photometry, scintigraphy,

20 eiect_fonic methods, UV, visible light or infra red spectroscopy, enzymatic methods or any
combination théreof.

718‘3. The method of any ofic of claims 88 to 182, wherein the detectable effect is _
measured and wherein thg’magnitude of said measurement and/or rate of accumulation of
the detectable effect is Ahdicative of the quantity of a target. -

s 184, Thé method of any one of claims 88 to 183, wherein the target is selected from the .
group consisting/ of nucleic acids, proteins, glycoproteins, lipids, lipoproteins, cells,
viruses, bactepla, archaea, fungi, antibodies, metabolites, pathogens, toxins, contaminants,
poisons, spall molecules, polymers, metal ions, metal salts, pﬁens, nucleic acids or any -
derivatiyés, portions or combinations thereof. ‘

30 185. /fhe method of claim 184, wherein the nucleic acid is selected from the group
cop sisting of DNA, | methylated DNA, alkylated DNA, RNA, methylated RNA,

icroRNA, siRNA, shRNA, mRNA, tRNA, snoRNA, stRNA, smRNA, pre- and pri-
microRNA,_other non-coding RNAs, ribosomal RNA, derivatives thereof, amplicons

thereof and any combination thereof,
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186. The.mcthod of claim 184 or claim 185, wherein the source of the nucleic acid i
selected from the group conmsisting of synthetic, mammalian, human, animal, plaft,
fungal, bacterial, viral,. archael and any‘ combination thereof.
187. The method of any one of claims 184 toAl 86, wherein the nucleic acid is am#flified.
s 188. The method of any one of claims 96, 102, 109, 114 or 152, wherein saig/Tirst DF is

distinct from said target. . /
189, The method of any one of claims 88 to 188, wherein any said EAS can hybridise
with another EAS 10 from a Partial Enzyme Signal Amplifier (PESA amplex capable of
hybridizing with more than ons DF. ‘ ,

.10 190, The method of any one of claims 88 to 95, 122, 123 or Y66, wherein said méthod

comprises using first and second MNAzymes specific for different portions of a target

molecule. 7 ' _ ' N - _ |
191. The method of claim 190, wherein said MNAzyfes specific for different portions
of said target molecule recognize and cleave the yame substrate Lipon assembly in the

s presence of said target. ' . _

192. The method of any one of claims 88 t095, 122, 123 or 166, wherein said method
comprises using at least two different MN ymeé having specificity for distinct targets.
193. The method of any one of claimd 96, 115, 116, and 162, wherein said method -
com;ﬁrises using at least two different 610 with complementarity for distinet targets.

20 194. The method of any one of gaims 88, 96, 102, 114 or 152, wherein said method
comprises using at least two dibtinct first CESA complexes assenibled with a different
first DF. - | . |
195. A kit for amplifying’a signal comprising;

a nuclease; and / _

15 an EASI and gh EAS2 wherein:

a portioﬁ of the EAS] and EAS2 are complementary,

the EA¥! and EAS? form a-compléx comprising a recognition sequence and a ?
cleavage séquerice forl said nuci,ease only on assembly with a Driver Fragment l
oligonugdeotide, and ‘ |
30 binding of the first DF to said EAS] completes a partial nuclease recognition site
angd/or a partial nuclease cleavage site. . | '
196. A kit for detecting a target comprising;

a muclease; o _ -
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an EAS!] and an EAS2 wherein a portion of the EAS] and EAS2 arg
complementary o . _

a plurality of partzymes designed to assemble an MNAzyme correSpondihg
target and '

an MNAzyme substrate wherein a pomon of said substrate is comple
portion of the EAS]; and

wherein the EAS] and EAS2 form a complex comprising a recognition sequence
and a cleavage seguence for said nuclease only on assembly with/a Driver Fragment
f)iigaﬁudeotic{e, and binding of the ﬁr:st DF to said EAS] complftes a péﬁia} nuclease
recognition site and/or 2 partial nuclease cleavage site.
197. Akit for detecting a target comprising

a nuclease

an EAS{ and an EAS2 wherein a poruo /-of the EASl and EASZ are
complementary, ‘ ) .

a plurality of SIOs designed to hybridize to the target to form a nuclease substrate;

wherein a portion of said nuclease subgtrate is complementary to a portion of the.

wherein the EAS1 and EAS2 for a complex comprising a recognition sequence

and a cleavage sequence for said npllease only on assembly wit}} a Driver Fragment

a portion of the EAS] is complementary to-a portion of the EAS2,
the EAST and EAS2 form a first CESA complex comprising a recognition sequence

and a cleavage sequence for said first nuclease only on assembly with a first DF,

AMENDED SHEET
IPEA/AU




Hy

- 20

25

30

. DF to said EASI completes a partial

PCT/AU2011/001504
Recerved 10/12/2012

217

a portion of the first DF is complementary'to a portion of the EASI, and

binding of the first DF to said EASI completes a partial nuclease recogmtion i
and/or a partial nuclease cleavage site.
200. A kit comprising a multi-component nucleic acid enzyme (MNAz
MNAzyme substrate, an EAS1, an EAS2, and a first nuclease wherein:

the MNAzyme comprises at least a first partzyme and a second part
assemble in the presence of an MNAzyme assembly facilitator to fo

wherein each of said at least first and said second partzymes compyise a substrate arm

