
NUCLEIC ACID ENZYMES AND COMPLEXES AND METHODS FOR
THEIR USE CROSS REFERENCE TO RELATED APPLICATIONS [
0001 ] This application claims the benefit of US
Provisional Patent Application No. 60/910,427 filed 5
April 2007, Australian Provisional Patent Application
No. 2007901833 filed 5 April 2007 and US
Continuation-in-Part Application No. 11/697,021 filed
5 April 2007. TECHNICAL FIELD [ 0002 ] The present
invention relates to methods that utilise
multi-component nucleic acid (MNA) complexes. The MNA
complexes may be active enzymes (e.g. MNAzymes
including apta-MNAzymes) with modifying activity such
as ligase or cleavage activity. Further, the invention
relates to cascades which use MNAzymes and may also
include one or more DNAzymes. The invention also
relates to methods which use these cascades for the
identification, detection and quantification of
targets. Background of the Invention [ 0003 ] Various
publications, which may include patents, published
applications, technical articles and scholarly
articles, are cited throughout the specification in
parentheses, and full citations of each may be found
at the end of the specification. Each of these cited
publications is incorporated by reference herein, in
its entirety [ 0004 ] In addition to their
evolutionary optimized functions, the extraordinary
physical and functional properties of nucleic acids
provide the opportunity for a plethora of new
bio-molecular devices and methods. Designer nucleic
acids have been contemplated for therapeutic entities,
biosensors, nano-scale devices and tools for molecular
computation. The methods exploit the characteristics
of DNA self-assembly, electro-conductivity,
information elements, amplification, switching,
molecular detection and catalytic activity. Further,
since DNA is robust, stable and thermostable it
provides an ideal material for molecular engineering
of mechanical or computational devices. [ 0005 ]
Single stranded nucleic acids, such as DNA and RNA,
have the ability to fold into complex
three-dimensional structures that can function as
highly specific receptors(e.g. aptamers) and catalysts
(e.g. ribozymes, DNAzymes). Further, the requirement
for complementarity between nucleic acid strands for
hybridization forms the basis for a wide range of
techniques, which allow target detection (e.g.
microarray analysis, Northern blotting or Southern
blotting), and/or target amplification (e.g. the
polymerase chain reaction). Further, hybridization
provides the basis for nucleic acid nano-scale
construction and for DNA based computational
strategies. [ 0006 ] A wide variety of nucleic acid
molecules, with enzymatic or catalytic activity, have
been discovered in the last 20 years. RNA enzymes
("ribozymes") occur in nature but can be engineered to
specifically recognize and modify a target RNA
substrate (Haseloff and Gerlach, 1988). In vitro
evolution techniques have facilitated the discovery
and development of many more catalytic nucleic acids,
including deoxyribonucleic acids often referred to as
"DNA enzymes" or "DNAzymes" (reviewed Emillson and
Breaker, 2002). In vitro evolved DNAzymes and/or
ribozymes have been discovered which have the capacity
to catalyse a broad range of reactions including, but
not limited to, cleavage of nucleic acids, ligation of
nucleic acids, phosphorylation of nucleic acids,
nucleic acid capping, amino acid adenylation, cofactor
synthesis, RNA polymerization, templatedirected
polymerization, RNA-protein conjugation, aldol
reaction, alcohol oxidation, aldehyde reduction,
purine and pyrimidine nucleotide synthesis,
alkylation, amide synthesis, urea synthesis, formation
of peptide bonds, peptidyl-RNA synthesis, acyl
transfer, aminoacylation, carbonate hydrolysis,
phosphorothioate alkylation, porphyrin metallation,
formation of carbon-carbon bonds, Pd nanoparticle
formation, biphenyl isomerization, formation of ester
bonds, formation of amide bonds, DNA deglycosylation,
thymine dimer photoreversion or phosphoramidate
cleavage (reviewed Silverman, 2007) [ 0007 ] In
particular, DNAzymes and ribozymes have been
characterized which specifically cleave distinct
nucleic acid sequences after hybridizing via Watson
Crick base pairing. DNAzymes are capable of cleaving
either RNA (Breaker and Joyce, 1994; Santoro and
Joyce, 1997; Santoro and Joyce, 1998) or DNA (Carmi et
ai, 1996) molecules. Ribozymes are also able to cleave
both RNA (Haseloff and Gerlach, 1988) and DNA
(Raillard and Joyce, 1996) target sequences.[ 0008 ]
The "10:23" and "8:17" DNAzymes are capable of
cleaving nucleic acid substrates at specific RNA
phosphodiester bonds. These DNAzymes cleave native
3'-5' phosphodiester linkages to create reaction
products which have 2', 3'-cyclic phosphate and
5'-hydroxyl groups (Santoro and Joyce, 1997; reviewed
Emilsson and Breaker, 2002). [ 0009 ] DNAzymes which
specifically ligate distinct nucleic acid sequences
after hybridizing to two independent substrate nucleic
acids have also been characterized. Specific
deoxyribozymes (DNAzymes) can ligate 2', 3'-cyclic
phosphate and 5'- hydroxyl products and create
non-native 2'-5' linkages. Examples of such DNAzymes
include the "7Z81" and "7Z48" ligases (Prior et al,
2004) as well as the "7Q10" DNAzyme ligase
(Flynn-Charlebois et al, 2003). Other DNAzymes have
been described (Coppins and Silverman, 2004) which can
ligate 2', 3'diol and 5'-triphosphate products and
create native 3'-5' linkages. [ 0010 ] Several
catalytic nucleic acids have similar basic structures
with multiple domains including a conserved catalytic
domain ("catalytic core") flanked by two nonconserved
substrate-binding domains ("arms"), which specifically
recognize and hybridise to the substrate. Examples of
nucleic acids with this basic structure include, but
are not limited to, the hammerhead ribozyme, the 10:23
and 8:17 DNAzymes, the "7Z81", "7Z48" and "7Q10"
DNAzyme ligases, the "UVlC" thymine dimer
photoreversion DNAzyme and the "DAB22" carbon-carbon
bond forming DNAzyme. To date catalytic nucleic acids
are typically uni-molecular although examples of
catalytic nucleic acids with more than one component
are known but these required extensive engineering
(Tabor et al, 2006, Kurata et al, 2000). [ 001 1 ]
Catalytic nucleic acids have been shown to tolerate
only certain modifications in the area that forms the
catalytic core (Perreault et al., 1990; Perreault et
al, 1991; Zaborowska et al, 2002; Cruz et al, 2004;
Silverman, 2004). Depending on the stringency of the
reaction conditions, some degree of mismatch may be
tolerated within the substrate arms. However, the
requirement for Watson Crick base pairing is
sufficiently strict so as to have enabled the
development of protocols that use catalyticnucleic
acids to facilitate the discrimination of closely
related sequences (Cairns et al., 2000) (WO 99/50452).
[ 0012 ] Target amplification and detection
technologies, such as PCR, have been widely used in
research and/or in clinical diagnostics. However,
despite their power, each has inherent disadvantages.
They all require the use of protein enzymes (e.g. DNA
polymerase, RNA polymerase, reverse transcriptase, and
or ligase). The inclusion of protein enzymes increases
the complexity and cost of reagent manufacture and
decreases the shelf life of kits containing reagents.
Other associated technical challenges include
contamination by replicons (target amplicons) from
previous reactions leading to false positive signal,
and/or background signal caused by replication of
primer sequences (primer-dimers) or background caused
by target-independent ligation. [ 0013 ] Nucleic acid
enzymes and nucleic acid enzyme cascades have been
considered for a range of biotechnological
applications, especially in diagnostics. They could
allow detection of proteins and nucleic acids for
disease diagnosis by facilitating signal
amplification. [ 0014 ] Several groups have reported
using catalytic nucleic acids for the detection of
nucleic acid targets, and other analytes with
colourimetric readouts (Elghanian et al., 1997, Mirkin
et al, 1996, and Liu and Lu, 2004). Examples of signal
amplification cascades, which use uni-molecular
catalytic nucleic acids, are known in the art. For
example, Paul and Joyce (2004) described a replication
cascade mediated by a ribozyme with ligase activity.
In another approach, a signal amplification cascade
used two inactive, circularized 10:23 DNAzymes which
were capable of activating each other by cross
cleavage resulting in linearisation (Levy and
Ellington, 2003). [ 0015 ] There is an ongoing need in
the art for the detection of targets, in particular
detection using amplification systems such as
cascades, for example, detection systems involving
cascades which comprise a plurality of nucleic acid
enzymes and in particular at least one multicomponent
nucleic acid enzyme (MNAzyme). The present invention
provides detection methods involving nucleic acid
enzyme cascades which incorporate at least one nucleic
acid enzyme with ligase activity. Moreover, the use of
nucleic acidenzymes with ligase activity allows
formation of components for nucleic acid complexes,
such as assembly facilitators, partzymes, substrates,
DNAzymes or components thereof. SUMMARY OF THE
INVENTION [ 0016 ] In one aspect of the invention
there is provided a method for detecting the 



presence of at least one target comprising (a)
providing at least two or more oligonucleotide
components and at least one substrate of at least a
first nucleic acid complex wherein at least a first
oligonucleotide component and a second oligonucleotide
component are capable of self-assembly in the presence
of a target to form at least a first nucleic acid
enzyme which comprises a catalytically active
multi-component nucleic acid enzyme with ligase
activity (MNAzyme ligase), (b) contacting the two or
more oligonucleotide components and at least one
substrate with a sample putatively containing the at
least one target under conditions permitting: (1) the
self-assembly of said at least one catalytically
active MNAzyme ligase and (2) the catalytic activity
of said at least one MNAzyme ligase; and (c)
determining the presence of the catalytic activity of
said at least one MNAzyme ligase, wherein the presence
of the catalytic activity is indicative of the
presence of said at least one target. [ 0017 ] In
another aspect of the invention there is provided a
method for the detection of a target comprising a)
providing a first nucleic acid complex comprising
components which require association with said target
to facilitate formation of a first nucleic acid
enzyme, wherein said first nucleic acid complex
further comprises at least one substrate, and b)
providing at least one component of a second nucleic
acid complex capable of associating with a product of
a reaction catalysed by the first nucleic acid enzyme
and forming a second nucleic acid complex capable of
functioning as a second nucleic acid enzymewherein at
least one of said nucleic acid enzymes has ligase
activity and at least one of said nucleic acid enzymes
is an MNAzyme, and wherein said method comprises: i)
contacting a sample putatively containing a target
with the first nucleic acid complex, wherein said
target associates with said first nucleic acid complex
to facilitate formation of said first nucleic acid
enzyme, and ii) contacting a product of the reaction
catalysed by the first nucleic acid enzyme with said
at least one component of the second nucleic acid
complex thereby permitting formation of the second
nucleic acid complex which functions as said second
nucleic acid enzyme, and wherein activity of at least
one of the first or second nucleic acid enzymes or
both is indicative of the presence of said target. [
001 8 ] In one embodiment the method may further
comprise providing at least one component of a third
nucleic acid complex capable of associating with a
product of a reaction catalysed by the first or second
nucleic acid enzyme or both and forming a third
nucleic acid complex capable of functioning as a third
nucleic acid enzyme wherein said method comprises
contacting a product of the reaction catalysed by the
first or second nucleic acid enzyme or both with said
at least one component of the third nucleic acid
complex thereby permitting formation of a third
nucleic acid complex which functions as said third
nucleic acid enzyme, and wherein activity of the
first, second, or third nucleic acid enzymes or any
combination thereof is indicative of the presence of
said target. [ 0019 ] In another embodiment the method
may further comprise providing at least one component
of at least one additional nucleic acid complex
capable of associating with a product of at least one
of said first, second or third nucleic acid enzymesand
forming at least one additional nucleic acid complex
capable of functioning as at least one additional
nucleic acid enzyme wherein said method comprises
contacting a product of the reaction catalysed by at
least one of said first, second or third nucleic acid
enzymes with said at least one component of the at
least one additional nucleic acid complex thereby
permitting formation of at least one additional
nucleic acid complex which functions as said at least
one additional nucleic acid enzyme, and wherein
activity of the first, second, third or at least one
additional nucleic acid enzymes or any combination
thereof is indicative of the presence of said target.
[ 0020 ] In one embodiment at least one of said
nucleic acid enzymes may have cleavage activity or
ligase activity. Moreover the first nucleic acid
enzyme may be an MNAzyme. Further at least one of the
nucleic acid enzymes may be a DNAzyme. [ 002 1 ] In
another embodiment a product of a reaction catalysed
by any one of the nucleic acid enzymes may be selected
from the group comprising an assembly facilitator,
partzyme, substrate, DNAzyme, stabiliser arm or
component thereof. [ 0022 ] In one embodiment the
target may be a nucleic acid. [ 0023 ] In one
embodiment at least one of said components may further
comprise at least one aptamer and wherein said method
may further comprise providing at least one assembly
facilitator and at least one assembly inhibitor of
said first nucleic acid complex wherein said target
associates with said aptamer allowing said first
nucleic acid complex to function as a first nucleic
acid enzyme. [ 0024 ] In one embodiment the target is
a non-nucleic acid target. The assembly facilitator
may be an additional target to be detected. [ 0025 ]
In a further embodiment a product of a reaction
catalysed by at least one of said nucleic acid
enzymes, or any combination thereof, associates with
at least one component of at least one of the
preceding nucleic acid complexes thereby permitting
formation of further at least one of said preceding
nucleic acid complexes which functions as further said
preceding nucleic acid enzyme. [ 0026 ] In another
aspect of the invention there is provided a method for
the detection of a first assembly facilitator using a
cascade comprisinga) providing components for a first
MNAzyme, at least a first MNAzyme substrate, a first
DNAzyme ligase, a first DNAzyme ligase substrate, a
second assembly facilitator, at least a second MNAzyme
substrate, and a first partzyme for a second MNAzyme
wherein said method comprises: b) associating said
first assembly facilitator with said components for
said first MNAzyme under conditions permitting
catalytic activity of said first MNAzyme thus
facilitating the catalytic activity of said first
MNAzyme thereby allowing modification of said first
MNAzyme substrate wherein; the modification of the
first MNAzyme substrate results in the production of a
second DNAzyme ligase substrate; and wherein the first
DNAzyme ligase assembles with the first and second
DNAzyme ligase substrates; and wherein catalytic
activity of the DNAzyme ligase produces a second
partzyme for the second MNAzyme, and wherein;
association of said second partzyme for the second
MNAzyme with said second assembly facilitator, and the
first partzyme for the second MNAzyme under conditions
permitting catalytic activity of the second MNAzyme
facilitates the catalytic activity of said second
MNAzyme thereby allowing modification of at least the
second MNAzyme substrate wherein modification of any
of said substrates, or a combination thereof, is
indicative of the presence of said first assembly
facilitator. [ 0027 ] In another aspect of the
invention there is provided a method for the detection
of a first assembly facilitator using a cascade
comprising a) providing components for a first
MNAzyme, at least a first MNAzyme substrate, a DNAzyme
ligase, a first DNAzyme ligase substrate, at least a
second MNAzyme substrate, and first and second
partzymes for a second MNAzyme and wherein said method
comprises: b) associating said first assembly
facilitator with said components for the first MNAzyme
under conditions permitting catalytic activity of said
first MNAzyme thusfacilitating the catalytic activity
of said first MNAzyme thereby allowing modification of
said first MNAzyme substrate wherein; the modification
of the first MNAzyme substrate results in the
production of a second DNAzyme ligase substrate; and
wherein the first DNAzyme ligase assembles with the
first and second DNAzyme ligase substrates; and
wherein catalytic activity of the DNAzyme ligase
produces a second assembly facilitator for the second
MNAzyme, and wherein association of said second
assembly facilitator with said first and second
partzymes for the second MNAzyme under conditions
permitting catalytic activity of the said second
MNAzyme facilitates the catalytic activity of said
second MNAzyme thereby allowing modification of at
least the second MNAzyme substrate wherein
modification of any of said substrates, or a
combination thereof, is indicative of 



the presence of said first assembly facilitator. [
0028 ] In one embodiment a product of the reaction
catalysed by the second MNAzyme may be a component
required to permit function of a third nucleic acid
enzyme. A product of the reaction catalysed by the
third nucleic acid enzyme may be a component which
participates in a reaction catalysed by the second
MNAzyme or the DNAzyme ligase, or both. [ 0029 ] In
another aspect of the invention there is provided a
method for the detection of a first assembly
facilitator using a cascade comprising a) providing
components for a first MNAzyme, at least a first
MNAzyme substrate, components for a second MNAzyme
wherein said second MNAzyme has ligase activity, a
second assembly facilitator for the second MNAzyme, a
second MNAzyme substrate, a third assembly facilitator
for a third MNAzyme, at least a third MNAzyme
substrate, and a first partzyme for the third MNAzyme
and wherein said method comprises: b) associating said
first assembly facilitator with said components for
said first MNAzyme under conditions permitting
catalytic activity of said first MNAzyme
thusfacilitating the catalytic activity of said first
MNAzyme thereby allowing modification of said first
MNAzyme substrate wherein; the modification of the
first MNAzyme substrate results in the production of a
fourth MNAzyme substrate; and wherein the second
MNAzyme assembly facilitator facilitates assembly of
the components for a second MNAzyme with the second
and fourth MNAzyme substrates; and wherein catalytic
ligase activity of the second MNAzyme produces a
second partzyme for the third MNAzyme, and wherein;
association of said first and second partzymes for the
third MNAzyme with said third assembly facilitator,
under conditions permitting catalytic activity of the
third MNAzyme facilitates the catalytic activity of
said third MNAzyme thereby allowing modification of at
least the third MNAzyme substrate wherein modification
of any of said substrates, or a combination thereof,
is indicative of the presence of said first assembly
facilitator. [ 0030 ] In another aspect of the
invention there is provided a method for the detection
of a first assembly facilitator using a cascade
comprising a) providing components for a first
MNAzyme, at least a first MNAzyme substrate,
components for a second MNAzyme wherein said second
MNAzyme has ligase activity, a second assembly
facilitator for the second MNAzyme, a second MNAzyme
substrate, a first and a second partzyme for a third
MNAzyme and at least a third MNAzyme substrate, and
wherein said method comprises: b) associating said
first assembly facilitator with components for said
first MNAzyme under conditions permitting catalytic
activity of said first MNAzyme thus facilitating the
catalytic activity of said first MNAzyme thereby
allowing modification of said first MNAzyme substrate
wherein; the modification of said first MNAzyme
substrate results in the production of a fourth
MNAzyme substrate; andwherein the second MNAzyme
assembly facilitator facilitates assembly of the said
components for second MNAzyme with the second and
fourth MNAzyme substrates; and wherein catalytic
ligase activity of the second MNAzyme produces a third
assembly facilitator for the third MNAzyme, and
wherein; association of said first and second
partzymes for the third MNAzyme with said third
assembly facilitator, under conditions permitting
catalytic activity of the third MNAzyme facilitates
the catalytic activity of said third MNAzyme thereby
allowing modification of at least the third MNAzyme
substrate wherein modification of any one of said
substrates, or a combination thereof, is indicative of
the presence of said first assembly facilitator. [ 003
1 ] In one embodiment a product of the reaction
catalysed by the third MNAzyme may be a component
required to permit function of a fourth nucleic acid
enzyme. A product of the reaction catalysed by the
fourth nucleic acid enzyme may be a component which
participates in a reaction catalysed by the second or
third MNAzyme or both. [ 0032 ] In one embodiment the
modification of any one of said substrates, or a
combination thereof, provides a detectable effect. The
modification of at least one substrate may be selected
from the group comprising cleavage of nucleic acids,
ligation of nucleic acids, phosphorylation of nucleic
acids, nucleic acid capping, amino acid adenylation,
cofactor synthesis, RNA polymerization,
template-directed polymerization, RNA-protein
conjugation, aldol reaction, alcohol oxidation,
aldehyde reduction, purine and pyrimidine nucleotide
synthesis, alkylation, amide synthesis, urea
synthesis, formation of peptide bonds, peptidyl-RNA
synthesis, acyl transfer, aminoacylation, carbonate
hydrolysis, phosphorothioate alkylation, porphyrin
metallation, formation of carbon-carbon bonds, Pd
nanoparticle formation, biphenyl isomerization,
formation of ester bonds, formation of amide bonds,
DNA deglycosylation, thymine dimer photoreversion and
phosphoramidate cleavage. [ 0033 ] The first assembly
facilitator may be a target to be identified, detected
or quantitated.[ 0034 ] In one embodiment the DNAzyme
ligase may be selected from the group comprising
DNAzyme ligases 7Z81, 7Z48, 7Q10 and 9DBl. [ 0035 ] In
another embodiment a product of the second MNAzyme may
be the second DNAzyme ligase substrate, and wherein
the DNAzyme ligase facilitates the ligation of the
first and the second DNAzyme ligase substrates thereby
producing further second partzyme for the second
MNAzyme. A product of the second MNAzyme may be the
second DNAzyme ligase substrate, and wherein the
DNAzyme ligase facilitates the ligation of the first
and the second DNAzyme ligase substrates thereby
producing further second assembly facilitator for the
second MNAzyme. Moreover a product of the third
MNAzyme may be the fourth MNAzyme substrate, and
wherein the second MNAzyme facilitates the ligation of
the second and the fourth MNAzyme substrates thereby
producing a further second partzyme for the third
MNAzyme. [ 0036 ] In a further embodiment a product of
the third MNAzyme may be the fourth MNAzyme substrate,
and wherein the second MNAzyme facilitates the
ligation of the second and the fourth MNAzyme
substrates thereby producing a further third assembly
facilitator for the third MNAzyme. [ 0037 ] In another
aspect of the invention there is provided use of a
pair of isolated nucleic acids as catalytic core
sequences incorporated into a partzyme pair for an
MNAzyme ligase wherein said pairs of nucleic acids are
selected from the group consisting of TGGAGGTGGGCTC
(SEQ ID NO : 47) and ACG (SEQ ID NO: 48), GGAGGTGGGCTC
(SEQ ID NO : 49) and ACGT (SEQ ID NO: 50),
GGAGGTTAGCTC (SEQ ID NO : 71) and ACGGCGGAGTGATTG (SEQ
ID NO : 72), TGGGAGGTTAGCTC (SEQ ID NO : 73) and
ACGGCGGAGTGAT (SEQ ID NO : 74), ATTGGGAGGTTAGCTC (SEQ
ID NO : 75) and ACGGCGGAGTG (SEQ ID NO : 76),
TGATTGGGAGGTTAGCTC (SEQ ID NO : 77) and ACGGCGGAG (SEQ
ID NO : 78), AGTGATTGGGAGGTTAGCTC (SEQ ID NO : 79) and
ACGGCGG (SEQ ID NO : 80), GGAGTGATTGGGAGGTTAGCTC (SEQ
ID NO : 81) and ACGGC (SEQ ID NO : 82). [ 0038 ] In
another aspect of the invention there is provided an
MNAzyme ligase comprising a pair of isolated nucleic
acids as catalytic core sequences incorporated into
apartzyme pair wherein said pairs of nucleic acids are
selected from the group consisting of TGGAGGTGGGCTC
(SEQ ID NO : 47) and ACG (SEQ ID NO: 48), GGAGGTGGGCTC
(SEQ ID NO : 49) and ACGT (SEQ ID NO: 50),
GGAGGTTAGCTC (SEQ ID NO : 71) and ACGGCGGAGTGATTG (SEQ
ID NO : 72), TGGGAGGTTAGCTC (SEQ ID NO : 73) and
ACGGCGGAGTGAT (SEQ ID NO : 74), ATTGGGAGGTTAGCTC (SEQ
ID NO : 75) and ACGGCGGAGTG (SEQ ID NO : 76),
TGATTGGGAGGTTAGCTC (SEQ ID NO : 77) and ACGGCGGAG (SEQ
ID NO : 78), AGTGATTGGGAGGTTAGCTC (SEQ ID NO : 79) and
ACGGCGG (SEQ ID NO : 80), GGAGTGATTGGGAGGTTAGCTC (SEQ
ID NO : 81) and ACGGC (SEQ ID NO : 82). [ 0039 ] In
another aspect of the invention there is provided use
of an MNAzyme ligase to ligate two substrates wherein
said substrates are ligated by said MNAzyme ligase to
form a product following the engagement of said
substrates by the substrate arms of said MNAzyme
ligase. [ 0040 ] In one embodiment the product may
associate with the components of at least one nucleic
acid complex. [ 004 1 ] In another embodiment the
product may be selected from the group comprising
assembly facilitator, partzyme, substrate, DNAzyme,
stabiliser arm, activity inhibitor, assembly
inhibitor, or component thereof. The product may
participate in a cascade. 



[ 0042 ] In another embodiment at least one substrate
is the product of a reaction catalysed by a nucleic
acid enzyme. [ 0043 ] In another aspect of the
invention there is provided a method for the detection
of a plurality of targets comprising: a) providing a
plurality of first nucleic acid complexes each
comprising components which require association with
one of said plurality of targets to facilitate
formation of a plurality of first nucleic acid
enzymes, wherein each of said plurality of first
nucleic acid complexes further comprises at least one
substrate, and b) providing at least one component of
each of a plurality of second nucleic acid complexes
capable of associating with a plurality of products of
reactions catalysed bythe plurality of first nucleic
acid enzymes and forming a plurality of second nucleic
acid complexes capable of functioning as a plurality
of second nucleic acid enzymes, wherein at least one
of said nucleic acid enzymes has ligase activity and
at least one of said nucleic acid enzymes is an
MNAzyme, and wherein said method comprises: i)
contacting a sample putatively containing said
plurality of targets with the plurality of first
nucleic acid complexes, wherein said plurality of
targets associate with said plurality of first nucleic
acid complexes to facilitate formation of said
plurality of first nucleic acid enzymes, and ii)
contacting a plurality of products of the reactions
catalysed by the plurality of first nucleic acid
enzymes with at least one component of each of the
plurality of second nucleic acid complexes thereby
permitting formation of the plurality of said second
nucleic acid complexes which function as said
plurality of second nucleic acid enzymes, and wherein
activity of the first or second or both pluralities of
nucleic acid enzymes is indicative of the presence of
said plurality of targets. [ 0044 ] In one embodiment
at least one of the products of the reactions
catalysed by any one of the plurality of first or
second nucleic acid enzymes may be a component
required to permit function of at least one additional
nucleic acid enzyme. [ 0045 ] In another embodiment at
least one of the products of the reactions catalysed
by any one of the nucleic acid enzymes associates with
the components of any one of the preceding nucleic
acid complexes thereby permitting at least one of the
nucleic acid complexes to function as further nucleic
acid enzyme. [ 0046 ] In another aspect of the
invention there is provided use of at least two
oligonucleotides as multi-component nucleic acid
enzyme ligase (MNAzyme ligase) substrates wherein said
substrates are modified by an MNAzyme ligase following
the engagement of said substrates by the substrate
arms of said MNAzyme ligase. [ 0047 ] In another
aspect of the invention there is provided a method for
the detection of at least two targets wherein said
method comprises:a) providing at least two nucleic
acid complexes each comprising components which
require association with at least one of said targets
to facilitate formation of at least two nucleic acid
enzyme complexes, and b) contacting a sample
putatively containing said at least two targets with
said at least two nucleic acid complexes, wherein said
targets associate with said nucleic acid complexes to
facilitate formation of said nucleic acid enzyme
complexes, and wherein at least one product created by
the activity of each nucleic acid enzyme complex is
required for formation of an additional nucleic acid
enzyme complex, and wherein activity of the additional
nucleic acid enzyme complex is indicative of the
presence of said at least two targets. [ 0048 ] In one
embodiment at least one of said nucleic acid enzyme
complexes may have ligase activity. Further, at least
one of said nucleic acid enzyme complexes may be an
MNAzyme complex. [ 0049 ] According to another aspect
of the invention there is provided use of an MNAzyme
with ligase activity (MNAzyme ligase) to switch an
active MNAzyme to an MNAi complex; wherein said active
MNAzyme is formed in the presence of at least a first
assembly facilitator component and a second assembly
facilitator component and wherein said MNAzyme ligase
forms in the presence of at least a third assembly
facilitator and wherein said MNAzyme ligase
facilitates the ligation of said second assembly
facilitator component with an activity inhibitor
component to form an activity inhibitor; and wherein
said activity inhibitor associates with one or more
components of said MNAzyme to form an MNAi complex. [
0050 ] In one embodiment at least one of the assembly
facilitators, activity inhibitor component or activity
inhibitor may be nucleic acid molecules.[ 005 1 ] In
one embodiment at least one of the assembly
facilitators, activity inhibitor component or activity
inhibitor may be comprised of DNA or an analogue
thereof. [ 0052 ] According to another aspect of the
invention there is provided a multicomponent nucleic
acid enzyme with ligase activity comprising at least
two or more oligonucleotide components wherein at
least a first oligonucleotide component and a second
oligonucleotide component self-assemble in the
presence of an MNAzyme ligase assembly facilitator to
form a catalytically active multi-component nucleic
acid enzyme with ligase activity (MNAzyme ligase),
wherein each of said at least first and said second
oligonucleotide components comprise a substrate arm
portion, a catalytic core portion, and a sensor arm
portion; wherein upon self-assembly, the sensor arm
portion of said first and second oligonucleotide
components act as sensor arms of the MNAzyme ligase,
the substrate arm portion of the first and second
oligonucleotide components act as substrate arms of
the MNAzyme ligase, and the catalytic core portion of
the first and second oligonucleotide components act as
a catalytic core of the MNAzyme ligase; and wherein
the sensor arms of the MNAzyme ligase interact with
said MNAzyme ligase assembly facilitator so as to
maintain the first and second oligonucleotide
components in proximity for association of their
respective catalytic core portions to form the
catalytic core of the MNAzyme ligase, said catalytic
core capable of ligating at least two substrates, and
wherein said substrate arms of said MNAzyme ligase
engage first and second substrates so that said
catalytic core of said MNAzyme can ligate said
substrates. [ 0053 ] In one embodiment at least one of
said oligonucleotide components, assembly facilitator
or substrates of the multicomponent nucleic acid
enzyme with ligase activity may comprise DNA or an
analogue thereof. [ 0054 ] In one embodiment ligation
of the substrates may provide a detectable effect. [
0055 ] In another aspect of the invention there is
provided a composition comprising at least two
oligonucleotide partzymes each comprising at least a
catalytic core portion, a sensor arm portion, and a
reporter arm portion, and at least three further
oligonucleotide components comprising an assembly
facilitator oligonucleotide and at least two
substratenucleic acids, wherein said composition is
capable of forming a multicomponent nucleic acid
complex capable of ligating the substrate nucleic
acids. [ 0056 ] In one embodiment at least one of said
oligonucleotide components, assembly facilitator or
substrates of the composition may comprise DNA or an
analogue thereof. [ 0057 ] In another aspect of the
invention there is provided a composition comprising
at least two or more oligonucleotide components
wherein at least a first oligonucleotide component and
a second oligonucleotide component self-assemble in
the presence of an MNAzyme assembly facilitator to
form a catalytically active multi-component nucleic
acid enzyme with ligase activity (MNAzyme ligase)
wherein each of said at least first and said second
oligonucleotide components comprise a substrate arm
portion, a catalytic core portion, and a sensor arm
portion; wherein upon self-assembly, the sensor arm
portion of said first and second oligonucleotide
components act as sensor arms of the MNAzyme ligase,
the substrate arm portion of the first and second
oligonucleotide components act as substrate arms of
the MNAzyme ligase, and the catalytic core portion of
the first and second oligonucleotide components act as
a catalytic core of the MNAzyme ligase; and wherein
the sensor arms of the MNAzyme ligase interact with
said MNAzyme assembly facilitator so as to maintain
the first and second oligonucleotide components in
proximity for association of their respective
catalytic core portions to form the catalytic core of
the MNAzyme ligase, said catalytic core capable of
ligating at least one substrate to another, and
wherein said substrate arms of said MNAzyme ligase
engage first and second substrates so that said
catalytic core of said MNAzyme ligase can ligate said
substrates. [ 0058 ] In one embodiment ligation of the
substrates may provide a detectable effect. [ 0059 ]
In one embodiment at least one of said oligonucleotide
components, assembly facilitator or substrates of the
composition may comprise DNA or an analogue thereof. 



[ 0060 ] In another aspect of the invention there is
provided a multicomponent nucleic acid enzyme with
ligase activity wherein at least one oligonucleotide
component of said MNAzyme further comprises an
aptamer.[ 0061 ] In another aspect at least one of the
assembly facilitator or substrates further comprises
an aptamer. [ 0062 ] In one embodiment assembly of the
MNAzyme ligase may be directed by the presence or
absence of one or more analytes capable of binding the
aptamer. [ 0063 ] In another aspect of the invention
there is provided a method for detecting the presence
of at least one assembly facilitator comprising (a)
providing at least two or more oligonucleotide
components wherein at least a first oligonucleotide
component and a second oligonucleotide component
self-assemble in the presence of an assembly
facilitator to form at least one catalytically active
multicomponent nucleic acid enzyme with ligase
activity (MNAzyme ligase), (b) contacting the two or
more oligonucleotide components with a sample
putatively containing the assembly facilitator under
conditions permitting: (1) the self-assembly of said
at least one catalytically active MNAzyme ligase and
(2) the catalytic activity of said at least one
MNAzyme ligase; and (c) determining the presence of
the catalytic activity of said at least one MNAzyme
ligase, wherein the presence of the catalytic activity
is indicative of the presence of said at least one
assembly facilitator. [ 0064 ] In one embodiment at
least one of said oligonucleotide components or
assembly facilitator may be comprised of DNA or an
analogue thereof. [ 0065 ] In one embodiment said
assembly facilitator may be a target to be identified,
detected or quantitated. [ 0066 ] In one embodiment
said target may be a nucleic acid. [ 0067 ] In a
preferred emobodiment said nucleic acid may be
selected from the group comprising DNA, methylated
DNA, alkylated DNA, RNA, methylated RNA, microRNA,
siRNA, shRNA, mRNA, tRNA, snoRNA, stRNA, smRNA, pre-
and pri-microRNA, other non-coding RNAs, ribosomal
RNA, derivatives thereof, amplicons thereof or any
combination thereof.[ 0068 ] In one embodiment the
source of the nucleic acid may be selected from the
group comprising synthetic, mammalian, human, animal,
plant, fungal, bacterial, viral, archael sources or
any combination thereof. [ 0069 ] In one embodiment
the method may further comprise a step of amplifying
the assembly facilitator. [ 0070 ] In one embodiment
the step of amplifying may comprise one or more of:
polymerase chain reaction (PCR), strand displacement
amplification, loop-mediated isothermal amplification,
rolling circle amplification, transcription-mediated
amplification, self-sustained sequence replication,
ligase chain reaction, nucleic acid sequence based
amplification, or reverse transcription polymerase
chain reaction (RTPCR). [ 0071 ] In one embodiment at
least one of said assembly facilitator, said
oligonucleotide components or substrates for the
reaction or a combination thereof may be comprised of
more than one molecule. [ 0072 ] In one embodiment the
method may further comprise determination of the
presence of said catalytic activity during or after
said amplification. [ 0073 ] In one embodiment the
self assembly of the MNAzyme ligase may require
contact of the assembly facilitator with one or both
of said first and second oligonucleotide components. [
0074 ] In one embodiment the method may further
comprise providing at least a third oligonucleotide
component that contacts at least a portion of either
or both of the first and second oligonucleotide
components to self-assemble the MNAzyme ligase. [ 0075
] In one embodiment the method said third
oligonucleotide component may be comprised of more
than molecule. [ 0076 ] In one aspect of the invention
there is provided an isolated nucleic acid sequence
capable of forming part of a catalytic core of an
MNAzyme ligase comprising the sequence selected from
the group comprising TGGAGGTGGGCTC (SEQ ID NO : 47),
ACG (SEQ ID NO: 48), GGAGGTGGGCTC (SEQ ID NO : 49),
ACGT (SEQ ID NO: 50), GGAGGTTAGCTC (SEQ ID NO : 71),
ACGGCGGAGTGATTG (SEQ IDN O :72), TGGGAGGTTAGCTC (SEQ
ID N O :73), ACGGCGGAGTGAT (SEQ ID N O :74),
ATTGGGAGGTTAGCTC (SEQ ID N O :75), ACGGCGGAGTG (SEQ ID
N O :76), TGATTGGGAGGTTAGCTC (SEQ ID N O :77),
ACGGCGGAG (SEQ ID N O :78), AGTGATTGGGAGGTTAGCTC (SEQ
ID N O :79), ACGGCGG (SEQ ID N O :80),
GGAGTGATTGGGAGGTTAGCTC (SEQ ID N O :81), and ACGGC
(SEQ ID N O :82). [ 0077 ] According to another aspect
of the present invention, there is provided a method
for the detection of a first assembly facilitator
using a cascade comprising components for a first
MNAzyme, a first MNAzyme substrate, components for a
second MNAzyme, a second assembly facilitator for the
second MNAzyme, a second MNAzyme substrate, a third
assembly facilitator for the third MNAzyme, at least a
third MNAzyme substrate, and a first partzyme for the
third MNAzyme wherein association of said first
assembly facilitator with said components for a first
MNAzyme under conditions permitting catalytic activity
of said first MNAzyme facilitates the catalytic
activity of said first MNAzyme thereby cleaving the
said first MNAzyme substrate wherein; the cleavage of
the first MNAzyme substrate results in the production
of a fourth MNAzyme substrate; and wherein the second
MNAzyme assembly facilitator facilitates assembly of
the second MNAzyme with the second and fourth MNAzyme
substrates; and wherein catalytic ligase activity of
the second MNAzyme produces a second partzyme for the
third MNAzyme, and wherein; association of said first
and second partzymes for the third MNAzyme with said
third assembly facilitator, under conditions
permitting catalytic activity of the third MNAzyme
facilitates the catalytic activity of said third
MNAzyme thereby providing modification of the at least
a third MNAzyme substrate. [ 0078 ] The modification
of the first, second or at least a third MNAzyme
substrates or any combination thereof may provide a
detectable effect.[ 0079 ] The modification of the at
least a third MNAzyme substrate may be selected from
the group comprising cleavage of nucleic acids,
ligation of nucleic acids, phosphorylation of nucleic
acids, nucleic acid capping, amino acid adenylation,
cofactor synthesis, RNA polymerization,
template-directed polymerization, RNA-protein
conjugation, aldol reaction, alcohol oxidation,
aldehyde reduction, purine and pyrimidine nucleotide
synthesis, alkylation, amide synthesis, urea
synthesis, formation of peptide bonds, peptidyl-RNA
synthesis, acyl transfer, aminoacylation, carbonate
hydrolysis, phosphorothioate alkylation, porphyrin
metallation, formation of carbon-carbon bonds, Pd
nanoparticle formation, biphenyl isomerization,
formation of ester bonds, formation of amide bonds,
DNA deglycosylation, thymine dimer photoreversion and
phosphoramidate cleavage. [ 0080 ] In one embodiment
of the invention the method further comprises an
amplification cascade wherein a product of the third
MNAzyme is the fourth MNAzyme substrate, and wherein
the second MNAzyme facilitates the ligation of the
second and the fourth MNAzyme substrates thereby
producing a further second partzyme for the third
MNAzyme. [ 008 1 ] According to another aspect of the
present invention, there is provided a method for the
detection of a first assembly facilitator using a
cascade comprising a components for a first MNAzyme, a
first MNAzyme substrate, components for a second
MNAzyme, a second MNAzyme assembly facilitator, a
second MNAzyme substrate, components for a third
MNAzyme and at least a third MNAzyme substrate,
wherein association of said first assembly facilitator
with said components for a first MNAzyme under
conditions permitting catalytic activity of said first
MNAzyme facilitates the catalytic activity of said
first MNAzyme thereby cleaving the said first MNAzyme
substrate wherein; the cleavage of the first MNAzyme
substrate results in the production of the fourth
MNAzyme substrate; and wherein the second MNAzyme
assembly facilitator facilitates assembly of the
second MNAzyme with the second and fourth MNAzyme
substrates; andwherein catalytic activity of the
second MNAzyme produces a third MNAzyme assembly
facilitator for the third MNAzyme, and wherein;
association of said third MNAzyme assembly facilitator
with said components for a third MNAzyme under
conditions permitting catalytic activity of the third
MNAzyme facilitates the catalytic activity of said
third MNAzyme thereby providing modification of the at
least a third MNAzyme substrate. [ 0082 ] The
modification of the first, second or at least a third
MNAzyme substrate or 



any combination thereof may provide a detectable
effect. [ 0083 ] The modification of the at least a
third MNAzyme substrate may be selected from the group
comprising cleavage of nucleic acids, ligation of
nucleic acids, phosphorylation of nucleic acids,
nucleic acid capping, amino acid adenylation, cofactor
synthesis, RNA polymerization, template-directed
polymerization, RNA-protein conjugation, aldol
reaction, alcohol oxidation, aldehyde reduction,
purine and pyrimidine nucleotide synthesis,
alkylation, amide synthesis, urea synthesis, formation
of peptide bonds, peptidyl-RNA synthesis, acyl
transfer, aminoacylation, carbonate hydrolysis,
phosphorothioate alkylation, porphyrin metallation,
formation of carbon-carbon bonds, Pd nanoparticle
formation, biphenyl isomerization, formation of ester
bonds, formation of amide bonds, DNA deglycosylation,
thymine dimer photoreversion and phosphoramidate
cleavage. [ 0084 ] In one embodiment of the invention
the method further comprises an amplification cascade
wherein a product of the third MNAzyme is the fourth
MNAzyme substrate, and wherein the second MNAzyme
facilitates the ligation of the second and the fourth
MNAzyme substrates thereby producing further third
assembly facilitator for the third MNAzyme. [ 0085 ]
According to another aspect of the present invention,
there is provided a method for the detection of a
first assembly facilitator using a cascade comprising
components for a first MNAzyme with cleavage activity,
a first MNAzyme substrate, a first DNAzyme with ligase
activity (DNAzyme ligase), a first DNAzyme ligase
substrate, a second assembly facilitator, at least a
second MNAzyme substrate, and a first partzyme for a
second MNAzyme whereinassociation of said first
assembly facilitator with said components for a first
MNAzyme under conditions permitting catalytic activity
of said first MNAzyme facilitates the catalytic
activity of said first MNAzyme thereby providing
modification of said first MNAzyme substrate wherein;
the modification of the first MNAzyme substrate
results in the production of the second DNAzyme ligase
substrate; and wherein the first DNAzyme ligase
assembles with the first and second DNAzyme ligase
substrates; and wherein catalytic activity of the
DNAzyme ligase produces a second partzyme for the
second MNAzyme, and wherein; association of said
second partzyme for the second MNAzyme with said
second assembly facilitator, and the first partzyme
for the second MNAzyme under conditions permitting
catalytic activity of the second MNAzyme facilitates
the catalytic activity of said second MNAzyme thereby
providing modification of the at least second MNAzyme
substrate. [ 0086 ] At least one of said
oligonucleotide components, assembly facilitator or
substrates may comprise DNA or an analogue thereof. [
0087 ] The first assembly facilitator may be a target
to be identified, detected or quantitated. [ 0088 ]
The modification of the first or second MNAzyme
substrate or ligase substrates or any combination
thereof may provide a detectable effect. [ 0089 ] The
catalytic activity of the second MNAzyme may be
selected from the group comprising cleavage of nucleic
acids, ligation of nucleic acids, phosphorylation of
nucleic acids, nucleic acid capping, amino acid
adenylation, cofactor synthesis, RNA polymerization,
template-directed polymerization, RNA-protein
conjugation, aldol reaction, alcohol oxidation,
aldehyde reduction, purine and pyrimidine nucleotide
synthesis, alkylation, amide synthesis, urea
synthesis, formation of peptide bonds, peptidyl-RNA
synthesis, acyl transfer, aminoacylation, carbonate
hydrolysis, phosphorothioate alkylation, porphyrin
metallation, formation of carbon-carbon bonds,Pd
nanoparticle formation, biphenyl isomerization,
formation of ester bonds, formation of amide bonds,
DNA deglycosylation, thymine dimer photoreversion and
phosphoramidate cleavage. [ 0090 ] The modification of
the second MNAzyme substrate may be cleavage. [ 0091 ]
The ligation of the substrates may provide a
detectable effect. [ 0092 ] In one embodiment of the
invention the method further comprises an
amplification cascade wherein a product of the second
MNAzyme is the second DNAzyme ligase substrate, and
wherein the DNAzyme ligase facilitates the ligation of
the first and second DNAzyme ligase substrates thereby
producng a further second partzyme for the second
MNAzyme. [ 0093 ] The DNAzyme ligase may be selected
from the group comprising DNAzyme ligases 7Z81, 7Z48
and 7Q10. [ 0094 ] According to another aspect of the
present invention, there is provided a method for the
detection of a first assembly facilitator using a
cascade comprising components for a first MNAzyme with
cleavage activity, a first MNAzyme substrate, a first
DNAzyme with ligase activity (DNAzyme ligase), a first
DNAzyme ligase substrate, components for a second
MNAzyme and at least a second MNAzyme substrate, and
wherein association of said first assembly facilitator
with said components for a first MNAzyme under
conditions permitting catalytic activity of said first
MNAzyme facilitates the catalytic activity of said
first MNAzyme thereby providing modification of said
first MNAzyme substrate wherein; the modification of
the first MNAzyme substrate results in the production
of a second DNAzyme ligase substrate; and wherein the
first DNAzyme ligase assembles with the first and
second DNAzyme ligase substrates; and wherein
catalytic activity of the DNAzyme ligase produces a
second assembly facilitator for the second MNAzyme,
and wherein;association of said second assembly
facilitator for the second MNAzyme with said
components for a second MNAzyme under conditions
permitting catalytic activity of the second MNAzyme
facilitates the catalytic activity of said second
MNAzyme thereby providing modification of the at least
second MNAzyme substrate. [ 0095 ] At least one of
said oligonucleotide components, assembly facilitator
or substrates may comprise DNA or an analogue thereof.
[ 0096 ] The modification of the first or second
MNAzyme substrate or ligase substrates or any
combination thereof may provide a detectable effect [
0097 ] The first assembly facilitator may be a target
to be identified, detected or quantitated. [ 0098 ]
The catalytic activity of the second MNAzyme may be
selected from the group comprising cleavage of nucleic
acids, ligation of nucleic acids, phosphorylation of
nucleic acids, nucleic acid capping, amino acid
adenylation, cofactor synthesis, RNA polymerization,
template-directed polymerization, RNA-protein
conjugation, aldol reaction, alcohol oxidation,
aldehyde reduction, purine and pyrimidine nucleotide
synthesis, alkylation, amide synthesis, urea
synthesis, formation of peptide bonds, peptidyl-RNA
synthesis, acyl transfer, aminoacylation, carbonate
hydrolysis, phosphorothioate alkylation, porphyrin
metallation, formation of carbon-carbon bonds, Pd
nanoparticle formation, biphenyl isomerization,
formation of ester bonds, formation of amide bonds,
DNA deglycosylation, thymine dimer photoreversion and
phosphoramidate cleavage. [ 0099 ] The DNAzyme ligase
may be selected from the group comprising DNAzyme
Hgases 7Z81, 7Z48 and 7Q10. [ 00100 ] The modification
of the second MNAzyme substrate may be cleavage. [
00101 ] The ligation of the substrates may provide a
detectable effect. [ 00102 ] In one embodiment of the
invention the method further comprises an
amplification cascade wherein a product of the second
MNAzyme is the second DNAzyme ligase substrate, and
wherein the DNAzyme ligase facilitates the ligation
ofthe first and second DNAzyme ligase substrates
thereby producing further second assembly facilitator
for the second MNAzyme. [ 00103 ] According to another
aspect of the present invention, there is provided a
method for the detection of a first assembly
facilitator using a cascade comprising components for
a first MNAzyme with cleavage activity (a first
MNAzyme cleaver), a first cleavable MNAzyme substrate,
components for a first MNAzyme with ligase activity (a
first MNAzyme ligase), a first MNAzyme ligase assembly
facilitator, a first MNAzyme ligase substrate, a
second assembly facilitator for a second MNAzyme
cleaver, a second cleavable MNAzyme substrate, and a
first partzyme for a second MNAzyme cleaver wherein
association of said first assembly facilitator with
said components for a first MNAzyme cleaver under
conditions permitting catalytic activity of said first
MNAzyme cleaver facilitates the catalytic activity of
said first MNAzyme cleaver thereby providing 



modification of said first cleavable MNAzyme substrate
wherein; the modification of the first cleavable
MNAzyme substrate results in the production of a
second MNAzyme ligase substrate; and wherein the
MNAzyme ligase assembly facilitator facilitates
assembly of the first MNAzyme ligase with the first
and second MNAzyme ligase substrates; and wherein
catalytic activity of the MNAzyme ligase produces a
second partzyme for the second MNAzyme cleaver, and
wherein; association of said first and second
partzymes for the second MNAzyme cleaver with said
second assembly facilitator, under conditions
permitting catalytic activity of the second MNAzyme
cleaver facilitates the catalytic activity of said
second MNAzyme cleaver thereby providing modification
of the second cleavable MNAzyme substrate. [ 00104 ]
At least one of said oligonucleotide components,
assembly facilitators or substrates may comprise DNA
or an analogue thereof. [ 00105 ] The first assembly
facilitator may be a target to be identified, detected
or quantitated.[ 00106 ] The modification of the first
or second cleavable MNAzyme substrate or both may
provide a detectable effect. [ 00107 ] The ligation of
the substrates may provide a detectable effect. [
00108 ] In one embodiment the method further comprises
an amplification cascade wherein the product of the
second MNAzyme is the second MNAzyme ligase substrate,
and wherein the MNAzyme ligase facilitates the
ligation of the first and second MNAzyme ligase
substrates thereby producing a further second partzyme
for the second MNAzyme cleaver. [ 00109 ] According to
another aspect of the present invention, there is
provided a method for the detection of a first
assembly facilitator using a cascade comprising
components for a first MNAzyme with cleavage activity
(a first MNAzyme cleaver), a first cleavable MNAzyme
substrate, components for a first MNAzyme with ligase
activity (a first MNAzyme ligase), a first MNAzyme
ligase assembly facilitator, a first MNAzyme ligase
substrate, components for a second MNAzyme cleaver and
a second cleavable MNAzyme substrate, wherein
association of said first assembly facilitator with
said components for a first MNAzyme cleaver under
conditions permitting catalytic activity of said first
MNAzyme cleaver facilitates the catalytic activity of
said first MNAzyme cleaver thereby providing
modification of said first cleavable MNAzyme substrate
wherein; the modification of the first cleavable
MNAzyme substrate results in the production of the
second MNAzyme ligase substrate; and wherein the
MNAzyme ligase assembly facilitator facilitates
assembly of the first MNAzyme ligase with the first
and second MNAzyme ligase substrates; and wherein
catalytic activity of the MNAzyme ligase produces a
second MNAzyme assembly facilitator for the second
MNAzyme cleaver, and wherein; association of said
second MNAzyme assembly facilitator with said
components for a second MNAzyme cleaver under
conditions permitting catalytic activity of the second
MNAzyme cleaver facilitates the catalytic activity of
said secondMNAzyme cleaver thereby providing
modification of the second cleavable MNAzyme
substrate. [ 001 10 ] At least one of said
oligonucleotide components, assembly facilitators or
substrates may comprise DNA or an analogue thereof. [
001 11 ] The modification of the first or second
cleavable MNAzyme substrate or both may provide a
detectable effect. [ 001 12 ] The ligation of the
substrates may provide a detectable effect. [ 001 13 ]
The first assembly facilitator may be a target to be
identified, detected or quantitated. [ 001 14 ] In one
embodiment the method further comprises an
amplification cascade wherein the product of the
second MNAzyme is the second MNAzyme ligase substrate,
and wherein the MNAzyme ligase facilitates the
ligation of the first and second MNAzyme ligase
substrates thereby producing a further second MNAzyme
assembly facilitator for the second MNAzyme cleaver. [
001 15 ] In another aspect of the invention there is
provided a use of at least one oligonucleotide as a
multi-component nucleic acid enzyme (MNAzyme)
substrate wherein said substrate is modified by said
MNAzyme following the engagement of said substrate by
the substrate arms of said MNAzyme. [ 001 16 ] In
another aspect of the invention there is provided a
method for making MNAzymes which incorporate partial
sequences from a DNAzyme wherein said method comprises
the following steps: a) selecting positions within
said DNAzyme sequence for splitting into partial
catalytic core sequences b) incorporating said partial
catalytic core sequences into partzymes c) detecting
catalytic activity of the partzyme pairs to determine
which combination of said partial catalytic core
sequences in said partzymes is compatible with the
formation of active MNAzymes. [ 001 17 ] In another
aspect of the invention there is provided a method for
testing partial catalytic core sequences derived from
a DNAzyme catalytic core which, uponincorporation into
partzymes, generate functionally active MNAzymes,
wherein said method comprises a) splitting the
catalytic core sequence of said DNAzyme b)
incorporating the resulting partial catalytic core
sequences into partzymes: c) detecting MNAzyme
activity to determine which combination of said
partial catalytic core sequences in said partzymes is
compatible with the formation of active MNAzymes. [
001 18 ] In another aspect of the invention there is
provided a method for identifying which positions
within a DNAzyme catalytic core sequence are suitable
for splitting into partial catalytic core sequences
which, upon incorporation into partzymes, result in
functionally active MNAzymes wherein said method
comprises the following steps: a) splitting the
catalytic core sequence from said DNAzyme b)
incorporating the resulting partial catalytic core
sequences into partzymes: c) detecting MNAzyme
activity to determine which combination of said
partial catalytic core sequences in said partzymes is
compatible with the formation of active MNAzymes.
BRIEF DESCRIPTION OF THE DRAWINGS [ 001 19 ] Preferred
embodiments of the present invention will now be
described, by way of example only, with reference to
the accompanying drawings wherein: [ 00120 ] Figure 1:
Depiction of one exemplary design of a Multi-component
nucleic acid (MNAzyme): By way of exemplary
disclosure, an MNAzyme is comprised of two
oligonucleotide components (partzyme A and partzyme
B), which self assemble in the presence of an assembly
facilitator. When the two partzymes assemble in the
presence of the assembly facilitator, a catalytically
active MNAzyme forms which is capable of modifying,
for example cleaving, a substrate. The two component
partzymes have (i) sensor arms, which bind to the
assembly facilitator, (ii) substrate arms, which bind
the substrate, and (iii) partial catalytic core
sequences. The presence of an assembly facilitator
molecule provides the "input" signal which directs the
assembly of partzyme components in a highly specific
fashion which is amenable to modulation. In some
embodiments, the assembly facilitator may be, for
example, a target nucleic acidsequence present in a
test sample. In other embodiments, the assembly
facilitator may be, for example a synthetic
oligonucleotide included in the milieu to direct the
selfassembly of the partzyme components in the
presence of a detectable entity or event. Modification
of the substrate by the assembled MNAzyme can provide
an "output" signal which may be detected and/or
quantified. For example, when the substrate is dual
labelled with a fluorophore (F) and a quencher (Q),
cleavage of the substrate by an active MNAzyme
separates the fluorophore and the quencher resulting
in a concomitant increase in fluorescence. [ 00121 ]
Figure 2 : Additional exemplary designs for active
MNAzymes. Panel (i): Depiction of an exemplary design
for MNAzymes where multiple assembly facilitator
components are required for MNAzyme formation. In this
design, one assembly facilitator component (Fl) is
complementary to regions of the sensor arms of both
partzyme A and B, whereas a second assembly
facilitator component (F2) is complementary to either
partzyme B only (as per this illustration), or
partzyme A only. The two assembly facilitator
components together direct the assembly of an active
MNAzyme which can modify (eg cleave) a substrate.
Panel (ii): Depiction of an exemplary design where one
partzyme A component and bi-partite partzyme B
components assemble in the presence of assembly
facilitator to produce an active 



MNAzyme capable of modifying (eg cleaving) a
substrate. In this diagram, partzyme B has a truncated
sensor arm (T), which is insufficient to allow stable
MNAzyme assembly in the absence of a second component,
referred to as a stabiliser arm component (S).
Hybridization of the stabiliser arm to the assembly
facilitator in a location adjacent to the truncated
sensor arm of the partzyme, allows assembly of an
active MNAzyme. [ 00122 ] It would be appreciated by
one skilled in the art that the partzyme arm, which is
truncated, could be any of the following; the partzyme
A sensor arm, the partzyme B sensor arm (as
illustrated), the partzyme A substrate arm or the
partzyme B substrate arm, or a combination thereof. [
00123 ] Figure 3 : Changes in output signal
(fluorescence) over time in the presence of active and
inactive multi-component nucleic acid complexes. In
this example, the first partzyme (A) comprises a
single component oligonucleotide. Thesecond partzyme
(B) has one component containing a substrate arm, a
partial catalytic core and a truncated sensor arm (T),
and a second component which serves as a stabiliser
arm (S). [ 00124 ] An increase in fluorescence was
observed in reaction (i), which contained all the
components of partzymes A and B and an assembly
facilitator. This is consistent with the assembly of
active MNAzymes and cleavage of the substrate in this
reaction. The omission of the stabilizer arm portion
of partzyme B (reaction (U)) resulted in no increase
in signal over time indicating that this component is
essential for the assembly of active MNAzymes in this
system. A control reaction lacking an assembly
facilitator (reaction (Ui)) also showed no increase in
fluorescence over time. [ 00125 ] These reactions
represent two alternate states for the oligonucleotide
complexes. The active MNAzyme (reaction (i))
represents the active complex ("on" state). Those
reactions where either a partzyme stabiliser arm
component (reaction (U)), or an assembly facilitator
component (reaction (Ui)) is omitted, are
representative of inactive MNA complexes ("off
states). As such, the MNAzyme catalytic activity can
be regulated by the presence or absence of various
oligonucleotides and/or by the ability of such
oligonucleotide components to be functionally active,
for example to be capable of hybridizing with other
oligonucleotide components to form stable MNAzymes or
MNAzyme complexes. The truncated arm is designed to be
insufficient to allow stable MNAzyme assembly under
the reaction conditions, unless accompanied by a
stabiliser arm component. The stabiliser arm, and the
assembly facilitator, can function as "on" switches
for MNAzyme activity. [ 00126 ] Figure 4 : Depiction
of an exemplary design for an inactive multicomponent
nucleic acid inhibitor (MNAi) complex (left hand side)
and an active MNAzyme (right hand side): An MNAi
complex is formed when partzymes A and B complex with
an assembly facilitator component and an activity
inhibitor (left hand side). The inactive MNAi complex
is capable of interacting with, but not catalytically
modifying, the substrate. In some embodiments, the
activity inhibitor may further include a labile or
cleavable linker (indicated by the dotted arrow),
which may separate two or more domains within the
activity inhibitor. Such domains may include,
forexample, (i) an activity inhibitor portion which is
substantially non-complementary to the partzyme
components and which exerts an inhibitory effect by
disrupting the secondary structure required for
formation of a catalytically active MNAzyme and (ii)
an activator assembly facilitator portion, which if
separated from the activity inhibitor portion, may
function as an assembly facilitator component and
direct the assembly of an active MNAzyme. [ 00127 ]
Figure 5: Demonstration of catalytic activity from
various multicomponent nucleic acid complexes. All
reactions contained partzyme A, partzyme B, and a
substrate labelled with a fluorophore quencher dye
pair. In addition, reactions contained either (i) an
assembly facilitator F1/2, (ii) an assembly
facilitator comprising portions Fl and F2 (the
sequence of which together correspond to that of
assembly facilitator F1/2), (iii) assembly facilitator
portion Fl and an activity inhibitor containing two
joined domains corresponding to an activity inhibitor
portion and portion with the same sequence as F2 or
(iv) no assembly facilitator or activity inhibitor. [
00128 ] The change in fluorescence was monitored over
time as a measure of catalytic cleavage of the
substrate by an active MNAzyme (Figure 5). The
fluorescence increased rapidly in reactions containing
either assembly facilitator F1/2 or assembly
facilitator components Fl and F2, indicating the
formation of active MNAzymes 1 and 2 respectively,
both of which are capable of cleaving the substrate.
In contrast, the reaction containing Fl and the
activity inhibitor showed no increase in fluorescence
over time indicating the formation of inactive MNAi
complexes. No increase in fluorescence was seen in the
absence of assembly facilitator. [ 00129 ] Figure 6.
Exemplary structures for variant MNAzyme designs. Some
examples of active MNAzyme complexes are shown in
Panels A to D. These structures are all capable of
forming catalytically active enzymes, which can
modify, for example cleave, a substrate (S).
Illustrated are schemes for MNAzyme complexes, which
include one assembly facilitator Fl (panel A), two
assembly facilitator components Fl and F2 (panels B
and D) or three assembly facilitator components Fl, F2
and F3 (panel C). Panel A includes sensor arms with
self complementary regions within the partzyme
sensorarms. MNAzyme complexes may also include one or
more stabilising arms (sA) as shown in panel D. [
00130 ] Figure 7: An exemplary strategy for the
modulation of the activity of MNAzymes.The strategy in
this system can be used either as (i) a method to
control MNAzyme activity using ligands as activator
molecules, and/or (ii) a method of detection of
nucleic and non-nucleic acid targets using
apta-MNAzymes. [ 00131 ] The nucleic acid
oligonucleotides included in this exemplary apta-
MNAzyme detection strategy include; a) a partzyme; b)
an apta-partzyme which is a partzyme with an aptamer
incorporated into one of its ends; c) an assembly
facilitator which is an oligonucleotide which binds to
both the apta-partzyme and the partzyme enabling
assembly of an active MNAzyme; d) a substrate e.g. a
reporter substrate; and e) an assembly inhibitor
oligonucleotide which hybridises to the apta-partzyme
in a region which spans at least part of the aptamer
sequence and part of the substrate binding arm of the
apta-partzyme sequence. [ 00132 ] In the absence of an
activator ligand (left hand panel), the assembly
inhibitor oligonucleotide binds to the apta-partzyme
thus competing with and blocking binding of the
reporter substrate. When an activator ligand is
present (right hand panel), it binds to the aptamer
sequence of the apta-partzyme, blocking the binding of
the assembly inhibitor oligonucleotide, and thus
allowing assembly of an active apta-MNAzyme complex
and subsequent modification, for example cleavage of
the substrate (as illustrated) or for example ligation
of substrates. As such, an active apta-MNAzyme can
only form and cause an increase or decrease in signal,
for example, a fluorescent signal, in the presence of
a ligand that can bind the aptamer portion of the
apta-partzyme. [ 00133 ] It would be appreciated that
an aptamer sequence could be attached to, for example,
one or more of either a substrate arm and/or a sensor
arm of either or both of the partzymes. If the aptamer
were attached to a sensor arm then the binding of
theassembly facilitator could be blocked by an
assembly inhibitor oligonucleotide in the absence of a
target ligand. [ 00134 ] When the apta-MNAzyme has
cleavage activity as drawn in this figure then the
modification can cause for example an increase in
fluorescence by cleavage of a dual labelled reporter
substrate thus causing separation of a
fluorophore/quencher dye pair. [ 00135 ] It would be
appreciated that the modification performed by an
apta- MNAzyme could be a modification other than
cleavage, for example, ligation of two substrates. In
this case the signal change could be, for example, a
decrease in fluorescence following ligation of two
ligatable substrates each labelled with either the
fluorophore or the quencher of a fluorophore/quencher
dye pair. [ 00136 ] This apta-MNAzyme approach could
also be used to develop molecular switches that can
turn on and off the catalytic activity of an MNA
complex. Alternatively it can also be applied to
detection of both nucleic acid and non-nucleic acid
target ligands. [ 00137 ] Figure 8: An example of a
cleavage/ligation cascade mediated by a DNAzyme with
ligase activity and an MNAzyme with cleavage activity:
[ 00138 ] A DNAzyme with ligase activity can ligate a
first oligonucleotide (oligo 1) to a second
oligonucleotide (oligo 2) to create a third ligation
product (LP-Oligo 3) with the sequence of oligo 3 and
a 2'-5' RNA linkage at the ligation junction, provided
oligo 1 and oligo 2 have 2', 3'-cyclic phosphate and
5'-hydroxyl termini, for example, as shown. In turn,
LP-oligo 3 could be cleaved by an MNAzyme capable of
cleaving at a 2'-5' 