-portion, a catalytic core portion, and a sensor amm portion, as?d wiierein the sensor arms

interact with said MNAzyme assembly facilitaior so as to maiftain the first and second
partzymes in proximity for assqciation of their respective cgtalytic core portions to form
the catalytic core of the MNAzyme and said catalytic core is capable of modifying said
MNAzyme substrate to form.a first DF; |

and wherein a portion of the EAS] is complempéntary to a pottion of the EAS2 and a’

portion of the EAS1 is complementary o a portigh of the first DF, the first DF is capable
of assembly with the EAS1 and the EAS2 tp
rccognition. site and a é!eavage site for saig/at least first nuclease, and binding of the first
cleavage site. _
201. The kit of claim 200, wh'ein said MNAzyme substrate is a first strand of an
oligonucleotide complex comp 1ing first and second strands, wherein said first strand
comprises an internal loop fortion and bases within the internal loop portion are not
hybridised to bases of fHe second strahd, and wherein the MNAzyme is capable of
cleaving the internal lodp portion.

202. The kit of claj

203. The kit of g aim 201 or claim 202, wherein said first and second strands are linked

201, wherein said second strand comprises the first DF.

at one end by 4 haxrpm loop port;on

- 05 The kit of any one of claims 200 to 204, wherein the assembiy facilitator is a target

to be identified.
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206. A kit comprising a first Synthetic Initiator Oiigénuclcotide (SI0)}, an EASI,
EAS2, a first nuclease, and a second nuclease wherein:

the S10 is capable of hybridizing with a target to form a duplex substréte W

said first nuclease is capable of cleaving the duplex substrate 1o generate a first OF; and
wherein; ' ‘ '
. a portion of the EAS1 is complementary to a portion of the EAS2 and a portion of

the EAS1 is complementary to a portion of the first DF, ‘
the EAS] and the EAS2 form a first CESA complex containing a rpfognition sequence
and a cleavage sequence for said second nuclease only on assembly/with the first DF , and

binding of the first DF to said EAS] completes a partialuclease recognition site

207. The kit of claim 206, wherein said first nuclease is/£apable of cleaving the SIO to
generate said first DF only when the SIO is hybridised with the taxgéta
208. The kit of claim 206, wherein said first nuclegée is éapabie of cleaving the target to
generate said first DF only when the target is hybpdised with the S10.
209. The kit of claim 208, wherein said first

210, The kit of any one of claims 206/to 209, wherein said first nuclease is an

dclease is not a restriction enzyme.

exonuclease. _ . ‘
211. The kit of any one of claims 206 to 210, wherein the first and second nuclease are

fs 206 to 210, wherein the first and second -nuc!e’aées are
different nucleases. ’
213. The kit of any one

ded oligonucleotide comprising a nick in at least one of two

of claims [98 to 206, wherein said first nuclease is cépable of
cleaving a double strpf
strands forming said/Airst CESA complex.

214.. The kit of afty one of claims 206 to 212, wherein said second nuclease is capable of -

cleaving a dodble stranded oligonucleotide 'comprising a nick in at Jeast one of two

716. The kit of any one of claims 213 to 215, wherein said nuclease is selected from the

group consisting of Mnl 1, Rsa 1, Pme 1, Hpy 81, Msp 1, Ear I, and TspR L
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components of a hairpin oligonucleotide. comprising a double-stranded stem portjén
formed by hybridisation of complementary portions of said EAS] and the EASZ, 4 .
hairpin loop portion linking one end of said EAS] withr'one end of said EAS2.
218. The kit of clainﬁ 217, wherein said hairpin oligonucleotide comprié 5 a single
stranded 5’ or 3 overhang portion extending from either of said EASI or E S2.

219. rThe kit of any one of claims 195 to 218, wherein a portion of said EAST or EAS2
comprises a second DF, and wherein said second DF can be releasegd upon modification
of said first CESA complex by the nuclease.
220. The kit of any one of claims 217 to 218, wherein a portion of said hairpin loop
portion comprises a second DF, and wherein said secong DF can be released upon
modification of said first CESA complex by the miclease,, /
221. The kit of claim 219 or claim 220, wherein said §
identical. ' ‘
222. The kit of claim 219 or claim 220, wherej
identical. ' '
223. The kit of claim 219 or claim 220,
first DF, or said first DF is a fragment of/said second DF.

Y23, wherein said second DF, EAS1, and EAS2 are

t DF and said second DF are not
said first DF and said second DF are

¢herein said second DF is a fragment of said

second DF. : .
226. The Kt of claim 225, wherein the EAS3 or EAS4 comprises a third DF.

238. The kit of any one of claims 225 to 228, wherein said additional nuclease is

Adentical to another nuclease in said kit.
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230. The kit of any one of claims 225 to 228, wherein said additional nuclease is not '

identical to another nuclease in said kit, and wheréin said kit compri_ées said additio
nuclease. | .
231. The kit of any one of claims 225 to 230, wherein said additional nuclease i
s of c%eaving a double stranded dligonucleotide comprising a nick in at least gne of two -
strands forming said second CESA complex |
232. The kit of any one of claims 225 to 231, wherein said nuclease is gélected from the
group consisting of Mal I, Rsa I, Pme 1, Hpy 81, Msp 1, Ear I, end Tsp1.
233. The kit of any one of claims 225 to 232, wherein said £AS3 and EAS4 are
e components of a hairpin oligonucleotidé comprising a doubé-stranded stem portion
formed by hybridisation of complementary portions of EA$3 and EAS4, and & hairpin
* loop portion linking one end of said EAS3 with one end offaid EAS4.
234. The kit of 233, wherein said hatrpin oligonucleofide comprises a single stranded 5
or 3’ overhang portion extending from either of said ¥ AS3 or EASA. _
15 235. A kit comprising a first complex, said first complex comprising a backbone
oligonucleotide, an EASI, an EASZ, an EAJ

oligonucleotide comprises: -

, and an EAS4, wherein said backbone
() a first portion comprising said EAS1, wherein:
a portion of said EAS! is complementary to a portion of EAS2, a portion of the
20 EAS2 is complementary to a port' of a first DF, and a portion of the EAS] or EAS2
comprises a second DF, ' '

the EAS! and the E

dequence for a first nuclease only on assembly with said first

2 form a first CESA complex containing a .recognition
sequence and a cleavage
DF, |