RNA linkage to create cleavage products (CP), CP-oligo
1 and CP-oligo 2, thus regenerating 2', 3'-cyclic
phosphate and 5'-hydroxyl products, which can
participate in further rounds of ligation. [ 00139 ]
Other DNAzymes with ligase activity may ligate a first
oligonucleotide (oligo 1) to a second oligonucleotide
(oligo 2) to create a third ligation product (LP-Oligo
3) with the sequence of oligo 3 and a 3'-5' RNA
linkage at the ligation junction, provided oligo 1 and
oligo 2 have 2',3'-diol and 5'-triphosphate termini,
for example. In turn, LPoligo 3 can be cleaved by an
MNAzyme capable of cleaving at a 3'-5' RNA linkage
to00492 35 create cleavage products (CP), CP-oligo 1
and CP-oligo 2 producing products with a 2', 3'-cyclic
phosphate and 5'-hydroxyl. [ 00140 ] Figure 9 : An
example of a cascade reaction which uses two types of
nucleic acid enzymes namely MNAzymes, which can cleave
substrates, and DNAzyme ligases which can ligate
substrates. In step (i) the MNAzyme A forms only in
the presence of an assembly facilitator (e.g. a target
nucleic acid) and then cleaves MNAzyme substrate A
releasing a 5' product A with a 2', 3' cyclic
phosphate terminus. In step (ii) the DNAzyme B with
ligase activity ligates the 5' product A from step (i)
to a 3' ligation substrate B thus creating a ligation
product which can serve as a partzyme component of
another MNAzyme C. In step (iii) the partzyme/ligation
product of step (ii) assembles with a second partzyme
and an assembly facilitator C to form MNAzyme C which
can cleave substrate C into two products, 5' product C
and 3' product C. [ 00141 ] In step (i) an assembly
facilitator, for example a target nucleic acid, can
direct the formation of a first MNAzyme A. MNAzyme A
can cleave a substrate A thus generating a 5'cleavage
product A which can in turn be used as a substrate for
a DNAzyme ligase B. In step (ii) a DNAzyme ligase B
can ligate the 5' cleavage product A (also referred to
as 5' substrate B) generated in step (i) to another
oligonucleotide, 3' ligation substrate B, thus
creating a new partzyme for an MNAzyme C. In step
(iii) the new partzyme/ligation product generated in
step (ii), together with another partzyme, can form a
new MNAzyme C in the presence of assembly facilitator
C which can cleave a substrate C into two products,
5'product C and 3' product C. A detectable signal can
be generated following cleavage of substrate C if this
substrate were labelled, for example, with a
fluorophore and quencher dye pair. [ 00142 ] Further,
if the sequence of 5' product C were the same as 5'
product A then this product can also serve as a 5'
substrate B and a feedback amplification cascade
reaction could be initiated. In this reaction MNAzyme
C could constantly generate 5' substrate B which in
turn could be ligated by DNAzyme ligase B to create
more partzymes for formation of more MNAzyme C. This
strategy provides a feedback cascade or mechanism for
signal amplification following initiation of a
reaction by a target analyte which allows assembly of
MNAzyme A. The cascade strategy allowsdetection of
target analytes followed by signal amplification using
a DNAzyme which can ligate substrates and MNAzymes
which can cleave a substrate. [ 00143 ] Figure 10:
Example of a structure of an MNAzyme with ligase
activity (an MNAzyme ligase). The exemplary MNAzyme
ligase is comprised of partzyme sequences which
contain three domains including a (i) a sensor arm
which hybridizes to an assembly facilitator (e.g. a
target nucleic acid), (ii) a domain that constitutes
part of a catalytic core and (iii) a substrate binding
arm (Figure 10A). In the presence of assembly
facilitator, for example a target nucleic acid,
partzymes assemble and form active MNAzyme ligases.
These MNAzymes can ligate a 5' substrate with a 2'3'
cyclic phosphate and a 3' substrate with 5' hydroxyl
(Figure 10B) to create ligation products that contain
non-native 2'-5' linkages. [ 00144 ] Alternatively,
MNAzymes could ligate two substrates with a 2'3' diol
terminus on the 5' substrate with a 5'-triphosphate
terminus on the 3' substrate to create ligation
products that contain native 3'-5' linkage. [ 00145 ]
Figure 11: An exemplary strategy for reactions that
use MNAzymes with ligase activity and MNAzymes with
cleavage activity. [ 00146 ] An MNAzyme with ligase
activity could ligate a first oligonucleotide (A) to a
second oligonucleotide (B) to create a third ligation
product (C) with a 2'-5' RNA linkage at the ligation
junction, provided A and B have 2', 3'-cyclic
phosphate and 5'- hydroxyl termini. In turn, product C
could be cleaved by an MNAzyme capable of cleaving at
a 2'-5' RNA linkage to create cleavage products A and
B, thus regenerating 2', 3'-cyclic phosphate and
5'-hydroxyl products, which can participate in further
rounds of ligation. [ 00147 ] Other MNAzymes with
ligase activity could ligate a first oligonucleotide
(A) to a second oligonucleotide (B) to create a third
ligation product (C) with a 3'-5' RNA linkage at the
ligation junction, provided A and B have 2', 3'-diol
and 5'-triphosphate termini. In turn, product C could
be cleaved by an MNAzyme capable of cleaving at a
3'-5' RNA linkage to create cleavage products A and B,
producing products with 2', 3'- cyclic phosphate and
5'-hydroxyl termini.[ 00148 ] Figure 12. A strategy
for signal detection which uses MNAzymes which cleave
and MNAzymes which ligate. In step (i) an assembly
facilitator, for example a target nucleic acid, can
direct the formation of a first MNAzyme A. MNAzyme A
can cleave a substrate A thus generating a 5' cleavage
product A which can in turn be used as a substrate for
an MNAzyme B which has ligase activity. In step (ii)
an MNAzyme ligase B can ligate the 5' cleavage product
A (also called the 5' substrate B) generated in step
(i) to another oligonucleotide, 3' substrate B, thus
creating a new partzyme for an MNAzyme C. In step
(iii) the new partzyme/ligation product generated in
step (ii), together with another partzyme, can form a
new MNAzyme C in the presence of assembly facilitator
C which can cleave a substrate C into two products, 5'
product C and 3' product C. A detectable signal can be
generated following cleavage of substrate C if this
substrate were labelled, for example, with a
fluorophore and quencher dye pair. The strategy allows
detection of target analytes using two types of
MNAzymes, namely MNAzymes which can ligate substrates
(MNAzyme ligases) and MNAzymes which can cleave a
substrate (MNAzyme cleavers). [ 00149 ] Further if the
sequence of 5' product C were the same as 5' product A
then this product could also serve as a 5' substrate B
and a feedback cascade reaction could be initiated. In
this reaction, MNAzyme C could be constantly
generating 5' substrate B which could in turn be
ligated by MNAzyme ligase B to create more partzymes
for formation of more MNAzyme C. This strategy could
provide a mechanism for feedback signal amplification
following initiation of a reaction by a target analyte
which allows assembly of MNAzyme A. [ 00150 ] Figure
13: Depiction of an exemplary strategy for switching
an MNA complex between the "on state" of an active
MNAzyme to the "off state" of an MNAi complex using a
second MNAzyme with ligase activity. An active MNAzyme
A, which could be capable of modifying (e.g. cleaving
or ligating) a substrate(s) A could be formed in the
presence of assembly facilitator component 1 (AFC 1)
and assembly facilitator component 2 (AFC 2). A second
MNAzyme B, which has ligase activity, could form in
the presence of assembly facilitator 3 (AF3) and then
could ligate AFC 2 with an activity inhibitor
component (AIC) resulting in the formation of an
activity inhibitor (AI). This AI could bind to the
partzyme components for the MNAzyme A resulting in
theformation of an inactive MNAi complex. As such the
MNAzyme ligase in this example can operate as an off
switch to inactivate an MNAzyme A. The inactive MNAi
complex and the catalytically active MNAzyme represent
two alternate states for the assembled components,
namely an "off state and the "on" state respectively.
[ 00151 ] Figure 14: Depiction of a general method for
engineering MNAzymes from uni-molecular DNAzymes. [
00152 ] Many DNAzymes have similar basic structures
with multiple domains. These DNAzymes have a conserved
catalytic domain (catalytic core) flanked by two
nonconserved substrate-binding domains ("substrate
arms"), which specifically recognize and hybridise to
the substrate (top left hand side structure). The
substrate binding domains can be tailored to any
substrate provided the substrate contains a site which
can be modified by the DNAzyme. [ 00153 ] In the first
step, positions are identified within the DNAzyme
catalytic core at which it can be split, such that
each partial portion of the catalytic core can be
distributed between two partial sequences such that
the two partial cores together constitute an entire
catalytic core (top right hand side structure). Two
oligonucleotides A and B (candidate partzymes) can
then be synthesised (bottom left hand side structure).
An oligonucleotide A can be synthesised to contain (i)
one substrate binding arm portion capable of binding
to a substrate, (ii) one partial catalytic core
portion, and (iii) one sensor arm portion capable of
binding to an assembly facilitator molecule. A second
oligonucleotide B can be synthesised such that it
contains (i) one substrate binding arm capable of
binding to 



the same substrate as oligonucleotide A, whereby
oligonucleotide B binds the substrate in a position
adjacent to that of oligonucleotide A, (ii) one
partial catalytic core portion which contains those
bases from the entire DNAzyme catalytic core which are
not incorporated into oligonucleotide A and (iii) one
sensor arm sequence capable of binding to the same
assembly facilitator as oligonucleotide A, whereby
oligonucleotide B binds the assembly facilitator in a
position adjacent to that of oligonucleotide A (bottom
left hand side structure). [ 00154 ] This process can
be repeated thus making a series of pairs of
oligonucleotides A and B which incorporate the
structure and domains of partzymes, but may or may
nothave catalytic activity in the presence of a
substrate and an assembly facilitator. It would be
appreciated by one skilled in the art that a similar
process can be undertaken for a nucleic acid enzyme
which can act on at least two substrates. Candidate
partzyme pairs (pairs of oligonucleotides A and B from
the series) can be mixed with substrate(s) matching
the substrate arms plus assembly facilitator(s)
matching the sensor arms (bottom right hand side
structure) and then assayed for the presence of the
same type of modifying activity as exhibited by the
DNAzyme (top left hand side). Pairs of
oligonucleotides A and B which can catalyse the same
type of modification of the DNAzyme are useful for the
assembly of active MNAzymes. [ 00155 ] Figure 15: A
cascade reaction using nucleic acid enzymes which
cleave substrates, and enzymes which ligate substrates
to form a new assembly facilitator. In this
illustration the 5' end of the oligonucleotides are
indicated by a circle. In step (1) the MNAzyme cleaver
assembles in the presence of an assembly facilitator
(e.g. a target nucleic acid) and then cleaves MNAzyme
substrate 1 releasing a 5' cleavage product with a 2',
3' cyclic phosphate terminus. In step (2) the DNAzyme
ligase (or MNAzyme ligase) ligates the 5' cleavage
product from step (1) to a 3' ligation substrate thus
creating a ligation product which can serve as an
assembly facilitator for another MNAzyme cleaver 2. In
step (3) the assembly facilitator formed by ligation
in step (2) directs the assembly of partzymes which
form MNAzyme cleaver 2 which cleaves substrate 2 into
two products, a 5' cleavage product with a 2', 3'
cyclic phosphate terminus and a 3' cleavage product. A
detectable signal can be generated following cleavage
of substrate 2 when this substrate is labelled, for
example, with a fluorophore and quencher dye pair. The
strategy allows detection of target analytes using
multiple types of nucleic acid enzymes, namely enzymes
which can ligate substrates and enzymes which can
cleave a substrate. [ 00156 ] Further if the sequence
of the 5' product of MNAzyme cleaver 2 were the same
as the 5' product of MNAzyme cleaver 1 then this
product could also serve as a substrate for the ligase
and a feedback cascade reaction could be initiated. In
this reaction, MNAzyme cleaver 2 could be constantly
generating 5' substrate for the ligase which could in
turn be ligated by the ligase to create more assembly
facilitators for formation of more MNAzyme cleaver 2.
This strategy could provide a mechanism forfeedback
signal amplification following initiation of a
reaction by an assembly facilitator such as a target
nucleic acid which allows assembly of MNAzyme cleaver
1. [ 00157 ] Figure 16: A possible schema for a
feedback cascade reaction which uses two types of
nucleic acid enzymes namely enzymes which can cleave
substrates, and enzymes which can ligate substrates.
In this illustration the 5' end of oligonucleotides
are indicated by a circle. In step (1) the MNAzyme
cleaver 1 could assemble only in the presence of an
assembly facilitator (e.g. a target nucleic acid) and
could then cleave MNAzyme substrate 1 releasing a 5'
cleavage product with a 2', 3' cyclic phosphate
terminus and a 3' waste product. In step (2) the
DNAzyme ligase (or MNAzyme ligase) could ligate the 5'
cleavage product from step (1) to a 3' ligation
substrate thus creating a ligation product which could
serve as an assembly facilitator for an MNAzyme
cleaver 2. In step (3) the assembly facilitator formed
by ligation in step (2) could direct the assembly of
partzymes to form MNAzyme cleaver 2 which could cleave
substrate 2 into two products, a 5' cleavage product
with a 2', 3' cyclic phosphate terminus and 3'
cleavage product. A detectable signal could be
generated following cleavage of substrate 2 if this
substrate were labelled, for example, with a
fluorophore and quencher dye pair. [ 00158 ] Further,
if the sequence of either of the cleavage products of
MNAzyme cleaver 2 was useful as an assembly
facilitator component for an MNAzyme cleaver 3 then
this could initiate a feedback cascade. In this case
MNAzyme cleaver 3 could have different sensor arms
than MNAzyme cleaver 1 but could have the same
substrate arms as MNAzyme cleaver 1. Thus if MNAzyme
cleaver 3 were assembled in the presence of an
assembly facilitator component generated by cleavage
by the MNAzyme cleaver 2, and if MNAzyme cleaver 3
cleaved substrate 1 then the 5' cleavage product of
MNAzyme cleaver 3 could also serve as a 5' substrate
for the DNAzyme ligase (or the assembled MNAzyme
ligase) and a feedback amplification cascade reaction
could be initiated. [ 00159 ] In this feedback cascade
reaction MNAzyme cleaver 3 could constantly generate
5' cleavage product which in turn could serve as a
substrate for ligation by the DNAzyme ligase (or the
assembled MNAzyme ligase) to create more assembly
facilitators that could direct the assembly of more
MNAzyme cleaver 2. This strategycould provide a
mechanism for feedback signal amplification following
initiation of a reaction by an assembly facilitator
(eg a target analyte) which allowed assembly of
MNAzyme cleaver 1. The strategy could allow detection
of one or more assembly facilitators (eg target
analytes) followed by signal amplification using a
DNAzyme or an MNAzyme which can ligate substrates and
MNAzymes which can cleave a substrate. DEFINITIONS [
00160 ] Certain terms are used herein which shall have
the meanings set forth as follows. [ 00161 ] The term
"comprising" means "including principally, but not
necessarily solely". Furthermore, variations of the
word "comprising", such as "comprise" and "comprises",
have correspondingly varied meanings. [ 00162 ] The
terms "polynucleotide", "nucleic acid" and
"oligonucleotide" may be used interchangeably and
refer to a single- or double-stranded polymer of
deoxyribonucleotide or ribonucleotide bases, or
analogues, derivatives, variants, fragments or
combinations thereof, including but not limited to
DNA, methylated DNA, alkylated DNA, RNA, methylated
RNA, microRNA, siRNA, shRNA, mRNA, tRNA, snoRNA,
stRNA, smRNA, pre- and pri-microRNA, other non-coding
RNAs, ribosomal RNA, derivatives thereof, amplicons
thereof or any combination thereof. By way of
nonlimiting example, the source of a nucleic acid may
be selected from the group comprising synthetic,
mammalian, human, animal, plant, fungal, bacterial,
viral, archael sources or any combination thereof. [
00163 ] The term "oligonucleotide" typically denotes a
segment of DNA or a DNAcontaining nucleic acid
molecule, or RNA or RNA-containing molecule, or a
combination thereof. Examples of oligonucleotides
include nucleic acid targets; substrates, for example,
those which can be modified by a DNAzyme or an MNAzyme
with cleavage, ligase or other enzymatic activity;
primers such as those used for in vitro target
amplification by methods such as PCR; and components
of nucleic acid complexes including but not limited to
assembly facilitators and assembly inhibitors,
activators, activity inhibitors and/or substrates,
which in certain embodiments, may
compriseoligonucleotides as defined herein. Partzymes
as used herein may also comprise oligonucleotides. [
00164 ] A "displacer" or "displacer oligonucleotide"
is an oligonucleotide which can bind to a single
stranded region within a first oligonucleotide which
comprises at least one region which is single stranded
and at least one region which is double stranded by
virtue of complementarities of at least one additional
oligonucleotide; wherein the displacer oligonucleotide
can cause dissociation of the additional
oligonucleotide(s) from the first oligonucleotide
within at least one double stranded region(s) by a
process of branch migration. During branch migration
the region(s) of complementarity between the
additional oligonucleotide(s) and the first
oligonucleotide are separated and replaced by at least
one region of complementarity between the displacer
oligonucleotide and the first oligonucleotide thus
resulting in displacement of the additional
oligonucleotide(s). The displacer oligonucleotide is
required to comprise at least one region which has the
same sequence as one or more regions of the additional
oligonucleotide(s) within the double stranded region.
The process of branch migration may result in a new
double stranded region being formed between the
displacer oligonucleotide and the first
oligonucleotide and concomitant release of the
additional oligonucleotide(s) which renders it single
stranded. [ 00165 ] The terms "polynucleotide",
"nucleic acid" and "oligonucleotide" include reference
to any specified sequence as well as to the sequence
complementary thereto, unless otherwise indicated.
Oligonucleotides may comprise at least one addition or
substitution, including but not limited to the group
comprising LNA phosphoramidite, 4- 



acetylcytidine, 5-(carboxyhydroxylmethyl)uridine,
2'-O-methylcytidine, 5- carboxymethylaminomethyl
thiouridine, dihydrouridine, 2'-O-methylpseudouridine,
beta D-galactosylqueosine, 2'-O-methylguanosine,
inosine, N6-isopentenyladenosine, 1- methyladenosine,
1-methylpseudouridine, 1-methylguanosine,
1-methylinosine, 2,2- dimethylguanosine,
2-methyladenosine, 2-methylguanosine,
3-methylcytidine, 5- methylcytidine,
N6-methyladenosine, 7-methylguanosine,
5-methylaminomethyluridine,
5-methoxyaminomethyl-2-thiouridine, beta
D-mannosylmethyluridine, 5-
methoxycarbonylmethyluridine, 5-methoxyuridine,
2-methylthio-N6- isopentenyladenosine,
N-((9-beta-ribofuranosyl-2-methylthiopurine-6-yl)carba
moyl)threonine,
N-((9-beta-ribofuranosylpurine-6-yl)N-methylcarbamoyl)
threonine, uridine-5-oxyacetic acid methylester,
uridine-5-oxyacetic acid (v), wybutoxosine,
pseudouridine, queosine, 2-thiocytidine,
5-methyl-2-thiouridine, 2- thiouridine, 4-thiouridine,
5-methyluridine, N-((9-beta-D-ribofuranosylpurine-6-
yl)carbamoyl)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. [ 00166 ]
The term "derivative" when used in relation to a
nucleic acid or nucleotide of the present invention
includes any functionally equivalent nucleic acids or
nucleotides, including any fusion molecules produced
integrally (e.g., by recombinant means) or added
post-synthesis (e.g., by chemical means). Such fusions
may comprise oligonucleotides of the invention with
RNA or DNA added thereto or conjugated to a
polypeptide (e.g., puromycin or other polypeptide), a
small molecule (e.g., psoralen) or an antibody. [
00167 ] The term "analogue" when used in relation to a
nucleic acid or nucleotide includes a compound having
a physical structure that is related to a DNA or RNA
molecule or residue, and may be capable of forming a
hydrogen bond with a DNA or RNA residue or an analogue
thereof (i.e., it is able to anneal with a DNA or RNA
residue or an analogue thereof to form a base-pair),
but such bonding is not so required for said compound
to be encompassed within the term "analogue". Such
analogues may possess different chemical and
biological properties to the ribonucleotide or
deoxyribonucleotide residue to which they are
structurally related. Methylated, iodinated,
brominated or biotinylated residues are examples of
analogues. Active DNAzymes have been described which
contain nucleotide analogues, including deoxyinosine,
C-5-immidazole deoxyuridine,
3-(aminopropynyl)-7-deaza-dATP, 2'-O-methyl RNA, 2'
O-methyl cap (Warashina et al., 1999; Cairns et al.,
2003; Schubert et al., 2004; Sidorov et al., 2004).
Other analogues could also be compatible with
catalytic activity of DNAzymes and MNAzymes.
Alteration of a nucleic acid with catalytic activity,
for example by substitution of one base for another,
by substitution of an analogue for a base, or
alteration of the sugar component or phosphodiester
backbone, can be straight forward for the skilled
artisan. For example, alterations can be made during
synthesis, or bymodification of specific bases after
synthesis. Empirical testing of catalytic nucleic
acids incorporating alterations such as base changes
or base analogues allows for assessment of the impact
of the altered sequences, or specific analogues, on
catalytic activity. Analogues of the bases A, C, G, T
and U are known in the art, and a subset is listed in
Table 1. Table 1: Examples of nucleotide analogues
useful herein[ 00168 ] The terms "nucleic acid
enzyme", "catalytic nucleic acid", "nucleic acid with
catalytic activity", and "catalytic nucleic acid
enzyme" are used herein interchangeably and shall mean
a DNA or DNA-containing molecule or complex or an RNA
or RNAcontaining molecule or complex or a combination
thereof, being a DNA-RNA hybrid molecule or complex,
which may recognize at least one substrate and
catalyse a modification (such as ligation or cleavage)
of the at least one substrate. The nucleotide residues
in the catalytic nucleic acids may include the bases
A, C, G, T, and U, as well as derivatives and
analogues thereof. The terms above include
uni-molecular nucleic acid enzymes which may comprise
a single DNA or DNA-containing molecule (also known in
the art as a "DNA enzyme", "deoxyribozyme" or
"DNAzyme") or an RNA or RNAcontaining molecule (also
known in the art as a "RNA enzyme" or "ribozyme") or
acombination thereof, being a DNA-RNA hybrid molecule
which may recognize at least one substrate and
catalyse a modification (such as ligation or cleavage)
of the at least one substrate. The terms above include
nucleic acid enzymes which comprise a DNA or
DNA-containing complex or an RNA or RNA-containing
complex or a combination thereof, being a DNA-RNA
hybrid complex which may recognize at least one
substrate and catalyse a modification (such as
ligation or cleavage) of the at least one substrate.
The terms "nucleic acid enzyme", "catalytic nucleic
acid", "nucleic acid with catalytic activity", and
"catalytic nucleic acid enzyme" include within their
meaning MNAzymes. [ 00169 ] The term "MNAzyme" or
"multi-component nucleic acid enzyme" as used herein,
refers to two or more oligonucleotide sequences (e.g.
partzymes) which, only in the presence of an MNAzyme
assembly facilitator (for example, a target), form an
active nucleic acid enzyme that is capable of
catalytically modifying a substrate. MNAzymes can
catalyse a range of reactions including cleavage of a
substrate, ligation of substrates and other enzymatic
modifications of a substrate or substrates. An
exemplary MNAzyme comprising partzyme A and partzyme B
which has cleavage activity is depicted in Figure 1.
MNAzymes with endonuclease or cleavage activity are
also known as "MNAzyme cleavers".. With reference to
Figure 1, partzymes A and B each bind to an assembly
facilitator (e.g. through Watson-Crick base pairing).
The MNAzyme only forms when the sensor arms of
partzymes A and B hybridize adjacent to each other on
the assembly facilitator. The substrate arms of the
MNAzyme engage the substrate, the modification (e.g.
cleavage) of which is catalyzed by the catalytic core
of the MNAzyme, formed by the interaction of the
catalytic domains of partzymes A and B. Cleavage of a
DNA/RNA chimeric reporter substrate is exemplified in
the drawing. The MNAzyme cleaves the substrate between
a fluorophore and a quencher dye pair, thus generating
signal. The terms "multi-component nucleic acid
enzyme" and "MNAzyme" are used herein interchangeably
and comprise bipartite structures, composed of two
molecules, or tripartite structures, composed of three
nucleic acid molecules, or other multipartite
structures, for example those formed by four or more
nucleic acid molecules. The term "MNAzyme complex"
refers to a complex formed by an assembled MNAzyme
with at least one of its substrates. The MNAzyme or
MNAzyme complex may comprise anaptamer and be referred
to as an apta-MNAzyme or apta-MNAzyme complex,
respectively. [ 00170 ] The term "MNAzyme ligase" as
used herein, refer to MNAzymes with ligase activity
that comprise two or more oligonucleotide sequences
(e.g. partzymes) which, only in the presence of an
MNAzyme assembly facilitator which may also be
referred to herein as a ligase assembly facilitator or
assembly facilitator (for example, a target), form an
active nucleic acid enzyme that is capable of ligating
two substrates. An exemplary MNAzyme with ligase
activity is illustrated in Figure 10. The MNAzyme
ligase ligates the two substrates. The term "MNAzyme
ligase" as used herein comprises bipartite structures,
composed of two molecules, or tripartite structures,
composed of three nucleic acid molecules, or other
multipartite structures, for example those formed by
four or more nucleic acid molecules. [ 00171 ] The
term "ligate" as used herein means to join two or more
molecules. For example, a "ligase" is an enzyme that
catalyses the formation (ligation) of a bond between
two or more substrate molecules to make a new
molecule. The term "ligation" or "ligase activity"
refer to the joining of two or more substrate
molecules. [ 00172 ] As used herein, the terms
"partzyme", "component partzyme" "partzyme component"
and "component oligonucleotide" refer to a
DNA-containing or RNAcontaining or DNA-RNA-containing
oligonucleotide, two or more of which, only in the
presence of an MNAzyme assembly facilitator as herein
defined, can together form an "MNAzyme." In certain
preferred embodiments, one or more component
partzymes, and preferably at least two, may comprise
three regions or domains: a "catalytic" domain, which
forms part of the catalytic core that catalyzes a
modification; a "sensor arm" domain, which may
associate with and/or bind to an assembly facilitator;
and a "substrate arm" domain, which may associate with
and/or bind to a substrate. Illustrations of these
regions or domains are shown in Figure 1 and Figure
10. Partzymes may comprise at least one additional
component including but not limited to an aptamer,
referred to herein as an "apta-partzyme." [ 00173 ] An
example of an MNAzyme which is composed of more than
two molecules is illustrated in Figure 2 (ii). A
partzyme may comprise multiple components,
includingbut not limited to, a partzyme component with
a truncated sensor arm and a stabilizing arm component
which stabilises the MNAzyme structure by interacting
with either an assembly facilitator (as depicted in
Figure 2 (H)) or with a substrate. [ 00174 ] The term
"nucleic acid complex" refers to catalytically active
or inactive complexes which comprise two or more
components selected from the group comprising but not
limited to, DNAzymes, partzymes, assembly
facilitators, substrates, and other 



IViNA components including stabiliser arms, activity
inhibitors, assembly inhibitors, and components or
parts thereof. [ 00175 ] As used herein the term
"nucleic acid complex" includes multicomponent nucleic
acid complexes (MNA complexes). Additionally, the term
"nucleic acid complex" includes uni-molecular nucleic
acid enzymes complexed with at least one substrate,
for example, a DNAzyme with cleavage activity bound to
a substrate or a DNAzyme ligase bound to at least one
of its two required substrates. The term "nucleic acid
enzyme complex" refers to a DNAzyme complex or an
MNAzyme complex. The term "DNAzyme complex" includes
DNAzymes with at least one substrate, for example, a
DNAzyme with cleavage activity bound to a substrate or
a DNAzyme ligase bound to at least one of its two
required substrates. [ 00176 ] The terms
"multi-component nucleic acid complex" or "MNA
complex" refer to complexes which comprise two or more
components selected from the group comprising but not
limited to, partzymes, assembly facilitators,
substrates, and othercomponents including stabiliser
arms, activity inhibitors, assembly inhibitors, and
components or parts thereof. In some embodiments the
MNA complex comprises an active MNAzyme. In other
embodiments the MNA complex is an inactive complex
such as an MNAi complex which may also be referred to
herein as a multi-component nucleic acid inhibitor
(MNAi) complex or MNAi complex. In yet other
embodiments the MNA complex is an inactive MNA complex
which may lack one or more of the components required
for assembly and/or catalysis by an MNAzyme including,
but not limited to the assembly facilitator, and the
partzymes, or components thereof. In yet another
embodiment the MNA complex comprises components for an
apta-MNAzyme in the presence or absence of an assembly
inhibitor.[ 00177 ] References to "forming a nucleic
acid complex capable of functioning as a nucleic acid
enzyme" as used herein refer to providing a component
necessary for formation of a nucleic acid enzyme
complexed with its substrate(s) such that the enzyme
can modify the substrate(s). "Permitting formation of
a nucleic acid complex which functions as a nucleic
acid enzyme" and "allowing a nucleic acid complex to
function as a nucleic acid enzyme" as used herein
refers to the process that occurs when a component
allows formation of a nucleic acid enzyme complexed
with its substrate(s) such that the enzyme can modify
the substrate(s). [ 00178 ] The term "modulator" as
used herein is an entity which can increase or
decrease the catalytic activity of an MNA complex.
Modulators may be "activators", which activate or
switch on the activity of an MNAzyme. In some
embodiments modulators are "inhibitors" which can
switch off or inhibit the activity of the MNAzyme or
MNAzyme complex, including but not limited to,
"assembly inhibitors" or "activity inhibitors". [
00179 ] The terms "assembly facilitator molecule",
"assembly facilitator", "MNAzyme assembly facilitator
molecule", "facilitator" and "MNAzyme assembly
facilitator" as used herein refer to entities that can
facilitate the self-assembly of component partzymes to
form a catalytically active MNAzyme by interaction
with the sensor arms of the MNAzyme. As used herein,
assembly facilitators may facilitate the assembly of
MNAzymes which have cleavage, ligase or other
enzymatic activities. The term "ligase assembly
facilitator" refers to an assembly facilitator that
facilitates the assembly of an MNAzyme with ligase
activity. An assembly facilitator for MNAzymes with
ligase activity may also be referred to by any of the
other terms above. In preferred embodiments an
assembly facilitator is required for the self-assembly
of an MNAzyme. An assembly facilitator may be
comprised of one molecule, or may be comprised of two
or more "assembly facilitator components" that may
pair with, or bind to, the sensor arms of one or more
oligonucleotide "partzymes". Assembly facilitator
portions may be contained within other components, for
example within an activity inhibitor molecule, where
they are present in a state whereby they can not
contribute to active MNAzyme assembly until liberated
from the component by, for example, cleavage.
Assemblyfacilitators may be comprised of one (e.g.
Figure 1, Figure 2(ii)) or more molecules (e.g. Figure
2(i), Figure 4-6). [ 00180 ] The assembly facilitator
may be a target. The target may be a nucleic acid
selected from the group consisting of DNA, methylated
DNA, alkylated DNA, RNA, methylated RNA, microRNA,
siRNA, shRNA, tRNA, mRNA, snoRNA, stRNA, smRNA, pre-
and pri-microRNA, other non-coding RNAs, ribosomal
RNA, derivatives thereof, amplicons, or any
combination thereof. The nucleic acid may be
amplified. The amplification may comprise one or more
of: polymerase chain reaction (PCR), strand
displacement amplification, loop-mediated isothermal
amplification, rolling circle amplification,
transcription-mediated amplification, self-sustained
sequence replication, ligase chain reaction, nucleic
acid sequence based amplification, or reverse
transcription polymerase chain reaction (RT-PCR). [
00181 ] An "activator" as used herein is any MNA
structural or modulator oligonucleotide component, any
"ligand", "target", or "event" that results in
activation of MNAzymes. Activator oligonucleotides
include, but are not limited to, an assembly
facilitator or assembly facilitator component; a
displacer oligonucleotide; a partzyme or component
thereof, for example those with truncations of the
sensor or substrate arm, and partzyme stabiliser arm
components. [ 00182 ] In other embodiments activators
may activate MNAzymes by removing oligonucleotides
that exert an inhibitory effect. Examples of
oligonucleotides which can activate through such a
mechanism include modulator oligonucleotides which can
displace (remove) inhibitory components, or parts
thereof, including but not limited to, an "activity
inhibitor" or an "assembly inhibitor". [ 00183 ] The
term "target" as used herein includes any natural or
synthetic entity, constituent or analyte which is
sought to be detected, identified or quantitated by a
method which uses a particular nucleic acid enzyme
such as an MNAzyme(s), with or without an additional
amplification step and/or cascade. Targets therefore
encompass the broadest range of detectable entities,
constituents or analytes for which methods of
sensitive detection, identification and/or
quantification are desirable. Some exemplary targets
include, but are not limited to, nucleic acid,
protein, polypeptide, peptide,glycoproteins, lipids,
lipoproteins, entire organisms, cells, viruses,
bacteria, archaea, yeast, fungi, antibodies,
metabolites, pathogens, toxins, contaminants, poisons,
small molecules, polymers, metal ions, metal salts,
prions or any derivatives, portions or combinations
thereof. Other targets are also contemplated for use
herein. It will be understood that the target may also
be an assembly facilitator or activator. [ 00184 ] As
used herein the term "detectable event" includes a
change in the microenvironment of an MNAzyme or
MNAzyme complex and/or inactive MNA complex, for
example, an MNAi complex or a complex comprising
components for an apta-MNAzyme in the presence of an
assembly inhibitor. The change may be, for example,
physical manipulation, a change in temperature, a
change in pH, salt concentration, electric charge,
magnetic charge, a change in the concentration of one
or more analytes, anions, cations, chelators, or a
change in concentration of MNA or modulator
components, or any combination thereof. It will also
be understood that reference to a "change in the
concentration of includes an increase or a decrease in
concentration and also includes the appearance of an
entity, including any component(s) for one or more MNA
complexes, for example an assembly facilitator or
assembly facilitator component, that was previously
absent or at undetectable concentration in the
microenvironment of the MNA complex, including one or
more component(s) for one or more MNA complexes
including MNAzymes and apta-MNAzymes, MNAzyme
complexes and apta-MNAzyme complexes and/or inactive
MNA complexes. [ 00185 ] Entities which represent
detectable events may also be used as "activators" or
"inhibitors" of the catalytic activity of MNAzymes
since changes in the microenvironment can be used to
manipulate catalytic activity of MNA complexes. As
such, these entities allow the catalytic activity of
MNAzymes to be switched "on" or "off, for example by
promoting transition from an inactive MNA complex to
an active MNAzyme, or vice versa. In some embodiments
the event or entity promotes assembly and activation
of MNAzymes. In some embodiments the event or entity
promotes disassembly and inactivation of MNAzymes. In
other embodiments the event or entity may direct the
assembly or disassembly of inactive MNA complexes. In
preferred embodiments the process of activation and
inactivation of MNAzyme catalytic activity is
reversible.[ 00186 ] Alternatively, multi-component
nucleic acid complexes may be inactive due to the
composition of the microenvironment, which may promote
either disassembly of MNA complex components or
assembly of only a subset of those molecules required
for formation of catalytically active MNAzymes. In
some embodiments the activator assembly facilitator
component is the product of a reaction occurring in
the microenvironment of the inactive MNA complex
and/or MNAzyme. 



[ 00187 ] A "detectable effect" or "output" signal is
an effect that can be detected or quantified as an
indication that modification of a substrate(s) has
occurred. The magnitude of the effect may be
indicative of the quantity of an input such as an
assembly facilitator (e.g. a target). The detectable
effect may be detected by a variety of methods,
including fluorescence spectroscopy, surface plasmon
resonance, mass spectroscopy, NMR, electron spin
resonance, polarization fluorescence spectroscopy,
circular dichroism, immunoassay, chromatography,
radiometry, photometry, scintigraphy, electronic
methods, UV, visible light or infra red spectroscopy,
enzymatic methods or any combination thereof. [ 00188
] An "activator" assembly facilitator or assembly
facilitator portion is a molecule which can be used to
control the assembly of active MNAzymes or facilitate
the transition from inactive multi-component nucleic
acid complexes to active MNAzymes. The said
multi-component nucleic acid complexes may be
catalytically inactive due to the presence of an
activity inhibitor, such as in MNAi complexes. [ 00189
] The term "activity inhibitor" refers to any entity
that can bind to one or more components of an MNA
complex and direct assembly of catalytically inactive
"MNAi" complex (e.g. Figures 4, Figure 5(iii), Figure
13). The inhibition of catalytic activity by the
activity inhibitor is mediated by an "activity
inhibitor portion", also called an "activity inhibitor
component" or an "activity inhibitor domain" which is
substantially non-complementary to the partzymes. In
preferred embodiments, an activity inhibitor may
comprise several distinct functional domains, for
example, including but not limited to, functional
domains in any combination selected from an activity
inhibitor domain, an assembly facilitator domain, a
substrate domain, and/or a reporter domain. Such
distinct functional domains may or may not coincide
with several distinct structural domains inan activity
inhibitor. Accordingly, in some embodiments, an
activity inhibitor may comprise an activity inhibitor
domain which is substantially non-complementary to the
partzyme components and which exerts an inhibitory
effect by disrupting the secondary structure required
for formation of a catalytically active MNAzyme. The
presence of an activity inhibitor drives the assembly
of inactive MNAi complexes that are capable of
interacting with, but not catalytically modifying, a
substrate. In some embodiments, an activity inhibitor
may comprise an assembly facilitator domain. [ 00190 ]
In some embodiments, the activity inhibitor may
further include a labile or cleavable linker or
substrate, which may be located between two or more
domains within the activity inhibitor, for example an
activity inhibitor domain and an activator assembly
facilitator domain. Cleavage at the substrate or
linker site may allow separation of an activity
inhibitor portion from an activator assembly
facilitator portion, which may then function as an
assembly facilitator component and direct the assembly
of an active MNAzyme. [ 00191 ] In some embodiments an
MNA component such as an activity inhibitor may be
conjugated to other entities. In some embodiments the
component (e.g. activity inhibitor) could be
conjugated to a gold nanoparticle coupled to a
radio-frequency magnetic field to allow remote
electronic control of hybridisation. In this approach
radiofrequency magnetic fields function as antennas
enabling reversible thermal denaturation of specific
oligonucleotides, while leaving the surrounding
molecules relatively unaffected. In some embodiments
the component (e.g. the activity inhibitor) could be
labelled with biotin to facilitate capture and
physical isolation of the component. [ 00192 ] As used
herein, an "assembly inhibitor" is a component which
inhibits the assembly of an MNAzyme or MNAzyme complex
by complementary binding to an essential component of
an active MNAzyme or MNAzyme complex, for example by
binding to a partzyme component or an assembly
facilitator or a substrate. The binding of the
assembly inhibitor sequence to at least a first
MNAzyme or MNAzyme complex component leads to
competition between the assembly inhibitor and the
said first component for binding to a second MNAzyme
or MNAzyme complex component. For example, the
assembly inhibitor may bind to either a partzyme
substrate arm (that bindsthe substrate) or a partzyme
sensor arm (that binds the assembly facilitator). When
the assembly inhibitor is complementary to (and bound
to) the substrate arm, it competes (and blocks)
binding of the substrate to the partzyme (Figure 7)
and hence blocks formation of MNAzyme complexes. When
the assembly inhibitor is complementary to (and bound
to) the sensor arm, it competes (and blocks) binding
of the assembly facilitator to the partzyme and hence
blocks formation of active MNAzymes. In this manner an
assembly inhibitor blocks the assembly of MNAzymes
and/or MNAzyme complexes. The assembly inhibitor
molecule can be used to control the assembly of
MNAzymes and MNAzyme complexes, and further allow the
development of strategies for the detection of both
non-nucleic acid and nucleic acid analytes. [ 00193 ]
The terms "substrate" and "substrate molecule" as used
herein include any molecule which is capable of being
recognized, acted upon or modified by an enzyme
including a nucleic acid enzyme. The modification of
the substrate(s) provides the "output" signal for
monitoring the activity of the MNA system. In
particular embodiments, one or more substrate(s) may
be recognized and modified by an enzyme. In other
embodiments, one or more substrate(s) may be
recognized and modified by a nucleic acid with
catalytic activity. In preferred embodiments, a
substrate or substrates may be recognized and modified
by an MNAzyme. The modification of a substrate or
substrates can be measured by the appearance of, or
increase in, a product(s) of the modification
reaction, or by the disappearance of, or decrease in,
a substrate(s) modified in the reaction(s). It will be
understood that reference to a substrate may refer to
at least one of two or more substrates when used in
the context of a reaction requiring two or more
substrates such as a ligation reaction. [ 00194 ] A
substrate or substrates may be modified by various
enzymatic activities including but not limited to
cleavage or ligation. As used herein a substrate may
include a "cleavable substrate" which is amenable to
enzymatic cleavage, or a "ligatable substrate" or
"ligase substrate" which is amenable to enzymatic
ligation. [ 00195 ] A "reporter substrate" as used
herein is a substrate (or substrates) that is
particularly adapted to facilitate measurement of
either the disappearance of a substrate or the
appearance of a product in connection with a catalyzed
reaction. Reporter substratescan be free in solution
or bound (or "tethered"), for example, to a surface,
or to another molecule. A reporter substrate can be
labelled by any of a large variety of means including,
for example, fluorophores (with or without one or more
additional components, such as quenchers), radioactive
labels, biotin (e.g. biotinylation) or
chemiluminescent labels. [ 00196 ] As used herein,
"generic substrates" are substrates, for example
reporter { substrates, that are recognized by and
acted on catalytically by a plurality of MNAzymes,
each of which can recognize a different assembly
facilitator. The use of such substrates facilitates
development of separate assays for detection,
identification or quantification of a wide variety of
assembly facilitators using structurally related
MNAzymes all of which recognize a universal generic
substrate. These generic substrates can each be
independently labelled with one or more labels. In
preferred embodiments, independently detectable labels
are used to label one or more generic substrates to
allow the creation of a convenient system for
independently or simultaneously detecting a variety of
assembly facilitators using MNAzymes. In some
embodiments, substrates cleaved by MNAzymes could be
reconstituted, and hence recycled, using an MNAzyme or
DNAzyme ligase. In some embodiments, substrate(s)
cleaved or ligated by MNAzymes can be further used as
components or modulators of additional MNAzyme(s) or
DNAzyme(s). [ 00197 ] The term "product" refers to the
new molecule or molecules that are produced as a
result of enzymatic modification of a substrate. As
used herein the term "cleavage product" refers to a
new molecule produced as a result of cleavage or
endonuclease activity by an enzyme. The term "ligation
product" refers to a new molecule produced as a result
of the ligation of substrates by an enzyme. [ 00198 ]
The term "MNAi" complex as used herein refers to an
MNA complex that is in a catalytically inactive state,
wherein catalytic activity is inhibited by an
"activity inhibitor" as herein defined. In preferred
embodiments, the MNAi complex may be catalytically
inactive due to binding of an activity inhibitor
oligonucleotide, for example, as depicted in Figure 4,
which shows an exemplary design for an MNAi complex.
An MNAi complex can be formed when partzyme A,
partzyme B, an assembly facilitatorand an activity
inhibitor associate to form an inactive complex which
can bind a substrate but not modify it. [ 00199 ] As
used herein an "aptamer" may comprise a structure that
has the ability to recognize one or more ligands. For
example, the recognition may have a high degree of
specificity due to higher level structure of the
aptamer, such as, a 3-dimensional binding domain or
pocket. Aptamers may therefore bind protein,
polypeptide, peptide or nucleic acid, glycoproteins,
lipids, lipoproteins, cells, viruses, bacteria,
archaea, fungi, antibodies, 



metabolites, pathogens, toxins, contaminants, poisons,
entire organisms, small molecules, polymers, metal
ions, metal salts, prions or any derivative, portion
or combination thereof, or any other entity. Preferred
aptamers herein may comprise short singlestranded DNA
or RNA oligomers that can be isolated from complex
libraries of synthetic nucleic acid by an iterative
process of adsorption, recovery, and reamplification.
Other preferred aptamers herein may comprise protein,
polypeptide, peptide or phylomers or a combination
thereof that has the ability to recognize one or more
ligands. Aptamers may therefore be generated against
almost any target, ranging from small molecules such
as amino acids, or antibiotics to protein and nucleic
acid structures. An aptamer may be used to build
molecular switches into MNA complexs containing
assembly inhibitors. The presence of an activator
ligand can switch the MNAzyme activity on and the
removal of an activator ligand can switch off the
activity of an MNAzyme. Further, aptamers can be used
to facilitate detection of nucleic acid and
non-nucleic acid ligands. Detection of a ligand can
further be used to trigger an amplification cascade. [
00200 ] As used herein, the term "cascade" refers to
any succession of processes or operations that occur
in successive stages, wherein the occurrence of each
stage is typically dependent on the occurrence of a
preceding stage. As used herein a cascade may be a
"linear cascade" wherein stages (or reaction steps)
occur in one direction and the occurrence of each
stage (or step) is dependent on the occurrence of a
preceding stage or step. As used herein, the term
"feedback cascade" or "feedback amplification cascade"
refers to any succession of processes or operations
that occur in successive stages, wherein the
occurrence of each stage is typically dependent on the
occurrence of a preceding stage and whereby the
occurrence of a preceding stage typically depends on
processes or operations that occur in subsequent
stages. In feedback cascades, the productof any
preceding stage could serve as a component or
substrate for any subsequent stage and the product of
any subsequent stage could serve as a component or
substrate for any preceding stage. The cascade may
involve activation of an MNAi complex via removal of
the influence of an activity inhibitor or component
thereof. [ 00201 ] A cascade may therefore include,
but is not limited to, an enzymatic cascade or any
other signal transduction cascade. In some
embodiments, a cascade may comprise amplification of a
signal resulting from catalytic activity of an
MNAzyme. In some embodiments, a cascade may comprise
amplification of a signal resulting from catalytic
activity of an MNAzyme with cleavage activity. In some
embodiments, a cascade may comprise amplification of a
signal resulting from catalytic activity of an MNAzyme
with ligase activity. In some embodiments, a cascade
may comprise amplification of a signal resulting from
catalytic activity of DNAzymes or MNAzymes with ligase
activity and DNAzymes or MNAzymes with cleavage
activity. In preferred embodiments, such an
amplification cascade may involve repeated and
therefore cyclic amplification of a signal, wherein
catalytic activity of a first nucleic acid enzyme
creates a molecule required for modification of a
substrate(s) by a second nucleic acid enzyme, which
can in turn create a molecule required for
modification of a substrate(s) by one or more
additional nucleic acid enzymes. In some embodiments,
the required molecule which is created may include but
is not limited to a partzyme, a nucleic acid enzyme,
for example a DNAzyme, an assembly facilitator, an
assembly facilitator component, a substrate, a
stabiliser arm, a component or portion thereof or a
combination thereof. In some embodiments, a cascade
may therefore involve production of a cumulative
effect, and thus detect a target of low abundance by
generating a signal to a level at which it may be
detected. In other embodiments, more than two
catalytic stages may be employed. The cascade may be
linear. In a preferred embodiment, the cascade may be
exponential. In preferred embodiments, the cascade may
be a feedback amplification cascade. [ 00202 ] The
following abbreviations are used herein and throughout
the specification: MNA: multi-component nucleic acid;
MNA complex: multi-component nucleic acid complex;
MNAzyme: multicomponent nucleic acid enzyme;MNAi:
multi-component nucleic acid inhibitor; DNAzyme:
deoxyribonucleic acid enzyme; PCR: polymerase chain
reaction; RT-PCR: reverse transcriptase polymerase
chain reaction; LNA: locked nucleic acid; PNA: peptide
nucleic acid; An: analyte or target; F : fluorophore;
Q: quencher; FAM or 6-FAM: 6-Carboxyfluorescein. BHQl
: Black Hole Quencher 1 BHQ2: Black Hole Quencher 2
shRNA: short hairpin RNA siRNA: short interfering RNA
mRNA: messenger RNA tRNA: transfer RNA snoRNA: small
nucleolar RNA stRNA: small temporal RNA smRNA: small
modulatory RNA pre-microRNA: precursor microRNA
pri-microRNA: primary microRNA GTP: guanosine
5'-triphosphate CTP: cytosine 5'-triphosphate dATP:
deoxyadenosine 5'-triphosphate ATP: adenosine
5'-triphosphate LP: ligation product CP: cleavage
product oligo: oligonucleotide DETAILED DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS [ 00203 ] It is to be
understood at the outset, that the figures and
examples provided herein are to exemplify, and not to
limit the invention and its various embodiments.[
00204 ] In accordance with the present invention,
there is provided methods that utilise multi-component
nucleic acid (MNA) complexes. The MNA complexes may be
active enzymes (MNAzymes) with modifying activity such
as ligase or cleavage activity. Further, the invention
relates to cascades which may also include one or more
DNAzymes. The invention also relates to methods which
use these cascades for the identification, detection
and quantification of assembly facilitators such as
targets. 1. MNA complexes including MNAzymes and
inactive MNA complexes [ 00205 ] The Multi-component
Nucleic Acid enzymes (also referred to herein as
"MNAzymes") and inhibitors thereof are described in
detail in co-pending US applications, serial numbers
11/544,926 filed October 6, 2006 and 11/697,021 filed
April 5, 2007 and in co-pending international
applications PCT/AU2006/001473 and PCT/AU2007/001517,
the contents of which are all incorporated herein by
reference. MNAzymes are capable of self-assembling
from two or more oligonucleotide components, also
referred to herein as partzymes. The partzyme
oligonucleotides selfassemble in the presence of an
MNAzyme assembly facilitator to form an MNAzyme.
MNAzymes are therefore catalytically active nucleic
acid enzymes. In some embodiments, the presence of an
MNAzyme can be detected, and is indicative of the
presence of a target, because the MNAzyme forms only
in the presence of the target, wherein the target
comprises the assembly facilitator. A wide variety of
assays based on the basic principles outlined above
are provided herein. Compositions comprising
oligonucleotides capable of forming MNAzymes, and
MNAzymes of various sequences are also provided
herein. In some embodiments at least one of the
oligonucleotide components, assembly facilitator,
activity inhibitor or substrate may comprise an
aptamer which is capable of binding to an activator or
target. [ 00206 ] The present invention describes new
methods, and applications for nucleic acid enzymes and
complexes. The invention provides oligonucleotide
components that can be used to form an MNAzyme with
ligase activity which can be useful in detection of
analytes, in one step formats or in nucleic acid
enzyme cascade reactions. [ 00207 ] Further MNAzymes
with ligase activity or other catalytic modifying
activities can be used to manipulate the activity of
other MNAzymes by creating new componentswhich could
direct the formation of a new active MNAzyme or
MNAzyme complex or promote assembly of an alternative
structure which lacks catalytic activity. [ 00208 ]
MNAzymes with ligase activity or other catalytic
activity can create new components for nucleic acid
enzymes or nucleic acid enzyme complexes such as new
MNAzyme or MNAzyme complex components (e.g. assembly
facilitators, partzymes, substrates, stabiliser arms)
or DNAzyme complex components (e.g. active DNAzymes or



DNAzyme substrates). [ 00209 ] Alternatively MNAzymes
can be used to direct formation of inactive MNA
complexes, including MNAi complexes. MNAi complexes
comprise oligonucleotide components, which would be
capable of being assembled into active MNAzymes under
appropriate conditions, but which when assembled with
an "activity inhibitor" result in the formation of
complexes which are catalytically inactive. Such
inactive MNA complexes are defined herein as "MNAi"
complex, and such inactivity may result from the
exertion of an inhibitory influence by an activity
inhibitor. MNAi complexes can interact with the
substrate via the substrate arms of the partzyme
components, but cannot catalytically modify the
substrate. The activity inhibitor may incorporate
additional entities to facilitate removal by physical
means which may include, but are not limited to,
entities such as attached nucleic acids,
nanoparticles, microparticles, proteins, antibodies,
RNA, DNA, nucleic acid analogues, biotin groups,
glycoproteins, lipoproteins, peptide nucleic acids,
locked nucleic acids, peptide-nucleic acid chimeras,
radio-frequency moiety, or any combination thereof.
The MNAi complex represents an "off state, whereas the
transition to an MNAzyme represents an "on" state. [
002 10 ] The present invention describes MNAzyme
ligases and their use as a mechanism for switching
from an active MNAzyme to an inactive MNAi complex
(Figure 13). The MNAzyme ligase could be used to
ligate an activity inhibitor component to an assembly
facilitator component to create an activity inhibitor.
When an activity inhibitor binds and replaces an
assembly facilitator component in an active MNAzyme
the complex is switched to an inactive MNAi complex. [
002 11 ] Other MNA complexes may contain some or all
of the components of an MNAzyme but are not
catalytically active either because some required
component(s)have not associated to form an active
MNAzyme or the microenvironment is incompatible with
catalytic activity of an MNAzyme. The catalytic
activity may be activated upon the occurrence of a
particular event, for example, including but not
limited to the presence of an activator component, for
example an assembly facilitator, or a change in
parameter including but not limited to a change in
temperature, wavelength, pressure, concentration of
salt, detergent, cations or any other parameter. In
some embodiments the catalytic activity of one nucleic
acid enzyme, such as an MNAzyme which is present in
the microenvironment, can create a new activator for a
new nucleic acid enzyme or nucleic acid enzyme complex
which may include, but is not limited to, an assembly
facilitator or a partzyme. [ 00212 ] In preferred
embodiments, the MNAzymes are based on one or more
DNAzymes and/or ribozymes. DNAzymes and/or ribozymes
are known which can perform catalytic modification of
at least one substrate wherein the modification may be
selected from the group comprising cleavage of nucleic
acids, ligation of nucleic acids, phosphorylation of
nucleic acids, nucleic acid capping, amino acid
adenylation, cofactor synthesis, RNA polymerization,
template-directed polymerization, RNA-protein
conjugation, aldol reaction, alcohol oxidation,
aldehyde reduction, purine and pyrimidine nucleotide
synthesis, alkylation, amide synthesis, urea
synthesis, formation of peptide bonds, peptidyl-RNA
synthesis, acyl transfer, aminoacylation, carbonate
hydrolysis, phosphorothioate alkylation, porphyrin
metallation, formation of carbon-carbon bonds, Pd
nanoparticle formation, biphenyl isomerization,
formation of ester bonds, formation of amide bonds,
DNA deglycosylation, thymine dimer photoreversion and
phosphoramidate cleavage. [ 002 13 ] More preferred
partzyme components for MNAzymes are based on a
particular DNAzyme structure. Presently preferred
structures for MNAzymes with cleavage activity are
based on DNAzymes which cleave, including the 10:23
and 8:17 DNAzymes. Presently preferred structures for
MNAzymes with ligase activity are based on DNAzyme
ligases which ligate substrates and create 2' 5'
linkages, such as the "7Z81" and "7Z48" and 7Q10
DNAzymes, as well as DNAzyme ligases which ligate
substrates and create 3'-5' linkages such as the 9DBl
ligase. In various embodiments the MNAzymes and
inactive MNA complexes comprise either or both
ribonucleotide basesand deoxyribonucleotide bases. In
more preferred embodiments, an MNAzyme and inactive
MNA complex is based at least in part on the structure
of a DNAzyme. In other preferred embodiments, MNAzymes
and inactive MNA complexes comprise at least some
deoxyribonucleotide bases or analogues thereof. In
more preferred embodiments, the catalytic core
portions of partzymes assembled into an MNAzyme
comprise one or more deoxyribonucleotide bases or
analogues thereof. In still more preferred
embodiments, one or more deoxyribonucleotide bases or
analogues thereof are involved in the catalysis of a
substrate by an MNAzyme. In other embodiments, at
least one deoxyribonucleotide base, or its analogue,
in the catalytic core improves catalytic activity of
an MNAzyme. In yet other embodiments, there is a
strict requirement for at least one
deoxyribonucleotide base, or its analogue, in the
catalytic core of the MNAzyme for catalysis to occur
at a measurable rate, relative to that of a comparable
MNAzyme without the deoxyribonucleotide base present.
[ 00214 ] The present invention discloses MNAzyme
ligases which are capable of selfassembling from two
or more oligonucleotide components, also referred to
herein as partzymes. The partzyme oligonucleotides
self-assemble in the presence of at least one MNAzyme
ligase assembly facilitator to form an MNAzyme ligase.
MNAzyme ligases are therefore catalytically active
nucleic acid ligases. [ 002 15 ] An exemplary MNAzyme
with ligase activity comprising a first partzyme and a
second partzyme is depicted in Figure 10. With
reference to Figure 10, the first partzyme and the
second partzyme each bind to an assembly facilitator
(e.g. through Watson-Crick base pairing). The MNAzyme
ligase only forms when the sensor arms (i) of the
first partzyme and the second partzyme hybridize
adjacent to each other on the assembly facilitator.
The substrate arms (iii) of the MNAzyme engage the
substrates, the modification (ligation) of which is
catalyzed by the catalytic core of the MNAzyme ligase,
formed by the interaction of the catalytic domains
(ii) of the first partzyme and the second partzyme.
Ligation of two nucleic acid substrates is exemplified
in the drawing. [ 00216 ] In some embodiments, the
presence of an MNAzyme with ligase activity can be
detected, and is indicative of the presence of a
target, because the MNAzyme ligase forms only in the
presence of the target, wherein the target comprises
the assemblyfacilitator. A wide variety of assays
based on the basic principles outlined above are
provided herein. Compositions comprising
oligonucleotides capable of forming MNAzyme ligases,
and MNAzyme ligases of various sequences are also
provided herein. [ 002 17 ] For example, the MNAzyme
ligase structures are based on one or more DNAzyme
ligases. More preferred are those MNAzyme ligase
structures which are based on a particular DNAzyme
ligase structure. Presently preferred structures are
based on DNAzyme ligases including the 7Q10, 7Z81,
7Z48 and 9DBl DNAzyme ligases. [ 002 18 ] An assembly
facilitator such as a target nucelcic acid may be
detected using an MNAzyme with ligase activity. In one
scenario, the provision of target nucleic acid is the
initiating step which results in the formation of an
MNAzyme with ligase activity. With reference to Figure
12, the initiating target nucleic acid would be the
assembly facilitator B and the assembly facilitator A
would be a synthetic molecule included to drive the
assembly of MNAzyme A. MNAzyme A would then have the
sole purpose of generating a 5' ligatable substrate B
with a 2'3' cylic phosphate terminus in a reaction
which could then be added to the reaction which
detects the target assembly facilitator B using an
MNAzyme B with ligase activity. This approach could
provide a practical method for producing substrates
with specific termini such as 2'3' cyclic phosphates
which may be expensive to synthesise and may be
relatively unstable. Further, with reference to Figure
12, the MNAzyme A partzymes and the assembly
facilitator A could be replaced by a DNAzyme with
cleavage activity present either in a separate
preliminary reaction for ligatable substrate
generation or the DNAzyme could be present in the same
reaction mix as the MNAzyme with ligase activity.
Example 11 demonstrates that cleavage and ligation
using a combination of an MNAzyme and a DNAzyme can be
performed in a single reaction mix. [ 00219 ] As
provided herein, MNAzymes and inactive MNA complexes
may contain one or more substitutions such as
analogues, derivatives, modified or altered bases,
ribonucleotides, alterations of the sugar or phosphate
backbone, various deletions, insertions,
substitutions, duplications or other modifications, or
any combination of these, well known to those skilled
in the art. Such modifications, substitutions,
deletions, insertions, etc may be made in the sensor
and/or substrate arms and/or in the catalyticcore
portions, such that the molecule retains catalytic
activity. Substitutions and modifications to arms that
bind the substrate or assembly facilitator may be well
tolerated and in fact are the basis of allowing
tailoring of the molecules to different
substrates/assembly facilitators. For example,
modification of the sensor arms will allow tailoring
to different assembly facilitators, while modification
of the substrate arms will allow tailoring to
different substrates. Analysis of multiple substrates
(e.g generic 