25 and binding of the first DF to said EAS] completes a. parna] nuclease rccogmtion
site and/or paﬂ nuclease cleavagc site;

second portion comprising said EAS3, wherein a pomon of said FAS3 is -

ary 10 a portxon of said EAS4, a portion of said EAS3 is complementary to a

(111) a third portion connecting the first and second portions.
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236. The kit of claim 235, further comprising a second complex, said second comple
 comprising a backbone oligonucleotide, a fifth Enzyme Ampliﬁer Substidte
Oligonucleotide (EASS), a sixth Enzymé Amplifier Substrate Oligonucleotide (EAZ6), a
" seventh Enzyme Amplifier Substrate Oligonucleotide (EAS7), and an eighth £nizyme

s Amplifier Substrate Cligonucleotide (EASS), wherein said backbone oligdnucieotide
comprises: | /- 7

(). a first portion comprising said EASS5, wherein a portion 4f said EASS is

complementary to a portion of said EASS, a portion of said EASS isomplementary to a

portion of said second DV, and a porticn of said EASS or EASS ¢bmprises said first DF,
i and wherein the EASS and the EAS6 form a third CES £ complex rcontaining a

recognition sequence and a cleavage sequence for a third nugfease only on assembiy with

said second DF; and ‘ |

(ﬂ) a second portion comprising said EAS7, wherein a por’txon of said EAS7 is -

complementary to a portion of EASS, a portion ¢ said EASS is compiemcntary to a
15 .portion of said first DF, and a portion of said EXS7 or EASS comprises said second DF, '

and wherein the EAS7 and the EASS fogf a fourth CESA complex containing a

recognition sequence and a cleavage seqyénce for a fourth nuclease only on asséfnbly

with said first DF; and

| (iif) a third portion connecting the first and second portions, wherein said third

20 portion is complementary to the thifd portion of the backbone of said first compiex.

237. The rkit of claim 236, wierein EAS1 is identical to EAS7, EAS?2 is identical to

EASR, EAS3 is identical to PASS, and/or EAS4 is identical to EAS6. . '

238. The kit of claim 23f or claim 237, wherein the first nuclease is identical to the third

nuclease, and/or the sgtond nuclease is identical to the fourth nuclease, and/or..the first,
25 second, third and fodrth nucleases are identical.

23%. The kit of Any one of clalms 236 to 238, wherein first and second complexes are

hybridised vid . their respective complementary third portions forming a first double

compiex; _

240. THE kit of claim 239, wherein said first double complex is linked to a sécond double

30

double complex by linking any one or more of EAS1-EASS of said first double complex

with any one or more of EAST-EASS of said second double complex.
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242. The kit of ciaim 240 or claim 241, wherein said first double complex is linked tg
said second double comp[ex by linking EAS2 and/or EASS of said first double complex
with EAS2 and/or EASS of said second double complex.

243. The kit of claim 241 or claim 242, wherein said linking is achieveé using afy one or
mbre of chemical hybridisation, antibodies, oligonucleotide linkers, non-oligbnucleotide
linkers, and peptide linkers. |

244. The kit of claim 241 or claim 242, wheren said linking is achieved via biotinylation

cof any one or more of said Enzyme Amplifier Subsivate Oizgcleoﬂdes and the

compl ezu;g of multiple biotinylated Enzyme Ampiifier Substrate/ Zigonucleoﬁidﬁs using
avidin. ‘
245, The kit of any one of claims 236 to 244, wherein #aid first and/or said second

nuclease is capable of cleaving a double stranded oligonytiectide coz_ﬁprising a nick mn af

-~ least one of two strands forming said second CESA cgsiplex

246. The kit of any one of claims 236 to 24‘5‘ wherein said first and/or said second
nuclease is selected from thé group consastmg oMnl 1, Bsa l, Pme |, Hpy SI Msp i, Ear
I, and TspR I _ _

247. The kit of any one of claims 236 i 246, wherem a peir of Enzyme Amplifier
Substrates-sclected from EAS! and EAY2; FAS3 and EAS4:; EASS and EASS; and EAS7

and EASS, is a component of a haifpin oligonucieotide comprising a double-stranded

stem portion formed by hybridisan of complementary portions of each member of said

pair, and a hairpin loop portioninked to one end of the stem portion. -
248. A kit comprising:  / _

(i) a SIO, said §80 comprising a first'portion complementary to a @get strand
and a second poriion is not cumplemeniary to said target strand, wherein said first
and second portin fs are separated by a phdsphorothioé‘te, and said second portion
COmprises a ﬁrs D and, '