substrates) allows the simultaneous monitoring of
multiple "detectable effects" or "output" signals as
an indication of the presence of the assembly of
multiple active MNAzymes in response to an input
event/s or entity/ies (e.g. provision of assembly
facilitator/s) which are then able to modify multiple
substrates [ 00220 ] In certain preferred embodiments,
the invention envisages MNAzymes with catalytic
activity that are comprised of deoxyribonucleotides or
which are derived from such molecules by certain
modifications/ substitutions etc. As a general rule,
replacement of the whole molecule with, for example,
ribonucleotides, will render the molecule inactive
because it relies for its activity on certain key
deoxyribonucleotides. In a corresponding fashion, some
ribonucleotides in a ribozyme may be substituted with
deoxyribonucleotides but replacement of the whole
molecule with, for example, deoxyribonucleotides, will
render the molecule inactive. [ 0022 1 ] The skilled
artisan will appreciate that MNAzymes with cleavage,
ligation or other enzymatic activities, and inactive
MNA complexes comprise either deoxyribonucleotides or
ribonucleotides, or even both. Those MNAzymes and
inactive MNA complexes comprising at least one and
more preferably, all, deoxyribonucleotide component
oligonucleotides are presently preferred. Also
preferred are those MNAzymes and inactive MNA
complexes comprising at least one deoxyribonucleotide
base, or its analogue, within at least one of the
partial catalytic cores of the partzymes. Even more
preferred are those embodiments where such a base is
required for catalytic activity of an MNAzyme with
cleavage, ligase or other enzymatic activity. [ 00222
] In certain embodiments at least one component of an
MNA complex may comprise a region of self
complementarity that may under some conditions form a
hairpin structure. In one embodiment, a region of self
complementarity may be located in one orboth of the
partzyme sensor arms. In another embodiment the region
of self complementarity may be located in one or both
of the partzyme substrate arms. In another embodiment
a region or regions of self complementarity may be
present in an assembly facilitator, an assembly
inhibitor or an activity inhibitor component, or any
combination thereof. In other embodiments MNA
complexes may bind substrates which may contain
regions of self complementarity. [ 00223 ] In any of
the preceding aspects the catalytic modification of at
least one substrate is selected from the group
consisting of cleavage of nucleic acids, ligation of
nucleic acids, phosphorylation of nucleic acids,
nucleic acid capping, amino acid adenylation, cofactor
synthesis, RNA polymerization, template-directed
polymerization, RNA-protein conjugation, aldol
reaction, alcohol oxidation, aldehyde reduction,
purine and pyrimidine nucleotide synthesis,
alkylation, amide synthesis, urea synthesis, formation
of peptide bonds, peptidyl-RNA synthesis, acyl
transfer, aminoacylation, carbonate hydrolysis,
phosphorothioate alkylation, porphyrin metallation,
formation of carbon-carbon bonds, Pd nanoparticle
formation, biphenyl isomerization, formation of ester
bonds, formation of amide bonds, DNA deglycosylation,
thymine dimer photoreversion and phosphoramidate
cleavage [ 00224 ] The skilled artisan will also
appreciate that MNAzymes comprised of DNA have
advantages over uni-molecular or multipartite
ribozymes, for example with respect to stability and
ease of use. It is also to be appreciated that in some
embodiments, MNAzymes offer advantages over
uni-molecular nucleic acid enzymes, for example
DNAzymes, which can only recognize one molecule which
functions as both the target and the substrate.
Further, catalytic modification, for example cleavage,
can destroy the DNAzyme's target/substrate and as such
the target is not available for another round of
recognition. In contrast a single MNAzyme, for example
an MNAzyme with cleavage activity, can recognize at
least two molecules, namely at least one assembly
facilitator and at least one substrate. As such, an
assembly facilitator, for example a target nucleic
acid present in a sample, is not catalytically
modified in the reaction and remains available for
further rounds of substrate modification by the
MNAzyme. Further, a single MNAzyme which can act on
two substrates (e.g. an MNAzyme with ligase activity)
can recognize at least three molecules, namely at
least one assembly facilitator and at leasttwo
substrates. These properties of MNAzymes make them
adaptable for systems or processes that require the
components to be able to "read" an "input" signal, for
example detect the presence of an assembly
facilitator, and "write" an "output" signal, for
example producing a detectable signal indicative of
enzymatic modification of a substrate, or by the
creation of a new product (e.g. a new assembly
facilitator or component) which can be useful as a new
input signal. Such processes include cascade
reactions, logic gates and other processes. MNAzymes
therefore could provide a mechanism for transduction
of information, for example, to receive an input
signal and respond with an appropriate output
response. 2. Methods for regulating the assembly and
disassembly of MNA complexes and applicationsfor their
use. [ 00225 ] MNAzyme assembly and disassembly may be
controlled by changing the microenvironment. Examples
of such changes include, but are not limited to,
temperature, divalent cation type and concentration,
salt concentration, pH, additives, and the presence or
absence of critical components essential for assembly
and/or activity of an active MNAzyme. [ 00226 ] The
assembly of catalytically active MNAzymes may be
regulated in a temperature-dependent manner. In one
embodiment the assembly of catalytically active
MNAzymes may be regulated in a pH-dependent manner. In
one embodiment the assembly of catalytically active
MNAzymes may be regulated in a manner dependent on the
presence or absence of divalent cations or chelators.
In one embodiment the assembly of catalytically active
MNAzymes may be regulated in a salt-dependent manner.
In one embodiment the assembly of catalytically active
MNAzymes may be regulated in a manner dependent on
ionic concentration. [ 00227 ] The assembled MNAzyme
represents an "on" state, whereas the disassembled MNA
complex components represent an "off state. The
assembly and disassembly of MNA complexes can be
controlled by temperature. The "on" state can be
induced by switching the temperature to one within the
range that is compatible with both assembly and
catalytic activity of an MNAzyme or MNAzyme complex.
Conversely, the "off states can be induced by
switching the temperature to outside the range that is
compatiblewith either assembly and/or catalytic
activity of an MNAzyme or MNAzyme complex. The melting
temperatures of the components of MNA complexes can be
adjusted to only allow assembly within a restricted
temperature range. Oligonucleotides which are
particularly useful in this aspect of the invention,
include but are not restricted to, stabilizer arm
components, partzyme components with truncated sensor
arms and components of assembly facilitator and/or
modulator oligonucleotides. Great flexibility is
afforded by MNA complexes in which the components of
the basic design (Figure 1) have been further split
into smaller component subunits or portions (Figure
2), the sequence of which can be tailored with respect
to the melting temperature, the sequence composition
and complementarity, or lack thereof, with other
component oligonucleotides. With reference to Figure 2
it would be appreciated by one skilled in the art that
the partzyme arm which is truncated could be any of
the following: the partzyme A sensor arm, the partzyme
B sensor arm, the partzyme A substrate arm, the
partzyme B substrate arm, or any combination thereof.
[ 00228 ] With reference to Figure 6, additional
exemplary designs for active MNAzyme complexes are
shown. MNAzyme complexes with the structures as
exemplified in Figure 6 could also be used to modify
substrates in ways other than cleavage, for example,
the MNAzyme structures could also ligate substrates. [
00229 ] The sensitivity of an MNAzyme to temperature
can be exploited to build thermo-sensors and
rheostats. If the temperature were either too high, or
too low, for the assembly (hybridization) of the
component oligonucleotides, and/or for catalytic
activity, then the MNAzyme substrate would not be
modified (eg cleaved or ligated). If the temperature
were permissive for MNAzyme activity then the
substrate would be modified and a signal would be
generated. A rise or fall in temperature from one that
is incompatible with MNAzyme activity, to another
which is compatible with MNAzyme activity, would be
detected by a signal generated following substrate
modification by the MNAzyme. MNAzymes can thus provide
a device capable of detecting temperature changes. One
skilled in the art would appreciate that the invention
of simple devices using MNAzymes for temperature
sensing could be applied in many industries including,
for example, the pharmaceutical, food and agricultural
industries[ 00230 ] In other embodiments, a magnetic
force can regulate cation concentration and hence
provide a switch for modulating MNAzyme activity on
and off. Positively charged cations are required for
the catalytic activity of some MNAzymes. A magnetic
force could alternatively switch the MNAzyme activity
off by physically separating the negatively charged
MNA oligonucleotides, for example the partzymes,
assembly facilitators and substrates or components
thereof, from the positively charged cations, for 



example Mg2+. The MNAzyme could then be switched back
on by allowing the MNA oligonucleotides and cations to
come back in contact. [ 0023 1 ] In some embodiments
the active "on" states (MNAzyme) can be induced using
a pH within the range that is compatible with
activity. Conversely, an "off state can be induced
using a pH outside the range that is compatible with
activity. pH may further be used to control activity
of MNA complexes by inducing hydrolysis of labile
sequences, and thus either creating or destroying a
new component for an MNAzyme and/or inactive MNA
complex. [ 00232 ] The presence or absence of any
component of the MNA complexes can provide either an
"on" or "off switch. Changing, for example, the
oligonucleotide sequence, the melting temperature and
or concentration can achieve finer regulation. The
broad scope for designs of components which can
assemble into MNA complexes, for example two-part
assembly facilitators and/or two-part partzyme
components (e.g. with truncated sensor domains and
stabilizer arms), introduces flexibility into systems
which can allow tailoring (fine tuning) of conditions
compatible with hybridization and hence MNA complex
assembly. Further, the hybridization strength and
stringency of binding of specific oligonucleotides
within an MNA complex is affected by many factors,
including but not limited to, salt concentration,
cation concentration, temperature and the presence or
absence of additives (e.g. DMSO). As such, entities
that affect hybridization can provide a tool for
controlling the assembly and disassembly of MNAzyme
and/or inactive MNA complexes. [ 00233 ] Physical
manipulation of components can be achieved, for
example, by exploiting either physical properties of
attached moieties as molecular "hooks", and/or by
exploiting inherent properties of the
oligonucleotides, for example, negative charge,
orsequence complementarity. In another embodiment, the
attached moiety allows oligonucleotides to be
selectively captured, for example using a biotin
group. In another embodiment the moiety contains a
radio-frequency magnetic field radio to facilitate
remote electronic control of hybridisation. This
approach could be designed to allow the selective
removal of component molecules by targeted thermal
denaturation of specific oligonucleotides within an
MNA complex, thus allowing activation, or inhibition,
of enzymatic activity depending on whether the
component molecule is itself an activator or an
inhibitor sequence. For example, the activity
inhibitor can be selectively denatured from an MNAi
complex, allowing transition to the active MNAzyme
state. [ 00234 ] Other strategies could be used to
remove the influence of an activator or inhibitor
molecule and thus promote assembly or disassembly of
active MNAzymes and inactive MNA complexes such as
MNAi complexes. For example, hybridization between two
oligonucleotides at single stranded termini can cause
DNA branch migration and unzipping of regions of
double stranded nucleic acid. The process of unzipping
a double stranded region of nucleic acid by branch
migration can also be initiated at single stranded
region which is not at the termini of a nucleic acid
duplex. For example branch migration may be initiated
at a single stranded region which lies between two
double stranded regions. In one embodiment, an
activity inhibitor could be removed from an MNAi
complex by a modulator oligonucleotide such as a
displacer oligonucleotide which functions by branch
migration. In another embodiment, a ligase substrate
could be removed from an MNAzyme complex with ligase
activity by a modulator oligonucleotide such as a
displacer oligonucleotide which functions by branch
migration. [ 00235 ] In other embodiments,
complementary oligonucleotides can be used to
outcompete and hence switch "off or shut down
oligonucleotide components, which in themselves may
comprise either active MNAzymes or MNAzyme complexes
or inactive MNA complexes. The components which are
inhibited by this approach may comprise activator or
inhibitor components of either MNAzymes or inactive
MNA complexes. [ 00236 ] An alternate exemplary
strategy is designed to facilitate switching an MNA
complex between the "on state" of an active MNAzyme to
the "off state" of an MNAi complex using a second
MNAzyme with ligase activity (or a DNAzyme with
ligaseactivity). With reference to Figure 13, an
active MNAzyme A, which could be capable of modifying
(eg cleaving or ligating) a substrate(s) A could be
formed in the presence of assembly facilitator
component 1 (AFC 1) and assembly facilitator component
2 (AFC 2). A second MNAzyme B, which has ligase
activity, could form in the presence of assembly
facilitator 3 (AF3) and could then ligate AFC 2 with
an activity inhibitor component (AIC) causing the
formation of an activity inhibitor (AI). This AI could
bind to the partzyme components for the MNAzyme A and
result in the formation of an MNAi A complex which is
inactive. As such the MNAzyme ligase in this example
could operate as an off switch to inactivate the
MNAzyme A.. Alternatively, a DNAzyme ligase could
replace the MNAzyme B (MNAzyme ligase) and could
operate as an off switch to inactivate the MNAzyme A.
The inactive MNAi complex and the catalytically active
MNAzyme would represent two alternate states for the
assembled components, namely an "off state and the
"on" state respectively.The skilled artisan will
recognize that the various methods provided herein can
generally be used to modulate the assembly or activity
of single MNA complexes or of multiple MNA complexes
in a single reaction or assay. 3. Use of the
compositions as molecular switches [ 00237 ] Persons
skilled in the art will recognize and understand that
the present invention may be equated with a biological
"switch", the applications of which are herein
contemplated. Exemplary examples of mechanisms for
switching on and off MNAzyme activity are listed in
Table 2 below. Table 2. Active and inactive MNA states
and mechanisms for switching between the two states.[
00238 ] In this regard, the presence or absence of any
component of the multicomponent nucleic acid complexes
can provide either an "activator" or "on" switch or it
may provide an inhibitor or "off switch. [ 00239 ] In
some embodiments, the presence or addition of a
stabilizer arm can provide an "on" switch. In one
embodiment, new stabilizer arms can be generated in
thesystem during a reaction, for example by cleavage
of a substrate, which may comprise, for example
another MNA complex component. In other embodiments
the absence, modification or removal of a stabilizer
arm can provide an "off switch. [ 00240 ] In some
embodiments, the presence of an assembly facilitator,
or a component thereof, can provide an "on" switch. In
some embodiments, new assembly facilitators can be
generated by MNAzyme cleavage of MNA complex
components, for example, by cleavage of a substrate
including, but not limited to, those substrates which
can serve as another MNA complex component such as an
activity inhibitor prior to modification by cleavage.
In some embodiments, the assembly facilitators can
provide specific "input" signal systems, encoded
within the sequence. In some embodiments the assembly
facilitator can be recognized or "read". In some
embodiments, the partzyme sensor arm can "read"
assembly facilitator sequences including those
differing by one or more single bases. In other
embodiments, the absence or removal of an assembly
facilitator, or a component thereof, can provide an
"off switch. [ 00241 ] In some embodiments components
of MNA complexes may be generated by ligation of
components present in the reaction milieu. In some
embodiments a partzyme is created by ligation of
oligonucleotides thereby generating a new partzyme
component which can associate to form, for example, an
active MNAzyme. In some embodiments an assembly
facilitator is created by ligation of oligonucleotides
thereby generating a new assembly facilitator
component which can facilitate assembly of an MNA
complex. In some embodiments a substrate or other
nucleic acid enzyme or component thereof may be
generated by ligation of components. [ 00242 ]
Transition between states of activation and
inactivation can provide a mechanism for creating a
molecular switch, which can be regulated by
alternating between the active and inactive
conformations. Such molecular switches may, for
example, be applied to the control of nucleic acid
replication cascades, or to the regulation of
autonomous therapeutic, diagnostic and computational
molecular scale devices. [ 00243 ] The present
invention provides compositions comprising the
components for self-assembling MNAi complexes that
self-assemble in the presence of one or moreMNAzyme
assembly facilitator molecules and one or more
assembly inhibitor molecules to form catalytically
inactive MNAi complexes. [ 00244 ] Aspects of the
invention may be better understood by reference to the
figures. Figure 1 depicts an example of a basic method
for assembling an MNAzyme using an assembly
facilitator. More specifically, partzyme A and
partzyme B are shown in Figure 1, each comprising a
(i) sensor arm portion, (ii) a substrate arm portion,
and (iii) a catalytic core portion. In the presence of
an assembly facilitator, the sensor arm portions of
partzyme A and partzyme B can hybridize to, and base
pair with complementary portions of the assembly
facilitator, for example a DNA or RNA target sequence.
Upon contacting the assembly facilitator in this
fashion, the MNAzyme self-assembles forming 



a catalytic core which can modify a substrate which is
bound by the substrate arms. Preferably the presence
of the MNAzyme is detected through the detection or
measurement of its catalytic activity. The substrate
arms of the assembled MNAzyme can engage a substrate,
for example the reporter substrate shown in Figure 1,
through the interaction of the complementary sequences
on the substrate arms and the substrate. Once the
substrate is so engaged with the substrate arms, the
catalytic core can promote the modification (eg.
cleavage) of the substrate, which can in turn be
measured or detected, directly or indirectly. The
MNAzyme can be alternatively assembled (switched on)
and dissembled (switched off) using various methods. [
00245 ] One or more of the partzyme sensor arms, the
partzyme substrate arms, the assembly facilitator and
the substrate may comprise at least two molecules. In
one embodiment one or more components for an MNA
complex including for example the partzyme sensor
arms, the partzyme substrate arms, the assembly
facilitator, the activity inhibitor and the substrate
may further comprise at least one aptamer. [ 00246 ]
The assembly facilitator may comprise synthetic
oligonucleotides which are added to the mix to drive
the assembly of MNA complexes. [ 00247 ] With
reference to Figure 2, additional exemplary designs
for active MNAzyme complexes are shown. The exemplary
structure for one MNAzyme complex is depicted in panel
(i) where multiple assembly facilitator components are
required for formation of an MNAzyme. In this design,
one component (Fl) of the assemblyfacilitator is
complementary to regions of the sensor arms of both
partzyme A and B, whereas a second assembly
facilitator component (F2) has complementarity with
either partzyme B only (as per Figure 2(i)), or
partzyme A only. The two assembly facilitator
components together direct the assembly of an active
MNAzyme which can modify (eg cleave) a substrate.
Panel (ii) depicts an exemplary design of an MNAzyme
complex where the assembly of partzyme A with a
bi-partite partzyme B component in the presence of
assembly facilitator produces an active MNAzyme
capable of modifying (eg cleaving) a substrate. In
this design, partzyme B has a truncated sensor arm
(T), which is insufficient to allow stable MNAzyme
assembly in the absence of a second component,
referred to herein as a stabiliser arm component (S).
However, when a stabiliser arm component hybridises to
the assembly facilitator in a location adjacent to
that where the truncated sensor arm of the partzyme
binds, this allows assembly into an active MNAzyme. [
00248 ] The active MNAzyme formed by the assembly of a
partzyme A, a partzyme B component with a truncated
sensor arm, and stabiliser arm component in the
presence of an assembly facilitator represents an "on"
state. Omission, removal or modification of either of
the partzymes, the partzyme stabiliser arm component,
or an assembly facilitator component, may result in a
catalytically active "off state. As such, the MNAzyme
catalytic activity can be regulated by the presence or
absence of various oligonucleotides and/or by the
ability of such oligonucleotide components to be
functionally active, for example to be capable of
hybridizing with other oligonucleotide components to
form stable MNA complexes. The truncated arm is
designed to be insufficient to allow stable MNAzyme
assembly under the reaction conditions, unless
accompanied by a stabiliser arm component. The
partzymes, stabiliser arm component, and the assembly
facilitator, can thus function as "on" switches for
MNAzyme activity. [ 00249 ] The reactions illustrated
in Figure 3 represent two alternative states for the
MNA complexes. The active MNAzyme (reaction (i))
represents the "on" state. Those reactions where
either a partzyme stabiliser arm component (reaction
(ii)), or an assembly facilitator component (reaction
(Hi)) is omitted are inactive MNA complexes
representative of "off states. As such, the MNAzyme
catalytic activity can be regulated by the presence or
absence of various oligonucleotides and/or by the
ability of sucholigonucleotide components to be
functionally active, for example, to be capable of
hybridising with other oligonucleotide components to
form stable MNAzymes. The truncated arm is designed to
be insufficient to allow stable MNAzyme assembly under
the reaction conditions, unless accompanied by a
stabiliser arm component. The stabiliser arm and the
assembly facilitator can function as "on" switches for
MNAzyme activity. [ 00250 ] It would be appreciated by
one skilled in the art that the partzyme arm which is
truncated could be any of the following: the partzyme
A sensor arm, the partzyme B sensor arm (as
illustrated in Figure 2 (ii) and Figure 3 (i)), the
partzyme A substrate arm, or the partzyme B substrate,
or any combination thereof. [ 00251 ] One skilled in
the art would recognise that MNAzymes can be used in
strategies for creating molecular sensors, molecular
switches, and/or modulators or propagators of
autocatalytic self-replicating cascades and other
iterative processes. Areas of use include, but are not
limited to, medical, veterinary, agricultural, food
technology, imaging and anti-bioterrorism
applications. [ 00252 ] With reference to Figure 4, an
MNAi complex is formed when partzymes A and B complex
with an assembly facilitator and an activity inhibitor
(left hand side). The inactive MNAi complex is capable
of interacting with, but not catalytically modifying,
the substrate. In some embodiments, the activity
inhibitor may further include a labile or cleavable
linker, which may separate two or more domains within
the activity inhibitor. Such domains may include, for
example, (i) an inhibitor portion which is
substantially non-complementary to the partzyme
components and which exerts an inhibitory effect by
disrupting the secondary structure required for
formation of a catalytically active MNAzyme and (ii)
an activator portion which, if separated from the
inhibitor portion, may function as an additional
assembly facilitator component and direct the assembly
of an active MNAzyme. [ 00253 ] With reference to
Figure 4, an active MNAzyme complex (right hand side)
can be derived from the components of the MNAi
complex, following modification of the activity
inhibitor such as to cleave or bisect the molecule and
separate the (i) activity inhibitor portion and the
(ii) activator assembly facilitator portion. The
released activatorassembly facilitator portion is then
able to function as a second assembly facilitator
component, which in concert with a first assembly
facilitator component, can direct the assembly of
partzyme components A and B into an active MNAzyme
capable of catalytically modifying a substrate. [
00254 ] Conversely an active MNAzyme complex (right
hand side of Figure 4) can be converted to an inactive
MNAi complex (left hand side of Figure 4), by ligation
or joining of an activity inhibitor portion (i) to the
activator assembly facilitator portion (ii) thus
creating an activity inhibitor. [ 00255 ] The inactive
MNAi complex and the catalytically active MNAzyme
represent two alternate states for the assembled
components, namely an "off state and the "on" state
respectively. [ 00256 ] With reference to Figure 13 an
exemplary strategy for switching an MNA complex from
the "on state" of an active MNAzyme to the "off state"
of an MNAi complex using a second MNAzyme with ligase
activity is described. An active MNAzyme A, which
could be capable of modifying (eg cleaving or
ligating) a substrate(s) A could be formed in the
presence of assembly facilitator component 1 (AFC 1)
and assembly facilitator component 2 (AFC 2). A second
MNAzyme B, which has ligase activity, could form in
the presence of assembly facilitator 3 (AF3) and could
then ligate AFC 2 with an activity inhibitor component
(AIC) resulting in the formation of an activity
inhibitor (AI). This AI can bind to the partzyme
components for MNAzyme A resulting in the formation of
an MNAi A complex which is inactive. As such the
MNAzyme ligase in this example can operate as an off
switch to inactivate an MNAzyme A. The inactive MNAi
complex and the catalytically active MNAzyme represent
two alternate states for the assembled components,
namely an "off state and the "on" state respectively.
4. Methods using insoluble and solid supports [ 00257
] It is also to be understood that generally the
methods, whether multiplexed or not, are applicable in
solution, or combined with an insoluble support or
solid support on which one or more of any MNA complex
component(s), including the substrate or portion
thereof, may be attached. Further, additional enzymes
or components thereofpresent in an MNAzyme cascade,
including DNAzymes with for example,either cleavage
and/or ligase activity may be attached to an insoluble
support or solid support. Accordingly, at least one of
a DNAzyme, a partzyme component, a substrate, an
assembly inhibitor, an assembly facilitator or
assembly facilitator component, a stabilizer arm
and/or an inhibitor such as an activity inhibitor or
assembly inhibitor may be bound, attached or tethered.
Further, a portion of at least one of a partzyme
component, a substrate or substrates, an assembly
inhibitor, an assembly facilitator or assembly
facilitator component, a stabilizer arm and/or an
inhibitor such as an activity inhibitor or an assembly
inhibitor may be bound, attached or tethered. [ 00258
] Embodiments of the present invention encompass an
insoluble support. By 



way of example the insoluble support could be in the
form of a "chip", otherwise known as an array or
microarray, which typically comprise a plurality of
oligonucleotides coupled, tethered or otherwise
attached to the chip. In particular embodiments, the
oligonucleotides comprise nucleic acid. [ 00259 ] In
particular embodiments, the plurality of
oligonucleotides could comprise a plurality of
components, or portions thereof, for MNA complexes
which include but are not limited to, substrates,
and/or partzymes, and/or assembly facilitators, and/or
assembly inhibitors and/or activity inhibitors and/or
any combination thereof. In particular embodiments,
the plurality of oligonucleotides could comprise a
plurality of oligonucleotides which are complementary
to a domain contained within, and/or appended to, any
of the components comprising the plurality of
components, or portions thereof, for MNA complexes. In
particular embodiments, the plurality of components,
or portions thereof, for MNA complexes could comprise
oligonucleotides with more than one functional domain
which may comprise a substrate, and/or a partzyme,
and/or an assembly facilitator, and/or an assembly
inhibitor and/or an activity inhibitor and/or any
combination therof. [ 00260 ] A plurality of
oligonucleotides may be positioned upon a solid
support, for example a chip, bead, plate or array by
any suitable method known in the art, for example, by
pipette, ink-jet printing, contact printing or
photolithography. The solid support may be comprised
of at least one element, with each element comprising
at leastone nucleic acid oligonucleotide. The at least
one element may be comprised of a plurality of
oligonucleotides of the same sequence. The number of
elements comprising the solid support may be any
number, and where a plurality of elements is
positioned on a solid support, the elements may be
spaced apart at a uniform or a variable distance, or a
combination thereof. In some embodiments, the elements
may be positioned randomly, with the respective
location of each element then determined. The size and
shape of the elements will depend upon the particular
application of the present invention, and different
sized and shaped elements may be combined into a
single solid support. The surface of the solid support
may be substantially planar or may have features such
as depressions or protuberances, and the elements may
be positioned either into the depressions or onto the
protuberances. Such depressions may provide a
reservoir for solutions into which the elements are
immersed, or such protuberances may facilitate drying
of the elements. For example, elements may be placed
in each well of a 96 well plate. In some embodiments,
the solid support may include unique identifiers such
as indicia, radio frequency tags, integrated devices
such as microprocessors, barcodes or other markings in
order to identify each of the elements. The unique
identifiers may additionally or alternatively comprise
the depressions or protuberances on the surface of the
array. Furthermore, the unique identifiers can provide
for correct orientation or identification of the chip.
The unique identifiers may be read directly by a data
capture device or by an optical scanner or detector.
5. Substrate systems [ 00261 ] Also provided in
accordance with the present invention are generic
reporter substrate systems, which allow rapid system
development by allowing facile design changes to
create new MNAzymes and inactive MNA complexes which
recognize different assembly facilitators. As
discussed herein, the substrate arm portion and the
catalytic core portion of the partzymes may remain
unchanged, with changes only to the sensor arm portion
of one or more partzymes required for new assembly
facilitators. A generic substrate sequence or
sequences is provided and the same substrate or
substrates can therefore be incorporated in systems
for various diverse applications. Further, the same
substrate(s) can be incorporated into the methods in
various embodiments herein, including assays where the
substrate(s) is free in solution or is tethered or
attached to asupport. A series of generic substrates
can be used in a multiplex reaction allowing
simultaneous detection of multiple assembly
facilitators. [ 00262 ] In some cases, substrates
which have been cleaved by an MNAzyme or DNAzyme with
endonuclease or cleavage activity can be reconstituted
and hence recycled using a DNAzyme ligase or a MNAzyme
ligase. Substrates which have been ligated by a
DNAzyme or MNAzyme with ligase activity can be
recycled as substrates for a DNAzyme or MNAzyme with
cleavage activity provided the DNAzyme or MNAzyme
cleaver can cleave the link created by ligation by the
DNAzyme or MNAzyme ligase. Alternatively, an MNAzyme
with cleavage activity may cleave at a site within a
ligation product which is not at the junction of the
two ligatable substrates provided the cleavage site
requirements are met at this site. [ 00263 ] As
described in more detail below, MNA complexes have an
advantageous property in certain embodiments of being
able to utilize a universal or generic substrate or
substrates. Such a substrate is shown in Figure 1 in a
presently preferred configuration wherein the
substrate for an MNAzyme with cleavage activity
comprises both a detectable portion and a quencher
portion. The quencher portion is adapted to diminish
or eliminate a detectable signal from the detectable
portion of the substrate until the substrate is
cleaved by an MNAzyme. For example, the quencher
portion may comprise "Black Hole Quencher 1" (BHQl) or
"Black Hole Quencher 2" (BHQ2). [ 00264 ] Thus, the
MNAzyme cleaves the substrate between the detectable
portion and the quencher portion allowing the two
portions to separate in solution, thereby allowing the
detectable signal to appear or increase as the
quencher portion is distanced from, or effectively
removed from the local environment of the detectable
portion. [ 00265 ] Further, substrate(s) for an
MNAzyme with ligase activity, as shown in Figure 10,
can be designed such that one substrate comprises a
detectable portion and one substrate comprises a
quencher portion. The quencher portion is adapted to
diminish or eliminate a detectable signal from the
detectable portion when the substrates are ligated
into a ligation product thus bringing the detectable
and quencher portions into close proximity. For
example, the quencher portion may comprise "Black Hole
Quencher 1" (BHQl) or "Black Hole Quencher 2" (BHQ2).
Further, either an MNAzyme with ligaseactivity or a
DNAzyme with ligase activity could ligate substrates
bringing the detectable portion of one substrate in
close proximity with the quencher portion of the
second substrate, thereby allowing the detectable
signal to decrease. [ 00266 ] In another example, if
the 5' ligation substrate and the 3' ligation
substrate were each labelled with either a fluorophore
or quencher dye respectively (or vice versa) then
ligation would result in a decrease in fluorescence,
which could serve as an indicator of the presence of
the target analyte. [ 00267 ] In an alternative
format, if the 5' ligation substrate, for example,
were labelled with a detectable moiety, for example a
fluorophore, and the 3' ligation substrate were
attached to a discrete location, for example on a
solid support such as a chip or a bead, then ligation
would result in the appearance of a signal at the
discrete location in the presence of target analyte. [
00268 ] The use of the generic or universal
substrate(s) is enabled through the design of the
MNAzyme's component partzymes. By altering only the
sensor arms of the partzymes, but by leaving the
substrate arms unchanged, a large variety of MNAzymes
or inactive MNA complexes specific for each of a
plurality of assembly facilitators can be designed all
of which utilize a universal generic substrate(s) to
produce an output signal. The skilled artisan will
appreciate the advantages that this offers in terms of
eliminating the need for customized or unique
substrates to respond to each input event or entity.
Detection of each new assembly facilitator requires
only one or more changes in one or more of the sensor
arm portions; while the substrate arm portion and the
catalytic core portion may remain constant. Thus, a
single substrate (e.g. reporter substrate) for an
MNAzyme cleaver, or a single pair of ligatable
substrates for an MNAzyme ligase, can be used for
detection of a single assembly facilitator or other
input event using an MNAzyme, and/or detection of
multiple assembly facilitators in a series of systems
using altered MNAzymes. A plurality of generic
cleavable reporter substrates, or generic ligatable
substrate pairs, allows multiplexed monitoring of
multiple MNAzymes within one system. [ 00269 ] In some
instances it may be useful to have different MNAzymes
in a mix which have different sensor arms and at least
one substrate arm in common. Forexample, with
reference to the feedback cascade illustrated in
Figure 16, the MNAzyme cleaver 3 could have different
sensor arms than MNAzyme cleaver 1 but it may have one
substrate arm (on one of the partzymes) that is the
same as the sequence of one substrate arm of the
partzyme of MNAzyme cleaver 1 which interacts with
that portion of the sequence on substrate 1 (here, the
5' portion of the substrate) which is subsequently
ligated by the ligase. Therefore instead of cleaving
substrate 1, MNAzyme cleaver 3 would cleave another
substrate (referred to as substrate 3) which has the
same sequence at the 5' portion but which has a
different portion at the 3' end (or vice versa) with
respect to cleavable substrate 1. The cleavage site of
substrate 3 would lie at the junction of those
sequences which are shared between the cleavable
substrates 1 and 3 and those 



which differ. In this case, when MNAzyme cleaver 3 was
assembled in the presence of an assembly facilitator
component generated by cleavage by the MNAzyme cleaver
2, and if MNAzyme cleaver 3 cleaved substrate 3 then
the 5' cleavage product of MNAzyme cleaver 3 could
also serve as a 5' substrate for the DNAzyme ligase
(or the assembled MNAzyme ligase) and a feedback
amplification cascade reaction could be initiated. [
00270 ] Further, the substrates may incorporate
additional entities such as labelled nucleic acids,
nanoparticles, microparticles, proteins, antibodies,
RNA, DNA, nucleic acid analogues, biotin group,
glycoproteins, lipoproteins, peptide nucleic acids,
locked nucleic acids, peptide-nucleic acid chimeras,
moiety for radio-frequency magnetic field, or any
combination thereof. [ 00271 ] Substrates can be
modified by an MNAzyme thereby providing a "detectable
effect" or "output" signal. In the detection process,
the substrate modification by an MNAzyme may involve,
for example, cleavage of nucleic acids, ligation of
nucleic acids, phosphorylation of nucleic acids,
nucleic acid capping, amino acid adenylation, cofactor
synthesis, RNA polymerization, template-directed
polymerization, RNA-protein conjugation, aldol
reaction, alcohol oxidation, aldehyde reduction,
purine and pyrimidine nucleotide synthesis,
alkylation, amide synthesis, urea synthesis, formation
of peptide bonds, peptidyl-RNA synthesis, acyl
transfer, aminoacylation, carbonate hydrolysis,
phosphorothioate alkylation, porphyrin metallation,
formation of carbon-carbon bonds, Pd nanoparticle
formation, biphenyl isomerization, formation of ester
bonds, formation ofamide bonds, DNA deglycosylation,
thymine dimer photoreversion or phosphoramidate
cleavage. [ 00272 ] . As a consequence of substrate
modification by an MNAzyme, a detectable effect may be
generated and the magnitude of the effect may
therefore be indicative of the quantity of the input
signal. The detectable effect may be detected by a
variety of methods, including fluorescence
spectroscopy, surface plasmon resonance, mass
spectroscopy, NMR, electron spin resonance,
polarization fluorescence spectroscopy, circular
dichroism, immunoassay, chromatography, radiometry,
photometry, scintigraphy, electronic methods, UV,
visible light or infra red spectroscopy, enzymatic
methods or any combination UV, visible light or infra
red spectroscopy, enzymatic methods or any combination
thereof. [ 00273 ] The method may further comprise
quantifying the magnitude of the output signal or
detectable effect. In one embodiment the method may
further comprise determining the magnitude of the
input event from the quantified output signal. [ 00274
] The determination of catalytic activity, for example
by determination of the presence of detectable effect
or output signal, may be performed in a manner
permitting the catalytic activity to be quantified. In
one embodiment the magnitude of the detectable event
may be determined from the quantified catalytic
activity. [ 00275 ] Several groups have reported
detection of nucleic acid targets, and other analytes
with colourimetric readouts (Elghanian et al, 1997,
Mirkin et al, 1996, and Liu and Lu, 2004). The
strategy involves preparation of batches of gold
nanoparticles, each of which has a distinct DNA
oligonucleotide sequence attached to its surface. Gold
particles can then be aggregated by the addition of a
"bridging oligonucleotide", which has complementarity
with the sequences that are attached to the gold
particles. Particle aggregation results in a
concomitant change in colour from red to blue (Mirkin
et al, 1996). Inclusion of a DNAzyme substrate
sequence within the bridging oligonucleotide can
provide a mechanism for reversing the aggregation of
the gold particles (Liu and Lu, 2004). Activation of
the lead-dependent DNAzyme by the addition of lead,
caused cleavage of the bridging oligonucleotide,
dissociation of the gold particles and a change in
colour from blue to red.[ 00276 ] Simple detectors for
monitoring changes could be developed using this
principle and an MNAzyme with endonuclease or ligase
activity. Changes in temperature or other entities or
events could activate MNAzymes which could modify
bridging oligonucleotides causing the dissociation (in
the case of a cleaver) or association (in the case of
a ligase) of nanoparticles and a change in colour. 6.
Optimization of the methods [ 00277 ] The skilled
artisan will readily understand that the methods
described herein may be optimized using a variety of
experimental parameters. The particular experimental
parameters that are optimized, and the level of such
optimization, will depend upon the particular method
being employed and/or the particular event to be
detected. Such parameters include, but are not limited
to, time, temperature, concentration of salts,
detergents, cations and other reagents including but
not limited to dimethylsulfoxide (DMSO), and length,
complementarity, GC content and melting point (Tm) of
nucleic acids. The temperature at which such methods
may be performed may be in the range of about 2O0C to
about 960C, about 2O0C to about 750C, about 2O0C to
about 6O0C or about 20 0C to about 550C. The
temperature may be constant or may be cycled between
one temperature which is compatible with assembly of
an MNA complex and/or catalytic activity of an MNAzyme
and one temperature which is incompatible with
assembly of an MNA complex and/or catalytic activity
of an MNAzyme. [ 00278 ] Additionally or
alternatively, a variation in a parameter, and/or the
microenvironment, may be used to trigger activation of
the MNA complex from an inactive to an active state.
Thus, a parameter in the microenvironment may comprise
an "activator" as herein defined, including but not
limited to events such as change in temperature,
wavelength, concentration of salts, detergents,
cations, and concentration of structural and modulator
components which include but are not limited to
assembly facilitators or assembly facilitator
components, partzymes or partzyme components,
substrates, assembly inhibitors, activity inhibitors
and activator oligonucleotide components. Accordingly,
such optimization of parameters and/or
microenvironment may be undertaken in order to achieve
use of the MNA complexes as elements of cascade
reactions or molecular switches.[ 00279 ] In one
preferred embodiment, optimized reactions for
practicing the methods of using MNA complexes are
provided herein. In such optimized reactions,
activation of catalytic activity, which in some cases
may be by one or more nucleic acid enzymes in a
cascade, is increased by up to 10, 20, or 30 % above
unoptimized reactions. More preferred reaction
conditions improve catalytic activity by at least 35%,
or 40%, and preferably up to 50% or more. In still
more preferred embodiments, optimized reactions have
an increase in activation of catalytic activity of
more than 50%, and up to 66%, 75% or even 100%. In yet
more preferred embodiments, a fully optimized reaction
method will offer 100, 200 or even 300% or more
increase in activation of catalytic activity. Other
preferred reaction conditions can improve the
activation of catalytic activity by up to 1000% or
more over methods practiced with unoptimized reaction
conditions. A highly preferred reaction condition for
optimizing the methods provided herein is the
inclusion of certain divalent cations. The catalytic
activity of most nucleic acid enzymes may be
influenced in a concentration-dependent fashion by the
concentration of divalent cations. Preferred optimized
reactions are optimized for one or more OfBa 2+, Sr2+,
Mg +, Ca2+, Ni2+, Co2+, Mn2+, Zn2+, and Pb2+. 7.
Methods using aptamers [ 00280 ] With reference to
Figure 7, a method is illustrated whereby an activator
ligand can be used to switch "on" or "off the activity
of the apta-MNAzyme. The method uses an assembly
inhibitor to block activity of apta-MNAzymes in the
absence of an activator as illustrated. These methods
use aptamers which may comprise a nucleic acid,
protein, polypeptide, phylomer, peptide or combination
thereof that has the ability to recognize one or more
ligands. Aptamers may bind, for example, proteins,
polypeptides, peptides or nucleic acids,
glycoproteins, lipids, lipoproteins, cells, viruses,
bacteria, archaea, fungi, antibodies, metabolites,
pathogens, toxins, contaminants, poisons, entire
organisms, small molecules, polymers, metal ions,
metal salts, prions or any derivatives, portions or
combinations thereof, or any other entity (Lee et al,
2004). [ 00281 ] Preferred aptamers herein may
comprise short single-stranded DNA or RNA oligomers
that can be isolated from complex libraries of
synthetic nucleic acids by an iterative process of
adsorption, recovery, and reamplification. Other
preferred aptamersmay comprise protein, polypeptide,
peptide or phylomers or a combination thereof that has
the ability to recognize one or more ligands. Aptamers
may be generated which may recognize and bind almost
any target, ranging from small molecules such as amino
acids or antibiotics, to protein and nucleic acid
structures. In preferred embodiments, aptamers
include, for example, nucleic acid binding molecules
which are preferably generated by evolution and
selection techniques. Preferably, aptamers may
comprise DNA or RNA molecules, or a combination of
both, including but not limited to the nucleotide
analogues as per, for example, Table 1 above. [ 00282
] At least one component of the MNA complex may
contain at least one aptamer or portion thereof
wherein said aptamer or portion thereof binds a ligand
selected from the group comprising nucleic acids,
polypeptide, peptide, entire organisms, proteins, 



glycoproteins, lipids, lipoproteins, cells, viruses,
bacteria, archaea, fungi, antibodies, metabolites,
pathogens, toxins, contaminants, poisons, small
molecules, polymers, metal ions, metal salts, prions
or any derivatives, portions or combinations thereof,
or any other entity. [ 00283 ] An apta-MNAzyme, for
example, with either cleavage or ligase activity may
incorporate one or more aptamers. The assembly of the
apta-MNAzyme may therefore be directed by the presence
or absence of one or more analytes which bind the
aptamer and cause dissociation of an assembly
inhibitor. [ 00284 ] One skilled in the art will
appreciate that one or more aptamers may be
incorporated into either end of the assembly
facilitator molecule or molecules, and or the activity
inhibitor. Further it will be appreciated that
multiple aptamers could be incorporated into one or
more of the partzyme oligonucleotide components. Still
further it will be appreciated that aptamers could
also be incorporated into at least one of the partzyme
oligonucleotide components. The assembly facilitator
in the strategies illustrated in Figure 7 can comprise
DNA, RNA, LNA, PNA or a sequence containing one or
more nucleotide base analogues. One skilled in the art
would appreciate that it could be possible to
recognise two molecules, for example, one target
nucleic acid acting as the assembly facilitator, and
one ligand which binds the aptamer.[ 00285 ] In the
strategy shown in Figure 7, an aptamer sequence is
incorporated at the end of a partzyme (apta-partzyme)
in a configuration whereby an active apta-MNAzyme is
only formed in the presence of the activator. [ 00286
] It will also be appreciated by one skilled in the
art that one or more aptamers could be incorporated
into any of the oligonucleotide components, including
the partzymes, the assembly facilitator, activity
inhibitor or the substrate. Further the aptamer could
be incorporated into either end of any one of these
oligonucleotides. [ 00287 ] The strategy illustrated
in Figure 7 can be used either (i) to provide a method
to control apta-MNAzyme activity using ligands as
activator molecules, and/or (ii) to provide a method
for detection of non-nucleic acid, and nucleic acid
targets using apta- MNAzymes. Further, the
apta-MNAzyme could be the first nucleic acid enzyme in
a cascade reaction designed to detect a range of
ligand targets. The nucleic acid oligonucleotides
required for one schema for apta-MNAzyme detection
strategy include; a) a partzyme; b) an apta-partzyme
which is a partzyme with an aptamer incorporated into
one of its ends; c) an assembly facilitator which is
an oligonucleotide which binds to both the
aptapartzyme and the partzyme enabling assembly of an
active MNAzyme; d) a substrate e.g. a reporter
substrate; and e) an assembly inhibitor
oligonucleotide which hybridises to the apta-partzyme
in a region which spans at least part of the aptamer
sequence and part of the substrate binding arm of the
apta-partzyme sequence. [ 00288 ] In the absence of an
activator ligand (Figure 7; left hand panel), the
assembly inhibitor oligonucleotide binds to the
apta-partzyme thus competing with and blocking binding
of the reporter substrate. When an activator ligand is
present (Figure 7; right hand panel), it binds to the
aptamer sequence of the apta-partzyme, blocking the
binding of the assembly inhibitor oligonucleotide, and
thus allowing assembly of an active apta- MNAzyme
complex and and subsequent modification, for example
cleavage of the substrate (as illustrated in Figure 7)
or ligation of substrates. As such, an active
aptaMNAzyme complex can only form and cause
fluorescent signal generation in the presence of
activators or ligands that can bind an aptamer portion
of an apta-partzyme. [ 00289 ] In a further embodiment
of the apta-MNAzyme schema illustrated in Figure 7 the
system could be used to simultaneously detect a
combination of nucleic acid and nonnucleic acid
molecules. By way of example, the apta-MNAzyme may be
used to detect the presence of (i) a nucleic acid
target, which functions as an assembly facilitator and
directs the formation of the apta-MNA complex, and
(ii) a target activator ligand (e.g. a protein or
small molecule) which could displace the assembly
inhibitor oligonucleotide and allow assembly of an
active apta-MNAzyme complex and subsequent substrate
modification. [ 00290 ] In another strategy using an
apta-MNAzyme with ligase activity, at least two
ligatable substrates could be present in the reaction,
one of which could be labelled with a fluorophore and
the other of which could be labelled with a quencher.
When an activator ligand is present, it would bind to
the aptamer sequence of the apta-partzyme, blocking
the binding of the assembly inhibitor oligonucleotide,
and thus allowing binding and ligation of the
substrates. As such, apta-MNAzyme complexes could only
form and cause a decrease in fluorescent signal in the
presence of activators that can bind aptamers. [ 00291
] In some embodiments, modulation of MNAzyme activity
can be achieved using either a nucleic acid or a
non-nucleic acid target activator ligand as a switch
mechanism. In other embodiments, the assembly
inhibitor molecule is manipulated by other means so as
to modulate activity. For example, the assembly
inhibitor could be removed by several strategies
including selective thermal denaturation or methods
that use oligonucleotides to compete for binding
and/or displacer olignucleotides that use branch
migration to displace oligonucleotide components of
MNA complexes. [ 00292 ] It would be appreciated by
one skilled in the art that the aptamer sequences for
an apta-MNAzyme with modifying activity, for example
cleavage or ligation activity, could be appended to
either partzyme A or partzyme B or both. In the schema
above, the assembly inhibitor oligonucleotide bound to
portions of the aptamer and the substrate arm of at
least one of the partzymes.[ 00293 ] It would also be
appreciated by one skilled in the art that the aptamer
sequences for an apta-MNAzyme could be appended to the
sensor arms of at least one of either partzyme A or
partzyme B or both. In this embodiment the assembly
inhibitor oligonucleotide would bind to portions of
the aptamer and the sensor arm. In the absence of an
activator ligand, the assembly inhibitor
oligonucleotide binds to the apta-partzyme thus
competing with and blocking binding of an assembly
facilitator, or assembly facilitator component. When
an activator ligand was present, it would bind to the
aptamer sequence of the apta-partzyme, blocking the
binding of the assembly inhibitor oligonucleotide, and
thus allowing binding of the assembly facilitator or
assembly facilitator component and directing assembly
of an active apta-MNAzyme capable of modifying, for
example cleaving or ligating, the substrate or
substrates. As such, apta- MNAzymes could only form
and cause a change in fluorescent signal, for example
an increase or decrease in fluorescence, in the
presence of activators that can bind aptamers. [ 00294
] When the apta-MNAzyme has cleavage activity as
illustrated in Figure 7 then the modification can
cause for example an increase in fluorescence by
cleavage of a dual labelled reporter substrate which
results in separation of a fluorophore/quencher dye
pair. [ 00295 ] It would be appreciated that the
modification performed by an apta- MNAzyme could be a
modification other than cleavage, for example,
ligation of two substrates. In this case the signal
change could be, for example, a decrease in
fluorescence following ligation of two ligatable
substrates each labelled with either the fluorophore
or the quencher of a fluorophore/quencher dye pair. [
00296 ] This apta-MNAzyme approach could also be used
to develop target detection methods or molecular
switches that can turn on and off the catalytic
activity of the MNA complex. Further, the apta-MNAzyme
approach may comprise the first step in a linear
nucleic acid enzyme cascade or a feedback nucleic acid
enzyme amplification cascade. The apta-MNAzyme could
also be applied to simultaneous detection of both
nucleic acid targets such as assembly facilitator and
non-nucleic acid target ligands such as those which
can bind to aptamers.8. Cascades [ 00297 ] Cascades
are any succession of processes or operations that
occur in successive stages, wherein the occurrence of
each stage is typically dependent on the occurrence of
a preceding stage. In a linear cascade, stages (or
reaction steps) occur in one direction and the
occurrence of each stage (or step) is dependent on the
occurrence of a preceding stage or step. In feedback
cascades or feedback amplification cascades there may
be a succession of processes or operations that occur
in successive stages, wherein the occurrence of each
stage is typically dependent on the occurrence of a
preceding stage and whereby the occurrence of a
preceding stage further depends on processes or
operations that occur in subesequent stages. In
feedback cascades, the product of any preceding stage
could serve as a component or substrate for any
subsequent stage and the product of any subsequent
stage could serve as a component or substrate for any
preceding stage. [ 00298 ] A cascade may therefore
include, but is not limited to, an enzymatic cascade
or any other signal transduction cascade. In some
embodiments, a cascade may comprise amplification of a
signal resulting from catalytic activity of an
MNAzyme. In some embodiments, a cascade may comprise
amplification of a signal resulting from catalytic 



activity of an MNAzyme with cleavage activity. In some
embodiments, a cascade may comprise amplification of a
signal resulting from catalytic activity of an MNAzyme
with ligase activity. In some embodiments, a cascade
may comprise amplification of a signal resulting from
catalytic activity of DNAzymes or MNAzymes with ligase
activity and DNAzymes or MNAzymes with cleavage
activity. In preferred embodiments, such an
amplification cascade may involve repeated and
therefore cyclic amplification of a signal, wherein
catalytic activity of a first nucleic acid enzyme
creates a molecule required for modification of a
substrate(s) by a second nucleic acid enzyme, which
can in turn create a molecule required for
modification of a substrate(s) by one or more
additional nucleic acid enzymes. In some embodiments,
the required molecule may include but is not limited
to a partzyme, a nucleic acid enzyme, for example a
DNAzyme, an assembly facilitator, an assembly
facilitator component, a substrate, a stabiliser arm,
a portion or component thereof or a combination
thereof. In some embodiments, a cascade may therefore
involve production of a cumulative effect, and thus
detect a target of lowabundance by generating a signal
to a level at which it may be detected. Cascades may
be employed to amplify a signal, for example, in
applications where an input event is of low intensity,
for example when a target is in low abundance, and may
not otherwise provide for a output signal that is
detectable. In other embodiments, more than two
catalytic stages may be employed. The cascade may be
linear. In a preferred embodiment, the cascade may be
exponential. [ 00299 ] In linear cascades (e.g. as
illustrated in Figure 9, 12, 15), each step in the
cascade employs a nucleic acid enzyme, some or all of
which may be undergoing multiple turnover whereby a
single nucleic acid enzyme (e.g. a DNAzyme or MNAzyme)
may perform multiple cleavages or ligations or other
modifications at one or more steps in the cascade.
Multiple turnover may facilitate amplification at one
or more steps in the cascade resulting in
amplification of the signal detected during the
detection step(s). [ 00300 ] Further, an extension of
the linear cascade could result in a feedback
amplification cascade. If, for example, the sequence
of a product of a third nucleic acid enzyme was the
same as a product of a first nucleic acid enzyme then
the said product of the third nucleic acid enzyme
could also serve as a molecule permitting a second
nucleic acid complex to function as a second nucleic
acid enzyme and a feedback amplification cascade could
be initiated. In this reaction the third nucleic acid
enzyme would constantly generate a product which could
in turn serve as a molecule permitting a second
nucleic acid complex to function as a second nucleic
acid enzyme thus allowing the creation of more product
by the second nucleic acid enzyme that could permit
the third nucleic acid complex to function as a third
nucleic acid enzyme. It is envisaged this strategy
could provide a mechanism for feedback signal
amplification following initiation of a reaction by an
assembly facilitator (eg a target analyte) which could
allow assembly of a first nucleic acid enzyme. The
strategy could allow detection of assembly
facilitators (eg target analytes) followed by signal
amplification using for example, a DNAzyme (or
MNAzyme) which could ligate substrates and MNAzymes
which could cleave a substrate. One possible feedback
cascade is illustrated in Figure 16. Other variations
of this schema are described throughout the
specification.[ 00301 ] Persons skilled in the art
will appreciate that the methods described herein may
be used to perform a cascade as herein defined. It
will be also be appreciated by one skilled in the art
that other strategies based on Figures 9, 12, 15 and
16 could involve modification of at least one
substrate by at least one MNAzyme by a variety of
means including, for example cleavage or ligation.
Unlike target amplification techniques such as the
polymerase chain reaction, or the ligase chain
reaction, linear and feedback nucleic acid enzyme
(DNAzyme and MNAzyme) cascades allow amplification in
formats that require no protein enzymes to facilitate
the process. This provides a major advantage over
these commonly used target amplification protocols.
Further, the ability to control and regulate the
catalytic activity of MNAzymes using several
oligonucleotide components, such as stabiliser arm
components or assembly facilitator components allows
the assembly of MNAzymes to be tightly regulated by
conditions and components in the microenvironment.
Persons skilled in the art will appreciate that the
cascades described herein may be initiated by
formation of an active MNAzyme or apta- MNAzyme as
herein defined. [ 00302 ] An additional tool useful in
MNAzyme cascade reactions is the use of displacer
oligonucleotides. Displacer oligonucleotides can bind
to single stranded regions within a DNA complex which
has both single stranded and double stranded regions.
When the displacer binds the single stranded region of
an oligonucleotide (e.g. Oligo 1) it can displace the
strand or strands complementary to Oligo 1 (e.g.
cOligol) within the double stranded regions provided
the displacer has the same sequence as the cOligo 1
within the double stranded regions. This can result in
a new double stranded structure being formed between
the displacer oligonucleotide and Oligo 1 and can
cause the release of cOligo 1 as a single stranded
oligonucleotide. [ 00303 ] This strategy could be
useful in MNAzyme cascade reactions. For example, a
ligated product bound to an MNAzyme ligase has several
non paired bases (a single stranded region) between
the double stranded regions formed by complementarity
between the substrate arms of the partzymes and the
substrates. If a displacer oligonucleotide with
complementarity to the substrate (Oligo 1) binds to
the single stranded region of the substrate it could
displace the complementary partzyme sensor arms (e.g.
cOligola and cOligo Ib) by branch migration and
separate the partzymes fromthe ligated product. As
such, this could increase the turnover of the ligase
enzyme. The process would result in a double stranded
molecule comprising the displacer and the ligated
product. However if the ligated product were required
for a subsequent step in the reaction, for example, if
it were to act as an assembly facilitator for a
subsequent MNAzyme, then it would be necessary to
separate the ligated product from the displacer. If
the displacer oligonucleotide was shorter than the
ligated product then this would result in single
stranded regions at the termini of the duplex formed
by the displacer oligonucleotide and the ligation
product. In the next step, the partzyme sensor arm
could bind to these single stranded regions and remove
the displacer oligonucleotide by branch migration thus
resulting in a new MNAzyme assembled with partzymes
(which themselves would have functioned as displacer
oligonucleotides in this instance) and ligated product
(now functioning as an assembly facilitator). [ 00304
] Many variations on the strategy are useful in
cascades. For example, with reference to Figure 4
(left hand panel) a displacer could be used to remove
the activity inhibitor by binding to the activity
inhibitor domain of the activity inhibitor and
displace it by branch migration such that the partzyme
sensor arm would be rendered single stranded and thus
available for binding of an assembly facilitator
component. [ 00305 ] MNAzyme cascade reactions could
be applied to a range of biotechnological
applications, especially in diagnostics, but also in
other areas such as medical, veterinary, agricultural,
food technology, imaging and anti-bioterrorism
applications. They could allow detection of proteins
and nucleic acids for disease diagnosis, especially so
if they facilitate signal amplification. Catalytic
nucleic acids and/or cascade reactions can be used for
applications other than diagnostics, for example,
within the field of computation analysis and
biomolecular engineering of nano-scale devices and
molecular switches which may be used in therapeutics.
[ 00306 ] MNAzymes offer advantages over DNAzymes for
use in various cascades. DNAzymes can only recognize
one molecule which is both its target and the
substrate. While the DNAzyme target/substrate(s) can
be considered to provide the "input" and the enzyme
product (modified target/substrate(s)) can be
considered the "output" the DNAzyme is limited in its
ability to transduce more complex processes in
cascades sinceboth the input and output are merely
alternate (modified and unmodified) forms of the same
target substrate(s) molecule(s). Further, catalytic
modification, for example cleavage, can destroy the
DNAzyme's target/substrate and as such the target is
not available for another round of recognition. In
contrast a single MNAzyme, for example an MNAzyme with
cleavage activity, can recognize at least two
molecules, namely at least one assembly facilitator
and at least one substrate. An assembly facilitator,
for example a target nucleic acid present in a sample,
would not be catalytically modified in the reaction
and would remain available for further rounds of
substrate modification by the MNAzyme. Further, a
single MNAzyme which can act on two substrates (e.g.
an MNAzyme with ligase activity) can recognize at
least three molecules, namely at least one assembly
facilitator and at least two substrates. These
properties of MNAzyme complexes make them useful in
processes such as in cascade reactions which may
involve input (e.g. a molecule which permits a nucleic
acid complex to function as a nucleic acid enzyme) and
output (e.g. a molecule which is produced and permits
a subsequent nucleic acid complex to function as a
nucleic acid enzyme). Further, these properties of
MNAzyme complexes make them highly suited to use in
processes that require the multiple components to be
able to "read" (recognise) an "input" signal (e.g. a 



molecule which may be a target assembly facilitator or
an MNA complex component) and "write" an "output"
signal (e.g. to recognise an input and act on a
molecule to provide an output; e.g. to recognise an
input and modify a substrate to create a new reaction
product useful in a subsequent step). The properties
of MNAzymes and MNAzyme complexes are useful in one
step processes (e.g. detection of a target) and also
in, for example, systems employing cascades, logic
gates and other processes. MNAzyme complexes provide a
mechanism for transduction of complex information, for
example, to receive an input signal and respond with
an appropriate output response. As highlighted
throughout this specification, DNAzymes may still be
useful in cascades. Some examples include production
of a DNAzyme or a substrate for a DNAzyme complex by a
preceding nucleic acid enzyme such as an MNAzyme.
MNAzyme ligases are particularly useful in making, for
example, new DNAzymes. As such the "output"
information of one nucleic acid enzyme generated by,
for example ligation or cleavage by an MNAzyme can
provide an "input" for the next nucleic acid enzyme
complex forexample by creating a new DNAzyme or
substrate, which can participate in the formation of a
DNAzyme complex useful in a following, and /or
preceding reaction stage. [ 00307 ] An exemplary
mechanism for generating a linear cascade using an
MNAzyme and a nucleic acid enzyme with ligase activity
in a format designed for target detection is depicted
in Figure 9. This figure also describes a general
method for target detection. This method relies on a
DNAzyme with ligase activity (DNAzyme ligase) to
control the assembly of a partzyme for one MNAzyme
from at least one of the products of the catalytic
activity of one other MNAzyme. [ 00308 ] The strategy
of Figure 9 uses a combination of MNAzymes with
cleavage activity and a DNAzyme with ligase activity.
In step (i) an assembly facilitator, for example a
target nucleic acid, can direct the formation of a
first MNAzyme A. MNAzyme A can cleave a substrate A
thus generating a 5'cleavage product A which can in
rum be used as a substrate for a DNAzyme ligase B. In
step (ii) a DNAzyme ligase B can ligate the 5'
cleavage product A (also referred to as 5' substrate
B) generated in step (i) to another oligonucleotide,
3' ligation substrate B, thus creating a new partzyme
for an MNAzyme C. In step (iii) the new
partzyme/ligation product generated in step (ii)
together with another partzyme can form a new MNAzyme
C in the presence of assembly facilitator C which can
cleave a substrate C into two products, 5'product C
and 3' product C. A detectable signal can be generated
following cleavage of substrate C if this substrate
were labelled, for example, with a fluorophore and
quencher dye pair. This cascade provides a mechanism
for signal amplification following initiation of a
reaction by an assembly facilitator (eg a target
analyte) which allows assembly of MNAzyme A. In this
linear cascade format, each step employs a nucleic
acid enzyme, some or all of which may be undergoing
multiple turnover whereby a single nucleic acid enzyme
(e.g. a DNAzyme or MNAzyme) may perform multiple
cleavages, ligations or other modifications at one or
more steps in the cascade. Multiple turnover may
facilitate amplification at one or more steps in the
cascade resulting in amplification of the signal
detected during one or more steps.[ 00309 ] Another
mechanism for generating an MNAzyme cascade in a
format designed for target detection is depicted in
Figure 12. This figure also describes a general method
for target detection. This method relies on a
combination of MNAzymes with ligase and cleavage
activity. The MNAzyme ligase controls the assembly of
a partzyme for one MNAzyme cleaver from at least one
of the products of the catalytic activity of one other
MNAzyme cleaver. [ 00310 ] In step (i) an assembly
facilitator A, for example a target nucleic acid, can
direct the formation of a first MNAzyme A. MNAzyme A
can cleave a substrate A thus generating a 5'cleavage
product A which can in turn be used as a substrate for
a MNAzyme B which has ligase activity. In step (ii) an
MNAzyme ligase B (formed by the partzyme components of
MNAzyme B in the presence of assembly facilitator B)
can ligate the 5' cleavage product A (also referred to
as 5' substrate B) generated in step (i) to another
oligonucleotide, 3' substrate B, thus creating a new
partzyme for an MNAzyme C. In step (iii) the new
partzyme/ligation product generated in step (ii)
together with another partzyme can form a new MNAzyme
C in the presence of assembly facilitator C which can
cleave a substrate C into two products, 5'product C
and 3' product C. A detectable signal can be generated
following cleavage of substrate C if this substrate
were labelled, for example, with a fluorophore and
quencher dye pair. [ 0031 1 ] Further in the context
of Figures 9 and 12 if the sequence of 5' product C
were the same as 5' product A then this product could
also serve as a 5' substrate B and a feedback
amplification cascade could be initiated. In this
reaction, MNAzyme C would constantly generate a 5'
substrate B which could in turn be ligated by the
nucleic acid enzyme ligase (DNAzyme B in Figure 9 or
MNAzyme B in Figure 12) to create more partzymes for
formation of more MNAzyme C. This strategy could
provide a mechanism for feedback signal amplification
following initiation of a reaction by an assembly
facilitator (eg a target analyte) which allows
assembly of MNAzyme A. These feedback cascade
strategies could allow detection of assembly
facilitators followed by signal amplification using
multiple types of nucleic acid enzymes, for example,
DNAzyme ligases or MNAzyme ligases in combination with
MNAzymes which can cleave a substrate (MNAzyme
cleavers). It will be recognised that this kind of
feedback cascade could be used in combination with
other strategies described throughout the
specification.It would be appreciated that there are
many variations that could be applied to cascades
which follow a strategy similar to those demonstrated
in figures 9 and 12. For example, the ligase could be
used to create ligation products which serve as for
example, assembly facilitators for another MNAzyme
with cleavage, ligase or other enzymatic activity. [
00312 ] An example of one possible cascade following a
strategy similar to Figures 9 and 12 would be where
two or more MNAzymes are responsive to different
assembly facilitators (e.g. targets) and could be used
in a reaction, with each modification reaction
catalysed by each MNAzyme providing a different
modification product (e.g. a cleavage or ligation
product) which could be used to participate in a
following reaction. By way of example, with reference
to the cascades of Figures 9 and 12, two or more
initial MNAzymes responsive to different assembly
facilitators (e.g. targets) could be used to provide
different modified products which could participate in
forming a corresponding number of MNA ligase complexes
that can function as nucleic acid enzymes with ligase
activity in the next step of the reaction. The nucleic
acid ligases could then make various elements for the
MNAzyme C reaction, such as an assembly facilitator C,
a partzyme A, B, or components thereof. So, for
example, one ligase reaction driven by the product of
one initial MNAzyme could make an assembly facilitator
C for MNAzyme C and another ligase reaction driven by
the product of another initial MNAzyme could make a
partzyme for MNAzyme C. In such an example, the assay
could be arranged such that only when both targets are
present to drive both of the ligase reactions and
hence make both the assembly facilitator and the
partzyme, then MNAzyme C is assembled and cataytically
active. This would be a mechanism for detection of
multiple targets. Only in the presence of the required
number of targets would all the required elements of
MNAzyme C be available to modify the substrate C. In
this example, the added elements of the reaction mix
would be tailored according to how many MNAzyme C
elements are made by virtue of recognition of the
original targets. So, for example, if two targets were
monitored and this in turn drives reactions which
result in creation of an assembly facilitator C and
partzyme A for MNAzyme C, then only the component
partzyme B for MNAzyme C and the substrate C would
need to be present to allow the formation of MNAzyme C
complexes and the third step in the reaction to
proceed.[ 00313 ] Similarly, one or more assembly
facilitators (e.g. targets) could be detected and feed
a number of different elements into one subsequent
(e.g. ligation) step. For example, with reference to
figure 9, one initial reaction could provide the 5'
ligase substrate and another initial reaction could
produce the 3' ligase substrate. Alternatively, in
another example similar to Figure 12, one initial
MNAzyme cleaver could produce the 5' ligase substrate
for MNAzyme B and one initial MNAzyme ligase could
create a partzyme for MNAzyme ligase B. Only when both
products are available to participate in the formation
of a MNAzyme complex will the ligase substrates be
modified and the cascade reaction continue. It will be
understood that the different assembly facilitators
(e.g. targets) used in such strategies may comprise
different molecules or different sequences within one
molecule, or a combination. For example, three
different SNPs within one molecule could be detected
by three different MNAzymes. [ 003 14 ] It will be
recognised that there are many other variations to
this strategy. The general concept of using multiple
targets to provide a number of different elements to a
reaction which are all required for the reaction to
proceed is applicable in many reactions and cascades.
The number of targets that are detected can vary e.g.
two or more targets may be detected. It could be
applied to one or many steps of a cascade. It could
also be 