(i) ayEAS! and an EAS2, wherein

/ portion of the EASI is cdmplememary to a portion of the EAS2 and

hybridi Ation of the EAS] and the EAS2 provides a duplex structure with a 3 overhang

at either end,
a portion of the EAS1 is complementary to a portion of the first DF, and
the EAS] and the EAS2 are capable of forming a first CESA’ complex

comprising a recessed 3’ end capable of digestion by a first nuclease, only on assembly

. with said first DF.
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249. The kit of claim 248, wherein said SIO is a hairpin oligonucleotide comprisihg
double-stranded stem formed by hybridisation of two complementary portions, a single
| stranded hairpin loop, and a 3’overhang, '
250. The kit of claim 248 or 249, wherein the nuclease is an exonuclease,
s 251. The kit of any one of claims 195 to 250, wherein any said EAS cémp fses one or
. more detectable labels. , o
252, The kit of any one of claims 195 to 251, Wherein any said EAS comprises a
- Aucrophore portion and 2 quencher portion. |
253. The kit of any one of claims 195 to 252, wherein any sai Azyme partzyme,
10 ‘VENAzyme subsirate, EASI, EAS2, EAS3, EAS4, EASS, EAS EAS7, EASS, 8IQ, DF
or nuclease is attached to a solid suppﬂrt _
254, The kit of any one of claims 196, 197, 205, or 206, herem said first DF is distinct
from said tarpet.
255. The kit of ciaim 196 or claim 200, wherein/said kit comprises first and second
is MNAzymes specific for different portions of a tapfet molecule. -
256. The kit of claim 255, wherein said MYAzymes specific for different portions of -
said target molecule recognize and cleaye ‘the same ‘substrate upon assembly in the
presence of said target l o ' '
257. The kit claim 196 or claim 200, wherem said kit compnses at least two different
20 MNAzymes having specificity for Zistinct targets. _ '
258. The kit of 197, 206 or 248, wherein said kit comprises at least two different 510
with complementarity for distinct targets.
259, A kit comprising thg’composition of any one of claims 1to87.
260. The kit of any op of claims 195 to 259, further comprising instructions for use of
25 said kit _ _
261. A composjfion comprising a first Enzyme Amplifier Substrate oligonucleotide
(EASY) anda fecond Enzyme Amplifier Substrate oligonucleotide (EAS2), wherein:
a porylon of the EAS1 is complementary to a portion of the EAS2,
the/ EAS1 and EAS2 form a first Complete Enzyme Signal Amplifier (CESA)
36 complex. comprising.a recognition and a cleavage sequence for a first nuclease only on
asgbmbly with a first Driver Fragmcnt ohgonucleoudc (D),
a portion of the first DF is complementary to a pomon of the EASI, and
the first DF is capable of binding to said EAS! immediately adfacent to the first

nuclease c;leavage sequence.
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262, A method for detecting a target comprising:

(a) providing two or more partiymes and at least one multi-component nugfeic
acid (MNAzyme) substrate, ‘wherein the partzymes self-assemble in the preseﬁc e/of the
‘target to form at least one MNAzyme;

5 '(b) contacting the partzymes with a sample putatively containing the farget under
conditions permitting self-assembly and catalytic éctivity df the MNAzZ -r and wherein
catalytic activity of said MNAzyme produces a first Driver Fragme . oligonucleotide
(DF) from said at least one MNAzyme substrate;
(c) providing a first Enzyme Amplifier Substrate Olsgu. feleotide (EASI) and a -

0 second Enzyme Amplifier Substrate Oligonucleotide (EAS2)/wherein a portion of the
" EASI is complementary to a portion of the BAS2, and whefein a portion of the EAS1 is
complementary foa portion of the first DF and, '

{(d) contacting the EAS] and the EAS? wi
permitting; ./ _

I5 (1) assembly of the first DF with fhe EAS1 and the EAS2 to form a first
plifier (CESA) complex, and | N g

site and a cleavage site for a first nuclease,

the first DF under conditions

Compiete Enzyme Signal Ap
(2) formation of a recognitigf
*wherein binding of the first DF to said [PAS1 is immediately adjacent to the first nuclease
cleavage site; | | '

2~ (e) providing the first nuciéase; and
{f) contacting the first sruclease with the first CBSA complex under conditions
perrﬂitting interaction of t £ nuclease with the recognition site and cleavage at the
.cieavagé site wherein thg ieavage by said first nuclease produces a_detectablé effect

indicative of the presenCe of the target.

235 263. A method of ¢étecting a target comprising:

(a)

providing at least a first Synthetic Initiator Oligonucleotide (S10);

30 - f&) providing a first nuclease capable of cleaving the duplex substrate formed by

first nuclease generates a first DF;
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(d) providing an EASI and an EAS2 wherein a portion of the EAS! is/
complementary to a portion of the EAS2, and wherein a portion of the EASI As
complementary to a portion of the first DF and;

(e) contacting the EASI and the EAS2 with the first DF under codditions

s permitting: \ . '
(1) assembly of the first DF with the EASY and the EAS2 {4 form a first
CESA,and -

(2) formation of a recognition site and a cleavage site i

z second nuclease,

wherein binding of the first DF to said EAS! is immediately sjacent to the second

10 nu_ciease cleavage site;
() providing a second nuclease; and
‘ (g) contacting the second nuclease with the first CESA under conditions =
permitting inferaction of the second nuclease with the pcognition site and cleavage at the
cleavage site wherein cleavage by the second nyflease produces 2 detectable effect
15 indicative of the presence of the ‘t-arget. .
| 264> A kit for amplifying a signal comppising;
.ﬁnuciease; and
an EAS1 and an EAS2 wherein:
a portion of the EAS1 and EASY are coﬁipiementary,
20 . the EAS1 and EAS2 form 4 complex comprising a recognition éequence and a
cleavage sequence for said Auclease only on assembly with a Driver Fragment
oligonu_cleotide, and '

the first DF is capa “ eof bin&ing to said EAS] immediately adjacent o the nuclease

cleavage site.
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CLAIMS

1. A composition comprising an FAS1, an EAS2, and a first nuclease, wherein:
a portion of the EAS] is complementary to a portion of the EAS2,
the EAS1 and EAS2 form a first CESA complex comprising a reco gnition sequence
and a cleavage sequence for said first nuclease only on assembly with a first DF,
a portion of the first DF is complementary to a portion of the EAS1, and
binding of the first DF to said EAS] completes a partial nuclease recognition or

cleavage sequence.

2. A composition comprising a multi-component nucleic acid enzyme (MNAzyme), an
MNAzyme substrate, an EAS1, an EAS2, and a first nuclease wherein:

the MNAzyme comprises at least a first partzyme and a second partzyme that self-
assemble in the presence of an MNAzyme assembly facilitator to form the MNAzyme,
wherein each of said at least first and said second partzymes comprise a subsirate arm
portion, a catalytic core portion, and 2 sensor arm portion, and wherein the sensor arms
mteract with said MNAzyme assembly facilitator so as to maintain the first and second
parizymes in proximity for association of their respective catalytic core portions to form
the catalytic core of the MNAzyme and said catalytic core is capable of modifying said
MNAzyme substrate to form a first DF;

and wherein:

a portion of the EASI is complementary to a portion of the EAS2 and a portion of
the EAS] is complementary to a portion of the first DF,

the first DF is capable of agsembly with the EAS] and the EAS2 to form a first
CESA complex containing a recognition sitc and a cleavage site for said at least first
nuclease, and

binding of the first DF to said EAS1 completes a partial nuclease recognition or

cleavage sequence.

3. A composition comprising a first Synthetic Initiator Oligonucleotide (SIO), an
EAS1, an EAS2, a first nuclease, and a second nuclease wherein:
the SIO is capable of hybridizing with a target to form a duplex substrate wherein

said first nuclease is capable of cleaving the duplex substrate to generate a first DF; and

- wherem:
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a portion of the EAS] is complementary to a portion of the EAS2 and a portion of
the EAS] is complementary to a portion of the first DF,

the EAS1 and the BEAS2 form a first CESA complex containing a recogaition
sequence and a cleavage sequence for said second nuclease only on assembly with the
first DF, and

binding of the first DF to said EAS] completes a partial nuclease recognition or

cleavage sequence.

4, The composition of claim 1 or claim 2, wherein said first nuclease is capabie of
cleaving a double stranded oligonucleotide comprising a nick in at least one of two

strands forming said first CESA complex.

5. The composition of claim 3, wherein said second nuclease is capable of cleaving a
double stranded oligonucleotide comprising a nick in at ieast one of two strands forming

said first CESA complex.

6.  The composition of claim 4 or claim 5, wherein said nick is located within the
nuclease recognition site, at the nuclease cleavage site, or between the nuclease

recognition and cleavage sifes.

7. The composition of any one of claims 4 to 6, wherein said nuclease is selected from

the group consisting of Mnl 1, Rsa 1, Pme 1, Hpy 81, Msp 1, Ear 1, and TspR L

8. The composition of claim 1 to 7, wherein said EAS] and EAS2 are components of a
hairpin oligonucleotide comprising a double-stranded stem portion formed by
hybridisation of complementary portions of said EAST and the EAS2, and a hairpin loop
portion linking one end of said EAST with one end of said EAS2.

9.  The composition of claim 8, wherein said hairpin loop portion is an oligonucleotide

linker or a non-oligonucleotide linker.

10.  The composition of any one of claims 1 to 9, wherein a portion of said EASI or
EAS2 comprises a second DF, and wherein said second DF can be released upon

modification of said first CESA complex by the nuclease.
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1. The composition of any one of claims 8 to 10, wherein a portion of said hairpin
loop portion comprises a second DF, and wherein said second DF can be released upon
modification of said first CESA complex by the nuclease.

12, The composition of claim 10 or claim 11, wherein said first DF and said second DF

are not identical.

13, The composition of claim 10 or claim 11, wherein said first DF and said second DF

are idenfical.

14, The composition of claim 10 or claim 11, wherein said second DF is a fragment of

said first DF, or said first DF is a fragment of said second DF.

15, The composition of any one of claims 10 to 12, further comprising a third Enzyme
Amplifier Substrate oligonucleotide (EAS3) and a fourth Enzyme Amplifier Substrate
oligonucleotide (EAS4), wherein a portion of the EAS3 is complementary to a poriion of
the EAS4 and a portion of the EAS3 is complementary to a portion of the second DF, and
wherein the EAS3 and the EAS4 form a second CESA compiex containing a recognition
sequence and a cleavage sequence for an additional nuclease only on assembly with the
second DF, |

16.  The composition of claim 15, wherein the EAS3 or EAS4 comprises a third DF.
17. The composition of claim 16, wherein the third DF is identical to said first DF.
18, The composition of claim 16, wherein the third DF is not identical said first DF,

19.  The composition of any one of claims 15 to 18, wherein said additional nuclease is

identical to another nuclease in said composition.