applied "directly" by providing a component or
components for the next step in the cascade, or
"indirectly" by allowing a reaction later in the
cascade to occur, or various combinations thereof. So,
for example, one MNAzyme directed by one target could
provide a molecule required for the next reaction and
another MNAzyme directed by another target could
provide a product required for the next or other
following reaction. It would be obvious that other
variations may also apply. It would be obvious that
this strategy can also be applied to enzymes which
effect different modifications (e.g cleavage or
ligation) as described above. In addition various
combinations of products made by a varying number of
nucleic acid enzymes responding to various numbers of
targets are possible, which include but are not
limited to, partzymes, assembly facilitators and other
MNA complex components. A number of nucleic acid
enzymes responding to a number of targets may produce
one or more components of an additional nucleic acid
enzyme or nucleic acid enzyme complex or may produce
all the components of an additional nucleic acid
enzyme or nucleic acid enzyme complex.[ 003 15 ]
Another example of a cascade reaction which uses
nucleic acid enzymes which can cleave substrates,
together with nucleic acid enzymes which can ligate
substrates is illustrated in Figure 15. In this
example the process of ligation results in the
generation of a new assembly facilitator. In step (1)
the MNAzyme cleaver 1 assembles only in the presence
of an assembly facilitator (e.g. a target nucleic
acid) and then cleaves MNAzyme substrate 1 releasing a
5' cleavage product with a 2', 3' cyclic phosphate
terminus. In step (2) a DNAzyme ligase (or an MNAzyme
ligase) ligates the 5' cleavage product from step (1)
to a 3' ligation substrate thus creating a ligation
product which can serve as an assembly facilitator for
another MNAzyme cleaver 2. In step (3) the assembly
facilitator formed by ligation in step (2) directs the
assembly of partzymes which form MNAzyme cleaver 2
which can cleave substrate 2 into two products, a 5'
cleavage product with a 2', 3' cyclic phosphate
terminus and 3' cleavage product. A detectable signal
can be generated following cleavage of substrate 2 if
this substrate were labelled, for example, with a
fluorophore and quencher dye pair. Similar to the
linear versions of the cascades illustrated in Figure
9 and 12, each step in the cascade in Figure 15
employs a nucleic acid enzyme, some or all of which
may be undergoing multiple turnover whereby a single
nucleic acid enzyme (e.g. a DNAzyme or MNAzyme) may
perform multiple cleavage or ligation or other
modifications at one or more steps in the cascade.
Multiple turnover may facilitate amplification at one
or more steps in the cascade resulting in
amplification of the signal detected during one or
more step(s). [ 003 16 ] Further, an extension of the
linear cascade illustrated in Figure 15 could result
in a feedback amplification cascade. If the sequence
of the 5' cleavage product of MNAzyme cleaver 2 were
the same as the 5' cleavage product of MNAzyme cleaver
1 then the 5' cleavage product of MNAzyme cleaver 2
could also serve as a 5' substrate for the DNAzyme
ligase (or MNAzyme ligase) and a feedback
amplification cascade reaction could be initiated. In
this reaction MNAzyme cleaver 2 would constantly
generate 5' cleavage products which could in turn
serve as a substrate for ligation by the DNAzyme
ligase (or MNAzyme ligase) thus allowing the creation
of more assembly facilitators that could direct the
assembly of more MNAzyme cleaver 2. It is envisaged
this strategy could provide a mechanism for feedback
signal amplification following initiation of a
reaction by an assembly facilitator (eg a target
analyte) which could allowassembly of MNAzyme cleaver
1. The strategy could allow detection of assembly
facilitators (eg target analytes) followed by signal
amplification using a DNAzyme (or MNAzyme) which can
ligate substrates and MNAzymes which can cleave a
substrate. Other variations of this schema are
described throughout the specifications. [ 00317 ]
Another exemplary method for generating a feedback
cascade reaction using two types of nucleic acid
enzymes namely nucleic acid enzymes which can cleave
substrates, and nucleic acid enzymes which can ligate
substrates is proposed in Figure 16. Figure 16 is but
one of a number of variations of this general
strategy. In step (1) the MNAzyme cleaver 1 assembles
only in the presence of an assembly facilitator (e.g.
a target nucleic acid) and then cleaves MNAzyme
substrate 1 releasing a 5' cleavage product with a 2',
3' cyclic phosphate terminus and a 3' waste product.
In step (2) the DNAzyme ligase (or MNAzyme ligase)
ligates the 5' cleavage product from step (1) to a 3'
ligation substrate thus creating a ligation product
which can serve as an assembly facilitator for an
MNAzyme cleaver 2. In step (3) the assembly
facilitator formed by ligation in step (2) directs the
assembly of partzymes to form MNAzyme cleaver 2 which
can cleave substrate 2 into two products, a 5'
cleavage product with a 2', 3' cyclic phosphate
terminus and 3' cleavage product. A detectable signal
can be generated following cleavage of substrate 2 if
this substrate were labelled, for example, with a
fluorophore and quencher dye pair. Further, if the
sequence of one of the cleavage products of MNAzyme
cleaver 2 were useful as an assembly facilitator
component for an MNAzyme cleaver 3 this could
facilitate a feedback cascade. In this case, MNAzyme
cleaver 3 may have different sensor arms than MNAzyme
cleaver 1 but would require at least one substrate arm
in common with MNAzyme cleaver 1 in order to provide
at least the same 5' ligation substrate to participate
in the ligase reaction of step (ii). (In Figure 16,
given it is the same substrate as MNAzyme cleaver 1
(substrate 1), the substrate arms will be the same for
MNAzyme cleavers 1 and 3.) In step 4 an MNAzyme
cleaver 3 could assemble in the presence of an
assembly facilitator component generated by cleavage
by the MNAzyme cleaver 2. Further, MNAzyme cleaver 3
could cleave a substrate and generate a 5' cleavage
product which could be the same as the 5' cleavage
product produced by cleavage of substrate 1 by MNAzyme
cleaver 1. In turn, this product could also serve as a
5' substrate for the DNAzyme (or MNAzyme) ligase and a
feedbackamplification cascade reaction could be
initiated. In this reaction MNAzyme cleaver 3 would be
constantly generating 5' cleavage product which in
turn could serve as a substrate for ligation by the
DNAzyme (or MNAzyme) ligase to create more assembly
facilitators that could direct the assembly of more
MNAzyme cleaver 2. MNAzyme cleaver 2 could then
produce more assembly facilitator components for more
MNAzyme cleaver 3 and a feedback cascade would be
created. This strategy could provide a mechanism for
feedback signal amplification following initiation of
a reaction by an assembly facilitator (eg a target
analyte) which directs assembly of MNAzyme cleaver 1.
The strategy would allow detection of assembly
facilitators (eg target analytes) followed by signal
amplification using a DNAzyme (or MNAzyme) which could
ligate substrates and MNAzymes which could cleave
substrates. [ 003 18 ] It will be understood that
while a number of the above examples refer to use of a
5' cleavage product as a ligation substrate in a
subsequent reaction, that it would also be possible to
use a 3' cleavage product as a ligation substrate in a
subsequent reaction, or both. Additionally, either a
5' or 3' cleavage product, or both, could be used as a
component of a subsequent or preceding nucleic acid
enzyme complex. It would also be understood that
ligatable substrates may have different termini
depending on the ligase used. For example, in addition
to 2'3' cyclic phosphate and 5' hydroxyl termini, they
may have, for example, 2'3' diol termini and 5'
triphosphate termini (see Table 4). MNAzymes with
cleavage activity can be selected based on the linkage
to be cleaved. [ 00319 ] In further variations of this
and other examples in the specification, the DNAzyme
(or MNAzyme) with ligase activity could ligate
fragments and form a DNAzyme capable of cleaving
substrate 2 to create an assembly facilitator or other
component for another MNAzyme (labelled as MNAzyme
cleaver 3 in Figure 16). As such, in this variation
MNAzyme cleaver 2 could be replaced with a DNAzyme
cleaver. In another exemplary strategy the DNAzyme (or
MNAzyme) ligase could ligate fragments and create a
new partzyme capable of associating with another
partzyme and an assembly facilitator present in the
reaction thus forming an MNAzyme cleaver 2 which could
cleave substrate 2 to create an assembly facilitator
component for an MNAzyme 3. Other variations on this
scheme are possible and are described elsewhere in the
specification.[ 00320 ] The skilled addressee will
appreciate that a number of alternative MNAzyme
complexes are possible and may be used in cascades.
Several of these designs are illustrated in Figure 6
where some examples of active MNAzyme complexes are
shown in Panels A to D. These structures are all
capable of forming catalytically active enzymes, which
can modify (e.g. cleave) substrate (S). The
illustration contains schemes for MNAzymes, which
include one assembly facilitator Fl (panel A), two
assembly facilitator components Fl and F2 (panels B
and D) or three assembly facilitator components Fl, F2
and F3 (panel C). The example shown in panel A
includes sensor arms with self complementary regions
within the partzyme sensor arms. MNAzymes may also
include one or more stabilising arms (sA) as shown in
panel D. Variations in one panel could be used in
combination with a variation in another panel. [ 00321
] The skilled addressee will appreciate that a number
of cascades are demonstrated throughout the
specification. It will also be appreciated that the
cascades are modular in nature and thus numerous
variations to the cascades are possible. Table 3, 



below provides a non-exhaustive list of possible
variations. The skilled addressee will realise that
other variations are possible and are included within
the scope of the invention. Table 3. Some possible
cascades using combinations of MNAzymes or MNAzymes
and DNAz mes.Method for forming a pattern on a
substrate and electronic device formed thereby Cross
References to Related Applications This application
claims the priority of European patent application 07
007 990.0, filed on April 19, 2007, the disclosure of
which is incorporated herein by reference in its
entirety. Technical Field The invention relates to a
method for forming a pattern on a substrate and to an
electronic device formed thereby. The electronic
device may in particular be an organic electronic
device. Background Art For forming patterns in
structures in the micrometer and sub-micrometer range
for electronic and micro technology applications
usually methods relying on electron beam, X-ray, ion
beam and optical lithography are employed. With these
lithographic methods a resolution of 1 micrometer or
better can be achieved. The methods are based on a
step-and-repeat process and are thus not compatible
with continuous in-line manufacturing. At the moment,
a throughput of 10 3 m2/s, which corresponds to 50
1OOO 300 millimeter wavers per month, can be achieved
with these lithographic methods, the required
equipment being rather expensive. Traditional high-
throughput print technologies such as offset,
flexography, and gravure - a type of intaglio print
process - have been employed for patterning and
forming electronic circuits . Offset printed
transistors have been reported in Y . Mikami,
IEEETransactions on Electron Devices 41, 306 (1994)
and by D . Zielke et al , Applied Physics Letters 87,
123508 (2005), for example. Transistors structured by
flexographic printing have been reported by T . Makela
et al ., Synthetic Metals 153, 285 (2005) . An
intaglio print process is disclosed in WO 2004/021751
Al. Processes employing these print technologies offer
a throughput of several m2/s but their resolution is
currently limited to 20 micrometers or more, which is
usually not sufficient for electronic applications.
Another known method for forming patterns with
nanometer resolution on a substrate is the so-called
nanoimprint lithography (NIL) (e.g. US 5,772 905 A ) .
Nanoimprint lithography is a process wherein a mould
is pressed into an imprint polymer. Nanoimprint
lithography allows in principle for parallel,
arbitrarily complex patterning with less than 10
nanometer resolution. The imprinted polymer layer is
usually used as an etch resist in a subsequent process
step and the pattern is transferred into an underlying
layer by etching. Typically, the mould has to be
reconditioned or even replaced after a fairly limited
number of imprint processes. Furthermore, during the
imprint process, material is usually flowing from the
raised regions of the pattern to the mould's recesses.
Depending on the pattern to be imprinted as well as
the imprint material, the process time of nanoimprint
lithography might be quite large. Solid-state
embossing is another known method for forming a
pattern on a substrate. It is a nonlithographic
patterning technique that is often used for
manufacturing diffraction gratings, compact discs, and
security features such as holograms . Nanoscale
patterns may be formed. The process consists of
forcing a microcutting tool that is normally made from
silicon and comprises an array of protruding wedges
into a multilayer structure. In WO 02/29912 A l
solid-state embossing isemployed for manufacturing
electronic circuits. It can be used to "cut"
transistor channels into a single conducting layer
supported by a PET (polyethylene terephthalate)
substrate. Channel lengths of down to 12 micrometers
can be achieved. The method can also be employed for
the manufacture of vertical -channel transistors. A
vertical -channel transistor is defined such that the
source and the drain electrodes are positioned on top
of each other and the channel length is defined by the
thickness of an insulating layer. As the thickness of
the insulating layer can be well controlled even on a
sub-micrometer length-scale, vertical architectures
are highly relevant for short channel length
transistors. In N . Stutzmann et al ., Science 299,
1881 (2003) solid-state embossing is used for
controlled microcutting of vertical sidewalls into a
conductorinsulator- conductor trilayer structure.
Vertical channel transistors with channel lengths of
down to 0.7 micrometer can be generated. Solid-state
embossing is usually quite time consuming and the
employed microcutting tool has to be robust,
especially for a large-scale production facility.
Another known method for forming and patterning
high-resolution structures is so-called microcontact
printing. Microcontact printing is based on the
selective transfer of an organothiol or a silane to a
substrate using an elastomeric stamp. The areas of the
substrate that have been contacted by the raised
surfaces of the elastomeric stamp are covered with a
selfassembled monolayer of the organothiol or the
silane and can be used as etch resist in a subsequent
processing step. The resolution of the method is
mainly determined by the resolution of the elastomeric
stamp. The elastomeric stamps are usually fabricated
from poly (dimethyl) siloxane (PDMS) , polyimide, or
phenol formaldehyde polymer. Microcontact printing is
usually followed by either etching, electroless
plating(e.g. U . Zschieschang et al ., Advanced
Materials 15, 1147 (2003)), or area-selective
electropolymerisation (e.g. C . B . Groman et al .,
Chemical Materials 7 , 526 (1995)) for forming
electronic circuits. M . Leufgen et al ., Applied
Physics Letters 84, 1582 (2004) describes microcontact
printing followed by etching for forming transistors
with down to 100 nanometer channel length. WO
03/099463 A l discloses a wave printing technique for
automated patterning with microcontact printing. J .
Schellekens et al ., Materials Research Society
Symposium Proceedings EXS-2. M2 .9 .1 (2004) describes
transistors with down to 1 micrometer channel length,
which have been microcontact 



wave printed onto 150 millimeter glass wavers. E . Kim
et al ., Applied Physics Letters 80, 4051 (2002)
describes a method based on microcontact printing for
direct patterning of a metal layer. A metal layer
coated on a pre-patterned poly dimethyl siloxane stamp
is transferred to a substrate by cold welding. When
removing the stamp, the metal on the raised regions of
the stamp adheres to the substrate and a metal pattern
is formed. The inverse process where a stamp is used
to lift-off a pattern from a homogenous metal layer is
described in T . Wang et al ., Advanced Materials 15,
1009 (2003) . EP 0 953 420 A2 discloses so-called
micromoulding in capillaries (MIMIC) for patterning
polyaniline and carbon structures. A mould is put in
conformal contact with a substrate, thereby forming
microchannels . Capillary forces pull an ink solution
into the channels. Solidification by evaporation of a
solvent or thermal conversion followed by removal of
the mould completes the fabrication of the
microstructures . For micromoulding the electrode
layout must fulfil tight requirements for the ink to
actually flow by capillary forces. Because of the ink
flow and the drying step micromoulding is a comparably
slow process . US 6,946,332 B2 extends the
microcontact printing concept to nanoscale dimensions
in an additive process referred to as nanotransfer
printing. Innanotransfer printing metal structures are
directly transferred onto a substrate surface.
Patterning of features with sizes approaching 100
nanometers and an edge resolution of less than 15
nanometers is achievable. 5 WO 2004/004025 A2
discloses direct patterning of waterbased conductive
inks via a self-assembly process based on microcontact
printing. A substrate is pre-patterned into
hydrophobic and hydrophilic regions by microcontact
printing of a hydrophobic self -assembled monolayer.
When 0 applying water-based ink, it spontaneously
dewets from the hydrophobic regions, thereby forming
material free channels . Summarizingly, microcontact
printing-based methods offer a resolution of down to
below 100 s nanometers. Microcontact wave printing
allows for patterning of micron-sized features with an
overlay accuracy of more than 2 micrometers over a 150
millimeter waver (M. M . J . Deere et al ., Materials
Research Society Symposium Proceedings EXS-2. M4 .9 .1
. (2004)) . The o printing contact time for the 150
millimeter waver is reported to be 15 seconds which
corresponds to a throughput of 10 3 tn2/s, not taking
into account the stamp soaking and drying time. Ink-
jet printing is another known patterning 5 method.
Ink- jet printing is intrinsically a non-contact,
additive technique. Sacrificial resist or lift-off
layers are not required. Material is only deposited
where it is actually needed. With ink- jet printing
droplet volumes of down to 10 picoliters can be
achieved which corresponds o to a diameter of about 2
0 micrometers. Due to statistical variations of the
flight direction of the droplets and the spreading on
the substrate, the smallest features and gaps
currently attainable with ink- jet printing are about
50 and 20 micrometers, respectively. Combining ink-
jet 5 printing with other patterning techniques that
offer a resolution of below 10 micrometers, as taught
for example in WO 01/46987 A2 , may improve the
method. Here thesubstrate is pre-patterned into
hydrophobic and hydrophilic regions prior to the ink-
jet deposition. The droplets are repelled by the
hydrophobic regions and, hence, confined by their
edges. The pre-patterning into hydrophilic and
hydrophobic regions can be achieved by using self
-assembled monolayers of a perf luorinated silane (WO
2005/038881 A2) or by a direct-write process based on
laser patterning (WO 02/095805 A2) . WO 03/056641 A l
discloses furthermore a lithography- free self-aligned
ink- jet printing process, wherein a first conductive
pattern is ink- jet printed onto a substrate, the
surface of the first conductive pattern is selectively
modified to be of low surface energy by using CF4
plasma or by adding a suitable surfactant to the ink
while not modifying the surface of the substrate, and
a second conductive pattern that partially overlaps
the first conductive pattern is ink- jet printed, not
requiring precise relative alignment. The droplets of
the second conductive pattern are repelled by and flow
off the low energy surface of the first pattern and
dry with their contact line in close proximity to the
edges of the first pattern, thereby forming a small
self -aligned gap. Transistors with less than 100
nanometer channels may be obtained. US 3,134,516
discloses the use of ink- jet printed hotmelt wax as
etch resist that solidifies on contact with the
substrate. Spreading of the printed droplets can thus
be prevented. Ink- jet printed transistors with 30 to
50 micrometer channel length can be realized. Ink- jet
printing is intrinsically a serial process. Its
throughput is nowadays limited to about 0.01 m2/s.
Thermal imaging can also be used for forming patterns
on a substrate, see for example US 5,523,192 A , WO
02/070271 A2 , or WO 2004/087434 Al. Thermal imaging
is a dry, solvent-free digital printing process in
which functional materials are transfer printed, layer
bylayer, from donor sheets onto a substrate using
localized laser- induced heating. With a method based
on thermal imaging transistors with down to 5
micrometer channel length can be produced. A
resolution of less than 10 micrometers has been
achieved over areas of more than 3 m2 . The materials,
however, have to withstand high temperatures. Thermal
imaging is intrinsically a serial process and its
throughput is currently limited to about 0.002 m2/s.
Disclosure of the Invention It is an object of the
invention to provide a method for forming a pattern on
a substrate that overcomes the drawbacks of the known
methods discussed above. The method should be suitable
for employment in the fields of large-area and/or
low-cost electronics. The field of large-area
electronics, also macro-electronics, relates to
devices with electronic functionality distributed over
large areas. A backplane for a large flat panel
display, which requires a switching transistor behind
each pixel, constitutes a typical example. The field
of low-cost electronics relates to application 



areas and electronic devices for which silicon
technology is prohibitive due to cost reasons, an
example being an item level RFID (radio- frequency
identification) tag that can be used as electronic
barcode. Large-area and/or lowcost electronics require
large-area compatible and/or low- cost materials such
as hydrogenated amorphous silicon or organic
semiconductors. Furthermore, methods for forming a
pattern on a substrate are required that offer the
necessary resolution, registration accuracy,
robustness, cost-effectiveness and, in particular,
throughput to be viable for large-area and/or low-cost
electronic components. It is a further object of the
invention to provide an electronic device, in
particular an organicelectronic device, with one or
more gaps between conducting areas/layers, the size of
the one or more gaps being below lOmm , in particular
in below 5mm , preferred below 3mm and especially
preferred in the submicron range. Such an electronic
device shall, for example, be an organic photo diode
(oPD) with maximised useable photoactive area or an
organic field effect transistor (oFET) with submicron
sized channels/gaps or an organic solar cell with
pixel structure and high fill factor at the same time
. In order to implement these and still further
objects of the invention, which will become more
readily apparent as the description proceeds, a method
for forming a pattern on a substrate with an upper
surface and a lower surface is provided, which
comprises the steps of depositing a first layer on one
or more parts of the upper surface of the substrate
wherein the material of the first layer is opaque,
depositing a photosensitive layer such that part of
the photosensitive layer covers at least part of the
first layer, exposing the photosensitive layer to a
light beam, the light beam impinging on the lower
surface of the substrate under an oblique angle of
incidence, removing the exposed regions of the
photosensitive layer, depositing a second layer such
that part of the second layer covers a remaining
region of the photosensitive layer, and removing at
least a part of the remaining region of the
photosensitive layer. The first layer is not deposited
on the entire upper surface of the substrate. Hence,
openings remain. The second layer has a thickness that
allows its lifting off when removing at least a part
of the remaining region of the photosensitive layer.
The photosensitive layer is preferably deposited
directly on the at least one part of the first layer.
The oblique exposure by the light beam and the removal
of the exposed regions of the photosensitive layer
lead to an overhang of the photosensitive layerover an
edge of the first layer which is later on, among
others, covered by the second layer. Removal of the
overhang then leads also to the removal of that
particular part of the second layer that covers the
overhang. In the last step of the method according to
the invention the remaining region of the
photosensitive layer is preferably entirely removed by
dissolution. The terms "upper" and "lower" relate to
the depictions on the figure sheets. According to
another aspect of the method according to the
invention after exposition of the photosensitive layer
to a light beam and removal of the exposed region of
the photosensitive layer anisotropic plasma etching
may be applied from above the upper surface of the
substrate. Due to the overhang of the photosensitive
layer a narrow stripe along the edge of the first
layer is not exposed to the plasma and conserves its
surface condition, whereas the surface properties of
the regions of the first layer that are not covered by
the first layer and the photosensitive layer nor
shadowed by the overhang can be changed by the impact
of the plasma. Then a second layer is deposited from
above. As the surface properties of the first layer
are different for different regions due to the
anisotropic plasma etching, the second layer
preferentially finally remains on those regions to
which anisotropic plasma etching has been applied. The
used substrate is at least partially transparent to
the light beam, for which preferably UVradiation is
employed. The first layer of opaque material is non-
transparent with respect to the light beam, in
particular with respect to UV-radiation. As
photosensitive layer a photosensitive polymer, in
particular a positive photosensitive resist may be
employed. The material of the second layer does not
have to be but may be opaque .With the method
according to the invention patterns can be formed on a
substrate, the patterns comprising parallel structures
separated by parallely aligned gaps, advantageously by
gaps in the submicron range. The size of the gaps is
determined basically by two parameters, namely by the
thickness of the applied photosensitive layer (also
called photo resist layer) and by the angle of
incidence of the light beam impinging on the lower
surface of the substrate. For generating the light
beam preferably a light source (in particular an UV
light source) is used that generates parallel
light/light beams. With the method according to the
invention a resolution of down to sub-micrometer range
can be achieved. The method according to the invention
is simple and robust and is applicable in a high-
throughput rollto- roll fabrication process. Its basic
principle is maskfree photolithography. The method
according to the invention is a self -alignment
method. The term "self -alignment " refers to the use
of a pre-existing structure or pattern for the
definition of a pattern in a subsequent processing
step. Self -alignment methods are, for example, used
in CMOS technology, where the gate electrode serves as
mask during the ion implantation for forming the
source and drain electrodes, hereby reducing the
gate-to-source/- drain stray capacitance to a minimum.
M . Ando et al ., Applied Physics Letters 85, 1849
(2004) uses the gate electrode as photolithographic
mask to pattern a selfassembled monolayer via
back-substrate exposure. WO 2004/077500 A2 discloses a
one-mask photolithographic process wherein the gate
electrode is used to define a gap between source and
drain electrodes of a field effect transistor by
back-substrate exposure of a photosensitive 



layer. The known self -alignment methods relate to the
self-aligned formation of two different levels in a
multilayer system. In contrast, the method according
to the invention makes use of self -alignment for
forming apattern on one level of a stack or multilayer
system, the pattern for example consisting of
sub-micron sized gaps. The method according of the
invention can be used to fabricate an electronic
device, for example an organic photo diode (oPD) . An
organic photo diode (oPD) formed by the method
according to the invention is characterized by an
enhanced fill factor. The fill factor is defined by
the ratio of the size of the contact area/conducting
layers (so-called contact size) and the space
separating laterally contact areas/conducting layers.
A submicron gap can advantageously be realized between
the conductive layers by reproducing one edge in order
to create a parallely aligned pattern that merges with
the adjacent conductive layer. The larger the contact
size the higher is the sensitivity and the
signal-to-noise ratio of the organic photo diode. A s
an organic photo diode with a high fill factor can be
fabricated with the method according to the invention,
which is compatible with a roll-to-roll fabrication
process, an organic photo diode can be fabricated in a
roll-to-roll fabrication process. Furthermore, the
method according to the invention can be used e.g. to
fabricate an organic fieldeffect transistor (oFET)
which in particular comprises parallely aligned source
and drain electrodes, which are separated by a gap,
the gap preferably being in the submicron range.
Advantageously, no photo masks are needed for
photolithography. A s the method according to the
invention is robust and can be implemented into a high
throughput process, an organic field-effect transistor
can be fabricated by the method according to the
invention in a high throughput process, e.g. a rollto-
roll fabrication process. For the method according to
the invention no expensive equipment or manufacturing
tools are required. The method allows for a highly
parallel fabrication process and is compatible with
large-area processing. Thearea that can be processed
in parallel at a given time is only limited by the
size of the light beam. The method is also compatible
with a continuous roll-to-roll fabrication process.
The method is contact-less and hence robust against
surface defects . It offers a high resolution, which
is particularly important for logic and sensor
applications where often high switching speeds are
required. Apart from electronic applications the
method according to the invention can be used in any
fabrication process where high-resolution features or
patterns must be produced over large areas and with a
high throughput . Examples of such additional
application areas include optical components such as
filters, polarizers, gratings, diffractive lenses and
waveguides, and micro systems such as
microelectromechanical system (MEMS) sensors, MEMS
actuators and microfluidic channels. Brief Description
of the Drawings Further advantageous features and
applications of the invention can be found in the
dependent claims as well as in the following
description of the drawings illustrating the
invention. In the drawings like reference signs
designate the same or similar parts throughout the
several figures of which: Figure 1 shows a schematic
representation of the steps for forming a pattern on a
substrate in a sectional view according to the method
of the invention, Figure 2 shows the schematic
representation of Figure 1 in top view, Figure 3 shows
a schematic representation of the steps for forming a
pattern on a substrate in a sectional view according
to another aspect of the method of the invention,
Figure 4 shows transmission light microscopy images of
channels formed with a method of the invention,Figure
5 shows a scanning electron microscope image of a
channel formed by the method of the invention, Figure
6 shows a diagram depicting the measured channel
length as a function of the thickness of the
photosensitive layer and the angle of incidence of the
light beam, Figure 7 shows schematic diagrams of a
bottom-gate thin-film field effect transistor (Figure
7a) and a top-gate thin-film field effect transistor
(Figure 7b) , Figure 8 shows a diagram depicting the
electrical characteristics of a polymer field effect
transistor fabricated by using the method of the
invention, Figure 9 shows a schematic representation
of the fabrication of an organic photo diode in a
sectional view according to the method of the
invention, Figure 10 shows the schematic
representation of Figure 9 in top view, and Figure 11
shows a schematic representation of the fabrication of
an organic field effect transistor in top view and in
sectional view along a dash-dotted line of the top
view. Modes for Carrying Out the Invention Figures 1
and 2 show schematic representations of the method
according to the invention. In a first step (Figures
Ia and 2a) the first layer El of an opaque material is
deposited on the upper surface of a substrate S . The
substrate S is at least partially transparent, in
particular semi-transparent, to a light beam L , the
light beam preferably comprising or consisting of
UV-radiation which is later on needed to expose a
photosensitive layer R . The first layer El is non-
transparent to the light beam L , in particular to
UVradiation. The material of the first layer El can
forH2008/000163 14 example be an electrical conductor,
the first layer El then forming an electrode. Suitable
pattering techniques such as, for example, so called
shadow mask evaporation can be employed for forming
the first layer El into its desired shape. Preferably
additive pattering techniques, which are compatible
with roll-to-roll fabrication such as pattering
techniques including gravure and ink-jet printing, are
employed for forming the first layer El. 