20, The composition of any one of claims 15 to 18, wherein said additional nuclease is
not identical to another nuclease in said composition, and wherein said composition

comprises said additional nuclease.
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21, The composition of claim 2, wherein at least one of the MNAzyme partzymes,
MNAzyme substrate or a combination thereof further comprises an aptamer or portion

thereof,

22, The composttion claim 21, wherein the aptamer or portion thereof comprises at
least one of: a nucleic acid, peptide, polypeptide, protein, a derivative thereof, or a

combination thereof.

23.  The composition of any one of claims 1 to 22, wherein any said MNAzyme
partzyme, MNAzyme substrate, EAST, EAS2, EAS3, EAS4, EASS, EAS6, SIO, DF or

nuclease is attached to a solid support.

24, The composition of claim 1, wherein said first DF is produced only in the presence

of a target.

25, The composition of claim 2 or claim 3, wherein said first DF is distinct from said

target.

26, The composition of any one of claims 1 to 3, wherein said composition comprises

at least two distinct first CESA complexes assembled with a different first DF,

27. A method for detecting a target comprising:

(a) providing two or more partzymes and at least one multi-component nucleic
acid (MNAzyme) substrate, wherein the partzymes self-assemble in the presence of the
target to form at least one MNAzyme;

(b) contacting the partzymes with a sample putatively containing the target under
conditions permitting setf-assembly and catalytic activity of the MNAzyme, and wherein
catalytic activity of sard MNAzyme produces a first Driver Fragment oligoenucieotide
(DF) from said at least one MNAzyme substrate;

{c} providing a first Enzyme Amplifier Substrate Oligonucleotide (EAS]) and a
second Enzyme Amplifier Substrate Oligonucleotide (EAS2) wherein a portion of the
EAS1 is complementary to a portion of the EAS2, and wherein a portion of the EAS! is

complementary to a portion of the first DF and;
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{d) contacting the EAS] and the EAS2 with the first DF under conditions
permitting;
(1) assembly of the first DF with the EAST and the EAS2 to form a first
Complete Enzyme Signal Amplifier (CESA) complex, and
(2) formation of a recognition site and a cleavage site for a first nuclease,
wherein binding of the first DF to said EAST completes a partial nuclease recognition site
and/or a partial nuclease cleavage site;
(e} providing the first nuciease; and
(f) contacting the first nuclease with the first CESA complex under conditions
permitting interaction of the nuclease with the recognition site and cleavage at the
cleavage site wherein the cleavage by said first nuclease produces a detectable effect

indicative of the presence of the target.

28.  The method of claim 27, wherein said first nuclease is capable of cleaving a double
stranded oligomucleotide comprising a nick in at least one of two strands forming said

recognition site and/or said cleavage site for said first nuclease.

29.  The method of claim 27 or claim 28, wherein the first DF is produced by cleavage
of the MNAzyme substrate.

30. The method of any one of claims 27 to 29, wherein said MNAzyme substrate is a
first strand of an oligonucleotide complex comprising first and second strands, wherein
said first strand comprises an internal loop portion and bases within the internal Joop
portion are not hybridised to bases of the second strand, and wherein the MNAzyme is

capable of cleaving the internal ioop portion.

31.  The method of claim 30, wherein said second strand comprises the first DF.

32, The method of claim 30 or claim 31, wherein said first and second strands are

linked at one end by a hairpin loop portion.

33. The method of any one of claims 27 to 29, wherein said MNAzyme substrate is a

hairpin loop posrtion of a hairpin oligonucleotide, said MNAzyme is capable of cleaving
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the hairpin loop portion, and said first driver fragment is located in one strand of a double

stranded stem portion in said hairpin oligonucieotide.

34, A method of detecting a target comprising:

(a} providing at least a first Synthetic Initiator Oligonucleotide {SIO);

{b) contacting the SIO with a sample putatively containing the target under
conditions permitting hybridizing of the SIO with the target thus creating a duplex
substrate for a first nuclease;

(c} yproviding a first nuclease capable of cleaving the duplex substrate formed by
hybridization of the SIO and the target wherein cleavage of the duplex substrate by the
first nuclease generates a first DF;

(d) providing an EAS] and an EAS2 wherein a portion of the EASI is
complementary to a portion of the EAS2, and wherein a portion of the EAS] is
complementary to a portion of the first DF and;

{e) contacting the EAS] and the EAS2 with the first DF under conditions
permitting:

(1) assembly of the first DF with the EAS] and the EAS2 to form a first
CESA, and
{2) formation of a recognition site and a cleavage site for a second nuclease,
wherein binding of the first DF to said EAST completes a partial nuclease recognition site
and/or a partial nuclease cleavage site;

{fy  providing a second nuclease; and

(g} contacting the second nuclease with the first CESA under conditions
permitting interaction of the second nuclease with the recognition site and cleavage at the
cleavage site wherein cleavage by the second nuclease produces a detectable effect

indicative of the presence of the target.

35. The method of any one of clatms 27 to 34, wherein cleavage of the first CESA
complex allows release of a further DF, and the further DF assembles with further
Enzyme Amplifier Substrate Oligonucleotides to form a further CESA complex, and at
least one nuclease is used to cleave the further CESA complex to produce further
detectable effect and release further DF, thereby facilitating a further increase in the
detectable effect. '
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36. A method of detecting a target using a cascade comprising:

(a) producing a first DF, wherein said first DF is produced only in the presence of
said target,

(b} providing:

(i)  an EAST and an EAS2 wherein:

a portion of the EAS1 is complementary to a portion of the EAS2:

a portion of the EAST is compiementary to a portion of the first DF; and

a portion of the EAS1T or the EAS2 comprises a second DF;
and,

(ii) a third Enzyme Amplifier Substrate Oligonucleotide (EAS3) and a
fourth Enzyme Amplifier Substrate Oligonucleotide (EAS4) wherein:

a portion of the EAS3 is complementary to a portion of the EAS4;

a portion of the EAS3 is complementary to a portion of the second DF;

{c) contacting:

(i) the EAS! and the EAS2 with the first DF of (a) under conditions
permitting assembly of the first DF with the EAS] and the EAS2 to form a first CESA
complex comprising a recognition site and a cleavage site for a first nuclease, wherein
binding of the first DF to said EAS1 completes a partial nuclease recognition site and/or a
partial nuclease cleavage site;

(it} the first CESA complex with the first nuclease under conditions
permitting interaction of the first nuclease with the recognition site and cleavage site of
the first CESA complex, wherein cleavage at the cleavage site by the first nuclease
releases the second DF;

(d) contacting:

(i} the EAS3 and the EAS4 with the second DF under conditions
permitting assembly of the second DF with the EAS3 and the EAS4 to form a second
CESA complex comprising a recognition site and a cleavage site for a second nuclease;

(i) the second CESA complex with the second nuclease under conditions
permitting inieraction of the second nuclease with the recognition site and cleavage site of
the second CESA complex, wherein the second nuclease cleaves said second CESA
complex at said cleavage site;

and wherein cleavage of said first CESA complex and/or said second CESA

complex produces a detectable effect.
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37. The method of claim 36, wherein said first nuciease and said second nuciease are

the same nuclease,

38.  The method of claim 36, wherein said first nuclease and said second nuclease are

different nucleases.

39. The method of any one of claims 36 to 38, wherein a portion of said EAS3 or said
EAS4 comprises an additional DF and cleavage at said cleavage site of the second CESA

complex by the second nuclease releases said additional DF.

40. The method of claim 39, wherein:

(i) aportion of the additional DF is identical to said first DF;

(i1) the additional DF is identical to said first DF; or

(iti) the additional DF is a fragment of said first DF;

and wherein said additional DF can assemble with said EAS1 and EAS2 to form
said first CESA complex.

41. A method of detecting a phurality of distinct targets using a cascade comprising:

(a) producing at least a first DF and a second DF, wheremn said first DF 1s
produced only in the presence of a first target, and said second DF is produced only in
the presence of a second target;

(b) providing:

(1) an EAST and an EAS2 wherein:

a portion of the EAS] is complementary to a portion of the EASZ:
a portion of the EAS1 is complementary to a portion of the first DF; and

(1) an EAS3 and an EAS4 wherein:

a portion of the EAS3 is complementary to a portion of the EAS4:
a portion of the EAS3 is complementary to a portion of the second DF;

{c) contacting:

{iy the EASI and the EAS2 with the first DF of {a) under conditions
permitting assembly of the first DF with the EAS] and the EAS2 to form a first CESA
complex comprising a recognition site and a cleavage site for a first nuclease, wherein
binding of the first DF to said EAS] completes a partial nuclease recognition site and/or a

partial nuclease cleavage site;
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(ii) the first CESA complex with the first nuclease under conditions
permitting interaction of the first nuciease with said recognition site and cleavage site of
the first CESA complex, wherein said first nuclease cleaves said first CESA complex at
said cleavage site producing a first detectable effect;

(d) contacting:

(iy the EAS3 and the EAS4 with the second DF under conditions
permitting assembly of the second DF with the EAS3 and the EAS4 to form a second
CESA complex comprising a recognition site and a cleavage site for a second nuclease;

(ii)  the second CESA complex with the second nuclease under conditions
permitting interaction of the second nuclease with the recognition site and cleavage site of
the second CESA complex, wherein said second nuclease cleaves said second CESA
complex at said cleavage site producing a second detectable effect;

and wherein said first detectable effect is distinet from said second detectable

effect.

42. A method of detecting a target using a cascade comprising:
(a) producing a first driver fragment, wherein said first driver fragment is
provided only in the presence of said target;
(b) providing:
(i) an EAST and an EAS2 wherein:
a portion of the EAS? 1s complementary to a portion of the EASZ;
a portion of the EAS] 1s complementary to a portion of the first DF;
a portion of the EAS1 or EAS2 comprises a second DF; and
the EAS1 or the EAS2 is tethered to a support;
(i} an EAS3 and an EAS4 wherein:
a portion of the EAS3 is complementary to a portion of the EAS4:
a portion of the EAS3 is complementary to a portion ‘of the second DF;
a portion of the EAS3 or EAS4 comprises a third DF; and
the EAS3 or the EAS4 is tethered to a support;
(¢c) contacting:
(i) the EAS] and the EAS2 with said first DF of (a) under conditions
permitting assembly of the first DF with the EAS] and the EAS2 to form a first CESA

comprising a recognition site and a cleavage site for a first nuclease, wherein binding of
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the first DF to said EAS] completes a partial nuclease recognition site and/or a partial
nuclease cleavage site;

(ii) the first CESA with the first nuclease under conditions permitting
interaction of the first nuclease with the recognition site and cleavage site of the first
CESA, wherein cleavage at said cleavage site by the first releases the second DF;

{d) contacting:

(i) the EAS3 and the EAS4 with the second DF under conditions
permitting assembly of the second DF with the EAS3 and the EAS4 to form a second
CESA comprising a recognition site and a cleavage site for a second nuclease;

(ii) the second CESA with the second nuclease under conditions permitting
interaction of the second nuclease with the recognition site and cleavage site of the second
CESA, wherein cleavage at said cleavage site by the second nuclease releases the third
DF which can assembie with said EAST and EAS2 to form said frst CESA;

and wherein cleavage of said first CESA complex and/or said second CESA

complex produces a detectable effect.