In a next step a photosensitive layer R , which can
be, for example, a positive photosensitive polymer or
resist, is applied (Figure Ib) , the photosensitive
layer R preferable being of a homogeneous and thin
type. The photosensitive layer R is sensitive to the
light beam L , in particular to UV-radiation. For
applying the photosensitive layer R deposition methods
are preferred which are compatible to roll-to-roll
fabrication such as so-called roller coating and
screen printing methods, for example. The thickness of
the photosensitive layer ranges preferentially from a
few 100 nanometers to a few micrometers. After
deposition and drying, the photosensitive layer R is
exposed to a light beam L , particularly comprising
UV-radiation, through the substrate S , whereby the
light beam L impinges on the lower surface of the
substrate S under an oblique angle of incidence.
Hence, the exposure to the light beam L takes place
under a certain angle between the substrate's surface
normal and the light beam L . The first, opaque layer
El shadows or shields, respectively, the light beam L
as schematically depicted in Figure Ib. After
exposure, the photosensitive layer R is immersed in
developer, which removes the exposed region of the
photosensitive layer R . The oblique or off -normal
exposure leads to an overhang of the photosensitive
layer R over an edge of the first layer El, the edge
being opposed to the position of the light source with
respect to the centre of the first layer El (Figures
Ic and 2c) .Then, a second layer E2 is deposited such
that part of the second layer E2 covers the remaining
region of the photosensitive layer R (Figures Id and
2d) . The material of the second layer E2 can be an
electrical conductor such that the second layer E2
constitutes an electrode. A thin film is preferably
used as second layer E2 . The same patterning
techniques as described above for depositing the first
layer El can be used for depositing the second layer
E2 . The second layer E2 can, for example, be
deposited by physical vapour deposition (PVD) .
Subsequently, the remaining region of the
photosensitive layer R is removed in particular by
dissolution in an appropriate solvent, thereby lifting
off the second layer E2 in those areas where it
covered the remaining region of the photosensitive
layer R (Figures Ie and 2e) . The removal of the
remaining region of the photosensitive layer R covered
by the second layer E2 results in the small gap G
between the first layer El and the second layer E2 ,
both layers El and E2 being positioned on the
substrate S . The length of the gap G is defined as
the distance between the adjacent edges of the first
and the second layer El, E2 . The method according to
the invention may be altered as shown in Figure 3 in
that after the photosensitive layer R has been exposed
to the light beam L and the exposed region of the
photosensitive layer R has been removed as described
above, anisotropic plasma etching is applied. Figures
3a, 3b and 3c correspond to Figures Ia, Ib and Ic and
it is referred to the above description thereof. Then
a plasma P is applied as etchant from above the upper
surface of the substrate S (Figure 3d) in an
anisotropic etching step. Due to the overhang of the
photosensitive layer R a narrow stripe along the edge
of the first layer El is not exposed to the plasma P
and its surface condition is conserved, whereas the
surface condition of the regions not shadowedby the
overhang might be drastically changed by the impact of
the plasma P . In Figure 3e the stars (*) on the upper
surface of the substrate S indicate those regions
whose surface conditions have changed due to the
anisotropic plasma etching. Subsequently, a second
layer E2 is deposited, for example by ink-jet
printing, which preferentially finally remains on
those regions of the substrate S whose surface
condition has been altered due to the application of
anisotropic plasma etching (Figure 3f ) . For example,
an initially hydrophobic (hydrophilic) upper surface
of a substrate S can be rendered hydrophilic
(hydrophobic) by the application of an appropriate
plasma P in an anisotropic plasma etching step. After
the photosensitive layer R has been removed and
anisotropic plasma etching has been applied to the
upper surface of the substrate S , the substrate
regions not covered by the first layer El are
hydrophilic (hydrophobic) except for a narrow stripe
along the edge of the first layer El which is still
hydrophobic (hydrophilic) leading to a high-resolution
surface energy pattern being created. This
high-resolution surface energy pattern can now be
transferred into highresolution structures, for
instance by using conventional print processes as for
instance taught in US 2003/0059987 Al. For example,
ink- jet printing can be used to deposit a second
layer E2 . Whereas ink-jet printing is usually limited
to rather coarse feature sizes of a few 10
micrometers, with the high-resolution surface energy
pattern created as described above this limitation may
be overcome : After deposition of the second layer E2
by inkjet printing, the ink of the second layer E2
spreads on the hydrophilic (hydrophobic) part of the
upper surface of the substrate S , but is repelled by
the narrow hydrophobic (hydrophilic) stripe at the
edge of the first layer El. The repulsion of the ink
leads to a narrow gap G between the first and the
second layer El, E2 (conferFigure 3f). The size of the
gap G can be much smaller than would be the case if
the second layer would be inkjet printed on a
substrate S without surface energy pattern, in
particular on a substrate S to whose surface no
anisotropic plasma etching has been previously
applied. Since the critical feature or pattern size is
defined by the method according to the invention,
which is a self -alignment method, the smallest
achievable feature size can be much lower than the
feature size achievable with the patterning techniques
used for depositing the first and the second layers El
and E2 (confer Figures 1 , 2 or 3 ) . With a method
according to the invention patterns, in particular
material -free gaps, with down to submicrometer length
can be formed in thin films of opaque materials. The
method according to the invention comprises a
contact-less mask-free photolithographic step for
defining the small features or 



gaps, respectively, of the achievable pattern. The
method of the invention is especially suited for
producing submicrometer patterns or structures in a
simple and cost-effective way as it does not require
costly equipment . Figure 4 shows transmission light
microscopy images of channels G fabricated with the
method according to the invention. Figure 4a shows
four micrometer wide channels G , wherein the
overlapping figure is an enlargement of a part of the
underlying figure. Figure 4b shows a 400 nm wide
channel G . Figure 5 shows a scanning electron
microscope image of an approximately 400 nm wide
channel G fabricated with the method according to the
invention. The first and the second layer, El and E2 ,
are realized by gold electrodes. The channels shown in
Figures 4 and 5 are metal-free. It can be seen that
submicrometer wide channels can be easily obtained by
employing the method according to the invention.The
length of the gap G between the first layer El and the
second layer E2 depends on and can be controlled by
the thickness d of the photosensitive layer R and the
oblique angle f of incidence of the light beam 5 L ,
wherein the length of the gap G is defined as the
distance between the adjacent edges of the first and
the second layer El, E2 . Figure 6 shows a diagram
depicting the measured channel length, i.e. the length
of the gap G , in micrometers depending on the
photosensitive layer o thickness d and the angle f of
incidence, the product of the thickness d and the
tangent of the angle f of incidence given in
micrometers. As can be seen, the length of the gap G
increases monotonically with increasing photosensitive
layer thickness d and s increasing angle f of
incidence, whereby the angle f of incidence is
measured between the substrate surface normal and the
direction of the light beam L . The method according
to the invention (confer Figures 1 to 3 ) can be used
to form electronic o components, in particular organic
electronic components, such as a thin-film field
effect transistor with small source-drain separation.
The method according to the invention can especially
be used to define source and drain electrodes of a
thin-film field effect transistor 5 (TFT) . A
thin-film field effect transistor consists typically
of a substrate S , a gate electrode GE, an insulator
layer I , a semiconductor layer SC, and source and
drain electrodes SE, DE (confer Figure 7 ) . For a
bottom-gate thin-film field effect transistor as
depicted o in Figure 7a a gate electrode GE is first
formed on a substrate S . Then an insulator layer I is
deposited. The source and drain electrodes SE, DE are
subsequently formed on the insulator layer I by using
the method according to the invention (confer Figures
1 to 3 and 5 description thereof) , wherein either the
source electrode SE represents the first layer El and
the drain electrode DE represents the second layer E2
or vice versa (conferFigures 1 , 2 or 3 ) . Then the
semiconductor layer SC is deposited. For a top-gate
thin-film field effect transistor as depicted in
Figure 7b source and drain electrodes SE, DE are first
formed on a substrate S by applying the method
according to the invention (confer Figures 1 to 3 and
description thereof) , wherein either the source
electrode SE represents the first layer El and the
drain electrode DE represents the second layer E2 or
vice versa (confer Figures 1 , 2 or 3 ) . Then a
semiconductor layer SC is deposited followed by the
deposition of an insulator layer I on the
semiconductor layer SC. Finally, the gate electrode GE
is formed on the insulator layer I . Figure 8 shows a
diagram depicting the electrical characteristics of a
bottom-gate polymer thinfilm field effect transistor
fabricated with the method according to the invention.
Depicted is the source current Is in Ampere on the
ordinate and the drain voltage Vd in Volts on the axis
of abscissae for different gate voltages Vg given in
Volts. A transparent indium- tin- oxide (ITO) strip
formed on a glass substrate serves as gate electrode.
A s an insulator layer a 300 nanometer cross-linkable
poly (4-vinylphenol) layer is spin-cast from solution
and subsequently cross-linked by annealing at 200
degrees Celsius. On the insulator layer a gold-source
electrode corresponding to the first layer El (confer
Figures 1 , 2 or 3 ) is patterned. Then a 1000
nanometer thick photosensitive layer of photo resist
(Shipley S1805) is spin-cast. Subsequently the glass
substrate is exposed to UV-radiation from its lower
side under an angle of incidence of 45 degrees. A thin
second layer corresponding to the second layer E2 in
Figures 1 , 2 or 3 of gold is then deposited and
patterned by shadowmask evaporation. After that a
transistor channel is formed by dissolving the
photosensitive layer in acetone, thereby partially
lifting off the gold film representingthe second layer
E2 . Finally, a thin layer of the semiconductor poly
(3-hexylthiophene) is spin-cast on top forming the
semiconductor layer. The resulting channel length,
that is source-to-drain separation, is 400 nanometers,
the channel width is 2 millimeters and the capacitance
of the 300 nanometer thick polymer insulator layer is
10 nF/cm 2 . As can be seen in Figure 8 , the source
current increases super- linearly with increasing
drain voltage. The source current actually represents
the source-to-drain current and can be controlled by a
gate voltage. Saturation does not occur as the ratio
between the channel length and the insulator layer
thickness is small, i.e. about 1.3. Ideal MOSFET
behaviour can be observed if this ratio exceeds 5 .
From the curves of Figure 8 the field effect mobility
can be estimated to be a few times 10"3 cm2/Vs, a
value which is typical for poly (3-hexylthiophene) in
combination with a poly (4- venyl -phenol) dielectric.
The method according to the invention is suitable for
producing organic electronic devices with submicron
sized gaps between organic areas on a surface of a
substrate for large-area and/or low-cost electronics.
In particular, material-free gaps down to
submicrometer lengths can be formed by the method
according to the invention in thin films of opaque
materials (confer Figure 6 ) . The characteristic
features of devices that can be formed by the method
according to 



the invention are as follows : These devices comprise
a substrate, which is transparent to a certain
spectral range, in particular to UV light, and a first
preferably conductive layer, wherein the first layer
is located on one side of the substrate. The first
layer does not cover the entire substrate. The
material of the substrate can comprise glass, in
particular quartz glass, and/or polymer foil such as
PET (polyethylene terephthalate) , PEN (polyethylene
naphthalate) , PC (polycarbonate) , PMMA (polymethyl
methacrylate) or similar. The transparentsubstrate can
be coated on the other side, i.e. its lower surface,
by an opaque material after the method according to
the invention (i.e. its application) is finished. The
first conductive layer is preferentially patterned
with low resolution, i.e. with a resolution larger
than 10 m , in particular larger than 50 mm . The
first layer is at least opaque for that particular
spectral range for which the substrate is transparent
. Preferentially, the first layer is opaque in the UV
spectral range. Preferably, the transmission through
the first layer in the desired spectral range is below
10%, even more preferably below 1%. Suitable materials
for the first conductive layer comprise e.g. Aluminium
(Al), Gold (Au) , Platinum (Pt) , Nickel (Ni) and/or
Nichrome (NiCr) alloys and/or conducting polymers such
as PEDOT: PSS (Poly (3 ,4-ethylenedioxythiophene) poly
(styrenesulfonate) ) and/or organic conductors such as
TCNQ-TTF (tetracyanoquinodimethane-
tetrathiafulvalene) . The devices formed by the method
according to the invention further comprise a second,
preferably conductive, layer on the same surface of
the substrate as the first, preferably conductive,
layer. Areas covered by the first conductive layer are
separated from areas covered by the second conductive
layer on at least one side by a gap with a size below
lOmm , in particular below 5mm , preferred below 3 m
and especially preferred in the submicron range. The
preferably submicron sized gaps are aligned in their
longitudinal direction in parallel in the plane
spanned by the surface of the substrate (confer Figure
4a) . The gaps are preferentially electrically
isolating . Possible materials for the second
conductive layer are the same materials as for the
first conductive layer. They can also be transparent
conducting oxides such as ITO (indium tin oxide) . The
second conductive layer may be transparent, even in
the UV spectral range.With the method according to the
invention e.g. organic electronic devices such as
oFETs (organic field effect transistors) with
consecutive parallel and sub-micrometer wide spaced
electrodes (formed by the conductive layers) and oPDs
(organic photo diodes) with a very high fill factor
can be formed. An organic photo diode (oPD) formed by
the method according to the invention as electronic
device is characterized by an enhanced fill factor.
The fill factor is defined by the ratio of the size of
the contact area/conduction layers (so-called contact
size) and the space separating laterally contact
areas/conduction layers. A submicron gap can
advantageously be realized between the conductive
layers by reproducing one edge in order to create a
parallel aligned pattern that merges with the adjacent
conductive layer. The larger the contact size the
higher is the sensitivity and the signal-to-noise
ratio of the organic photo diode. At the moment
neither state of the art evaporation nor state of the
art printing methods provide sufficient lateral
resolution to achieve reproducible submicron
gaps/separation between the contacts/conductive layers
of organic photo diodes which are manufactured by way
of a high throughput process . By the method according
to the invention the ridge/edge of the first layer is
reproduced parallel to the original/first one by
contact less lithography. An organic photodiode (oPD)
with a high fill factor that comprises structured
electrodes/conductors formed by conductive layers can
be fabricated by the method according to the invention
on a substrate, which is transparent in particular in
the near UV domain. The method for forming the
corresponding pattern on the substance comprises the
steps of depositing a first conductive layer that is
opaque at least for UV light, depositing a
photosensitive layer such that it covers at least the
ridges/edges of the first layer and theopenings of the
first layer, i.e. the openings being those parts of
the substrate not covered by the first layer, exposing
the photosensitive layer to a light beam (in
particular an UV light beam) , the light beam 5
impinging on the lower surface of the substrate under
an oblique angle of incidence, removing the exposed
regions of the photosensitive layer thereby leaving
behind an overhang over specific ridges/edges of the
first layer, depositing a second conductive layer that
covers at least o the left behind parts of the
photosensitive layer, removing the left behind parts
of the photosensitive layer, thereby leaving a precise
gap defined by the ridge/edges of the first layer and
the second layer, the second layer representing a
reproduction of the first s layer. Figures 9 and 10
show schematic representations of the fabrication of
an organic photo diode (oPD) by the method of the
invention in sectional view and in top view. In a
first step (Figures 9a and o 10a) a coarse contact is
deposited as a first layer El on the upper surface of
the substrate S . The shape of the pattern in which
the first layer El is deposited does not have to
satisfy any geometrical restrictions. Preferably, the
edges/ridges/borders of adjacent parts of the first 5
layer El are parallel to each other. The substrate S
is at least partially transparent to a light beam L ,
which is preferentially a UV light beam. The first
layer El is, however, opaque to the light beam L . The
first layer E l is patterned preferably by techniques
that are compatible o with high throughput fabrication
methods such as patterning methods which include
gravure and ink- jet printing. In a next step a
photosensitive layer R , that can be for example a
positive photosensitive polymer or 5 resist, is
applied (Figure 9b and 10b) . The applied
photosensitive layer R is preferably a homogeneous
thin film. The thickness of the photosensitive layer R
canrange from a few 100 nanometers to a few
micrometers. The 



photosensitive layer R is sensitive to the light beam
L , in particular to UV-radiation. For applying the
photosensitive layer R , deposition techniques are
preferred that are compatible with high throughput
fabrication methods, e.g. gravure printing or screen
printing. After deposition and thermal curing of the
photosensitive layer R , it is exposed to a light beam
L to which it is sensitive, in particular to
UV-radiation. The light beam L impinges under an
oblique angle of incidence on the lower surface of the
substrate S . The first layer El is opaque to the
light beam L and shadows or shields, respectively, the
incident light beam L as schematically depicted in
Figure 9b. After exposure, the photosensitive layer R
is immersed in or flooded by a developer solution. The
exposed regions of the photosensitive layer R are
thereby removed. The oblique exposure results in an
overhang at the ridge/edge of the first layer El in
the direction of incidence of the light beam L as
shown in Figure 9c. Then a second conductive layer E2
is deposited such that parts of it cover parts of the
substrate S and the remaining photosensitive layer
(Figure 9c and 10c) . A s second layer E2 a thin film
of the same material as used for the first layer El is
preferably employed. The second layer E2 is
preferentially deposited by a technique that sustains
a high throughput such as physical vapor deposition
(PVD) , in particular evaporation and/or sputtering
and/or printing, in particular gravure or screen
printing, for instance . In a next step, the remaining
region of the photosensitive layer R is removed by
dissolution in an appropriate solvent. The second
layer E2 is thereby lifted off in the area where it
covered the remaining region of the photosensitive
layer R (confer Figure 9c) . The removal of the
remaining region of the photosensitivelayer R that is
covered by the second layer E2 results in a small gap
G between a part of the first layer El and a part of
the (remaining) second layer E2 , in particular the
gap G lies next to that edge/ridge of a part of the
first layer El that is further apart from the light
source of the light beam L than its other edge/ridge.
The edge/ridge of a part of the first layer El that is
closer to the light source merges with (i.e. is in
direct contact with) a part of the second layer E2 .
This concludes the forming of the organic photo diode
(oPD) . The dimension of the gap G is defined as the
distance between the adjacent ridges/edges of the
first and the second layer. The gap length is
preferentially of submicron size and is determined by
the thickness of the photosensitive layer R and the
angle of incidence f of the light beam L . Thus, an
organic photo diode with a high fill factor can be
fabricated with a method according to the invention
which is compatible with a roll-to-roll fabrication
process. The (film) thickness of the photosensitive
layer R and the angle of incidence of the light beam L
during exposure constitute the two robust process
parameters by which the separation between the
parallel electrical contacts given by the conductive
layers El, E2 (or parts thereof) can be adjusted in
the submicron range. Therefore, one can advantageously
do without the state of the art high resolution
patterning methods. Of course, other electronic
devices may also be fabricated by the method according
to the invention. Furthermore, the method according to
the invention can e.g. be used to fabricate an organic
fieldeffect transistor (oFET) which in particular
comprises parallel aligned source and drain
electrodes, which are separated by a gap, the gap
preferably being in the submicron range. Also the
fabrication of the organic field-effect transistor
(preferably with consecutive parallel and
sub-micrometer spaced electrodes given byconductive
layers or parts thereof) involves as process
parameters primarily the thickness of the applied
photosensitive layer R and the angle f of incidence of
the light beam L . An organic field-effect transistor
comprises interdigitated conductive channels arranged
in a parallel pattern and separated in the submicron
range, which can be formed by the method according to
the invention. Fabrication of an organic field-effect
transistor by the method of the invention comprises
the steps of depositing a first conductive and opaque
layer on the upper surface of a transparent substrate,
depositing a photosensitive layer such that it covers
at least the edges of and the openings in the first
layer, exposing the photosensitive layer to a light
beam, the light beam impinging on the lower surface of
the substrate under an oblique angle of incidence
(e.g. from the lower left to the upper right side as
seen by the viewer of Figure 11 - or vice versa
according to another embodiment) , removing the
exposed parts of the photosensitive layer while
leaving a remaining part of the photosensitive layer
which at each edge of the parts of the first layer
constitutes an overhang, depositing a second
conductive layer such that it covers at least the
particular parts of the photosensitive layer that form
the overhang, removing the remaining photosensitive
layer thereby obtaining a gap (preferably in the
submicron range) between an edge of the first layer
and an edge of the next second layer, being a
reproduction of the first layer. The mentioned steps
(apart from the deposition of the first layer El) are
then repeated but during the exposure of the now
applied photosensitive layer to a light beam, the
angle of incidence is vertically mirrored, i.e. if the
angle of incidence for the first exposure is f and the
angle of incidence for the second exposure is f ',
then f ' = -f . Figure 11 shows schematic
representations of the fabrication of an organic field
effect transistor(oFET) by the method of the
invention. In each of the subfigures of Figure 11
(e.g. Figure lla) at the top a top view is depicted,
while at the bottom a sectional view along the
dash-dotted line of the top view is depicted. In a
first step (Figure lla) a first conductive layer El is
deposited on the upper side of a substrate S in a
pattern constituting the drain contact (dc) and the
source contact (sc) . The drain contact (dc) is given
by an interdigitated contact and the source 



contact (sc) is given by a horizontal bar. The
substrate S is at least partially transparent to a
light beam L (in particular an UV- light beam) used
for the lithography process . The first layer El is,
however, opaque to the light beam L . The first layer
El is preferably patterned with techniques that are
compatible with high volume fabrication methods
(confer above description) . In a next step a
photosensitive layer R , that can for example be a
positive photosensitive polymer or resist, is applied
(Figure lib) . The applied photosensitive layer R is
preferentially a homogenous thin film and can vary in
thickness from a few 100 nanometers to a few
micrometers . The photosensitive layer R is sensitive
to the light beam L , in particular to UVradiation.
After curing, the photosensitive layer R is exposed to
a light beam L , to which its material is sensitive.
The light beam L impinges under an oblique angle f of
incidence (exemplarily from the lower left to the
upper right side as seen by the viewer of Figure 11)
on the lower surface of the substrate S . The first
layer El being opaque shades or shields, respectively,
the light beam L as schematically shown in Figure lib.
After exposure the photosensitive layer R is immersed
in or flooded by a developer solution. The exposed
region of the photosensitive layer R is thereby
removed. Due to the oblique exposure the remaining
regionof the photosensitive layer comprises overhangs
at the edges of parts of the first layer in the
direction of incidence of the light beam L as depicted
in Figure lib. The overhangs appear at those edges of
the different s parts of the first layer El that are
further away from the light source as their opposing
edges . In the next step shown in Figure lie a second
conductive layer E2 is deposited such that parts of it
cover the remaining photosensitive layer R and parts
of 0 the substrate that are not shadowed by the
overhangs and that are spaced apart from the first
layer El. Hence, the second layer E2 is deposited in a
distance from the left edges/ridges (as seen by a
viewer of Figure lie) of the patterned first layer El.
As second layer E2 a thin film of the same conductive
material can be used as for the first layer El. In a
next step, the remaining region of the photosensitive
layer R is removed by dissolution in an appropriate
solvent . The second layer E2 is thereby 0 lifted off
in the area where it covers the remaining region of
the photosensitive layer R (Figure lid) . The removal
of the remaining region of the photosensitive layer R
covered by the second layer E2 results in a small gap
G defined by the right edge of the patterned first
layer El and the left edge of the second layer E2 (as
seen by the viewer of Figure lid) . The gap size,
which is the distance between the parallel, adjacent
edges of parts of the first and the second layer, is
determined by the film thickness of the photosensitive
layer R and the angle f of incidence of the light beam
L on the substrate S . The above steps, which are
described with respect to the Figures lib) to lid) ,
are then repeated in the same order to create a gap G2
, preferable in the submicron range, also on the left
side of the parts of the first layer El (as seen from
the viewer of Figure 11) . Hence, a further
photosensitive layer R2 isdeposited (under basically
the same conditions as before the first photosensitive
layer R ) on the upper surface of the substrate S such
that it covers at least the left edges (as seen by the
viewer of Figure lie) of parts of the first layer El
(Figure lie) . This photosensitive layer R2 is then
exposed to a light beam L2 under basically the same
conditions as the first photosensitive layer R had
been exposed to the light beam L except for the angle
f ' of incidence. The light beam L2 impinges oblique
on the lower surface of the substrate S under an angle
f ' of incidence that is equal to the angle f of the
light beam L but mirrored at the vertical. Thus, angle
f ' is equal to the negative value of the angle f of
the light beam L . In a next step, the exposed region
of the second photosensitive layer L2 is removed by a
developer solution. The remaining region of the
photosensitive layer L2 which comprises overhangs in
the direction of incidence at the left edges (as seen
by the viewer of Figure llf) of the parts of the first
layer El is covered by a third conductive layer E3
(Figures llf) . The third conductive layer E3 is
preferably deposited such that it covers an area
comprising at least the surface of the overhang over
the parts of the first layer El, the right edge of the
parts of the second layer E2 and the area inbetween
(as seen by a viewer of Figure llf) . The third layer
E3 has a thickness that allows its lifting off when
removing the remaining region of the second
photosensitive layer R2 . While removing the remaining
region of the second photosensitive layer R2 in the
following step (Figure Hg) parts of the third
conductive layer E3 are lifted off leading to a gap G2
, which is preferably in the submicron range, at the
left edges/ridges of the parts of the first layer El
(as seen by the viewer of Figure Hg) . The gap G2
depicted in Figure Hg) is even smaller than the gap G
depicted in Figure Hd) due to the introduction of
parts of the thirdconductive layer E3 into the gap G
tangentially next to the right edge of the parts of
the second layer E2 (as seen by a viewer of Figure
llg) . While there are shown and described presently
preferred embodiments of the invention, it is to be
dis tinctly understood that the invention is not
limited thereto but may be otherwise variously
embodied and prac ticed within the scope of the
following claims.Claims 1 . A method for forming a
pattern on a substrate (S) with an upper surface and a
lower surface comprising the following steps: -
depositing a first layer (El) on one or more parts of
the upper surface of the substrate (S) , the material
of the first layer (El) being opaque, - depositing a
photosensitive layer (R) such that part of the
photosensitive layer (R) covers at least part of the
first layer (El) , - exposing the photosensitive layer
(R) to a light beam (L) , the light beam (L) impinging
on the lower 



surface of the substrate (S) under an oblique angle (f
) of incidence, - removing the exposed region of the
photosensitive layer (R) , - depositing a second layer
(E2) such that part of the second layer (E2) covers a
remaining region of the photosensitive layer (R) ,
wherein the second layer (E2) has a thickness that
allows its lifting off when removing at least a part
of the remaining region of the photosensitive layer
(R) , and removing at least a part of the remaining
region of the photosensitive layer (R) . 2 . The
method of claim 1 wherein in the last step the
remaining region of the photosensitive layer (R) is
removed by dissolution. 3 . A method for forming a
pattern on a substrate (S) with an upper surface and a
lower surface comprising the following steps: -
depositing a first layer (El) on one or more parts of
the upper surface of the substrate (S) , the material
of the first layer (El) being opaque,- depositing a
photosensitive layer (R) such that part of the
photosensitive layer (R) covers at least part of the
first layer (El) , - exposing the photosensitive layer
(R) to a light beam (L) , the light beam (L) impinging
on the lower surface of the substrate (S) under an
oblique angle (f ) of incidence, - removing the
exposed region of the photosensitive layer (R) , -
applying plasma (P) by anisotropic etching from above
the upper surface of the substrate (S) , and -
depositing a second layer (E2) . 4 . A Method for
forming a thin-film field effect transistor comprising
the following steps: - forming a gate electrode (GE)
on a substrate (S) , - depositing an insulator layer
(I) , - forming a source electrode (SE) and a drain
electrode (DE) on the insulator layer (I) by applying
a method according to any of the preceding claims,
wherein either the source electrode (SE) represents
the first layer (El) and the drain electrode (DE)
represents the second layer (E2) or vice versa, -
depositing a semiconductor layer (SC) . 5 . A Method
for forming a thin- film field effect transistor
comprising the following steps: - forming a source
electrode (SE) and a drain electrode (DE) on a
substrate (S) by applying a method according to any of
the claims 1 to 3 , wherein either the source
electrode (SE) represents the first layer (El) and the
drain electrode (DE) represents the second layer (E2)
or vice versa, - depositing a semiconductor layer (SC)
, - depositing an insulator layer (I) on the
semiconductor layer (SC) , - forming a gate electrode
(GE) on the insulator layer (I) .6 . Electronic
device, comprising - a substrate (S) with an upper
surface and a lower surface, said substrate (S) being
transparent to a light beam (L) , in particular an UV-
light beam, a first layer (El) and a second layer (E2)
located adjacent to each other on the upper surface of
the substrate (S) , wherein at least a part of the
first layer (El) and at least a part of the second
layer (E2) are spaced apart by a gap (G; G2) and
wherein the first layer (El) is opaque with respect to
the light beam (L) . 7 . Electronic device according
to claim 6 , wherein the size of the gap (G; G2) is
below lOmtn, in particular below 5mm , preferred below
3mm and especially preferred in the submicron rage. 8
. Electronic device according to claim 6 or 7 ,
wherein the first layer (El) and the second layer (E2)
comprise several parts with parallel edges and wherein
the gaps (G; G2) separating at least some of these
parts are parallel to each other. 9 . Electronic
device according to one of the claims 6 to 8, wherein
the substrate (S) comprises glass, in particular
quartz glass, and/or polymer foil, in particular PET,
PEM, PC and/or PMMA as material. 10 . Electronic
device according to one of the claims 6 to 9, wherein
the first layer (El) comprises aluminium, platinum,
gold, nickel, NiCr alloys and/or conducting polymers,
in particular PEDOTrPSS, and/or organic conductors, in
particular TCNQ-TTF, as material. 11 . Electronic
device according to one of the claims 6 to 10, wherein
the gap (G; G2 ) is electrically isolating. 12 .
Electronic device according to one of the claims 6 to
11, which constitutes an organic photo diode. 13 .
Electronic device according to one of the claims 6 to
11, which constitutes an organic field-effect
transistor.14 . Electronic device according to one of
the claims 6 to 11, which constitutes an organic solar
cell. 