43. The method of any one of claims 36 to 42, wherein said first DF of {a) 1s produced
by

contacting a SIO with a sample putatively containing the target under conditions
permitting hybridizing of the SIO with the target to form a duplex structure amenable to
modification by an initiator nuclease, and

contacting the duplex structure with said initiator nuclease,

wherein modification of paired or unpaired regions in the duplex structure by the

initiator nuclease releases said first DF.

44, The method of claim 43, wherein said 510 1s attached fo a support.

45 The method of any one of claims 27 to 33, wherein said first nuclease 1s capable of
cleaving a double stranded oligonucleotide comprising a nick in at least one of two

strands forming said first CESA complex.

46. The method of claim 45, wherein said nuciease is selected from the group

consisting of Mn/ 1, Rsa 1, Pme [, Hpy 81, Msp 1, Ear 1, and TspR L.
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47.  The method of any one of claims 27 to 46, wherein binding of the first DF to said

EAST completes a partial nuclease recognition site.

48.  The method of any one of claims 36 to 45, wherein binding of the second DF to said

EAS2 completes a partial nuclease recognition site.

49, The method of claim 47, wherein binding of the first DF to said EAS] completes a

partial nuclease cleavage site.

he method of claim 48, wherein binding of the second DF to said EAS2 completes a

partial nuclease cleavage site.

51. A method of detecting a target using a cascade comprising:
(a) producing a first driver fragment, wherein said first driver fragment is
produced only in the presence of said target;
(b) providing a first complex comprising a first backbone oligonuclieotide, said
first backbone oligonucleotide comprising:
(1)  a first portion comprising an EASI, wherein
a portion of said EAST is complementary to a portion of an EAS2;
~ a portion of the EAS2 is complementary to a portion of the first driver
fragment; and
a portion of the EAST or EAS2 comprises a second driver fragment;
(iiy asecond portion comprising an EAS3, wherein
a portion of said EAS3 is complementary to an EAS4;
a portion of said EAS3 is complementary to a portion of the second
driver fragment: and
a portion of the EAS3 or EAS4 comprises said first driver fragment;
andl,
{111) a third portion connecting the first and second portions;
and, '
{c} contacting:
(1} the EASI and the EAS2 with said first DF of (a) under conditions
permitting assembly of the first DF with the EAS] and the EAS2 to form a first CESA

comprising a recognition site and a cleavage site for a first nuclease, wherein binding of
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the first DF to said EAS1 completes a partial nuclease recognition site and/or a partial
nuclease cleavage site;

(i) the first CESA with the first nuclease under conditions permitiing
interaction of the first nuclease with the recognition site and cleavage site of the first
CESA, wherein cleavage at said cleavage site by the first nuclease releases the second
DF,

(dy contacting:

(iy the EAS3 and the EAS4 with the second DF under conditions
permitting assembly of the second DF with the EAS3 and the EAS4 to form a second
CESA comprising a recognition site and a cleavage site for a second nuciease;

(i1) the second CESA with the second nuclease under conditions permitting
interaction of the second nuclease with the recognition site and cleavage site of the second
CESA, wherein cleavage at said cleavage site by the second nuclease releases the first DF
which can assemble with said EAS! and EAS2 to form said first CESA;

and wherein cleavage of said first CESA complex and/or said second CESA

complex produces a detectable effect.

52.  The method of claim 51, wherein any said nuclease is capable of cleaving a double
stranded oligonucleotide comprising a nick in at least one of two strands forming said

recognition sequence for said first, second or third nuclease.

53. The method of clamm 52, wherein said nuclease is selected from the group

consisting of Mnl 1, Rsa 1, Pme 1, Hpy 81, Msp L, Ear 1, and TspRI.

54.  The method of any one of claims 27 to 53, wherein any said first DF is generated

using a nuclease selected from an endonuclease and an exonuclease.

55. The method of claim 54 wherein the exonuclease is selected from the group
consisting of Nuclease BAL-31, Exonuclease I, Exonuclease III, T7 Exonuclease, T7

Exonuclease I and Exonuclease T.

56. The method of claim 33, wherein the endonuclease is T7 Endonuclease I, RNase H,

Flap Nuclease, or Mung Bean Nuclease,
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57. The method of any one of claims 27 to 56, wherein the target is selected from the
group consisting of nucleic acids, proteins, glycoproteins, lipids, lipoproteins, cells,
virases, bacteria, archaea, fungi, antibodies, metabolites, pathogens, toxins, contaminants,
poisons, small molecules, polymers, metal ions, metal salts, prions, nucleic acids or any

derivatives, portions or combinations thereof.

58, The method of any one of claims 34, 36, 41, 42 or 51, wherein said first DF is

distinct from said target.

59.  The method of any one of claims 27 to 58, wherein any said EAS can hybridise
with another EAS to from a Partial Enzyme Signal Amplifier (PESA) complex capable of

hybridizing with more than one DF.



