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IN VITRO DETECTION OF NUCLEIC ACID

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional Application
No.  62/718,427 filed August 14, 2018, the contents of which are incorporated herein by

reference in their entirety.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted in ASCIL
format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy,
created on July 29, 2019, is named 002806-092060WOPT _SL txt and is 15,781 bytes in size.

FIELD OF THE INVENTION
[0003] Described herein are systems and methods for detection of nucleic acids using cell-free

expression system.

BACKGROUND
[0004] Traditional nucleic acid detection techniques require significant infrastructure and
operational investment. In particular, labeling and amplification systems require thermal cycling
platforms, and imaging technologies that are bulky and expensive. Such systems also limit
opportunity for field deployment. In instances where protein expression is a detection readout, in
vivo cell expression systems add a further layer of complexity, without feasible deployment for
field use. Thus, there is a great need in the art for systems and methods of reduced complexity,

providing flexible deployment with minimal infrastructure.

SUMMARY
[0005] Provided herein are methods and compositions which relate to sensor systems for detecting
the presence of a target nucleic acid molecule. In the absence of the target, these sensors exist as
non-functional parts. In the presence of the target, the parts of the sensor system that comprise the
target nucleic acid binding sequence, bind specifically to the target and when bound to the target,

are positioned in close proximity with each other, making it possible to form a functional sensor
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system. When functional, the sensor system can express a reporter protein. Thus, the sensors
described herein have very low background signals and are readily adapted to use with existing

technology for measuring protein outputs.

[0006] Described herein are compositions and methods for in vitro detection of nucleic acids.
Nucleic acid sensors are activated for cell-free expression of an encoded reporter protein based on
the presence of a target nucleic acid. The system is designed to function in low-cost cell extract
without the need for instrumentation or stringent temperature control. These features are
advantageous for point-of-use molecular diagnostics applications in consumer health, pet/animal

health, food safety, and other areas where cost and portability are key factors.

[0007] Aspects of the invention described herein provides a nucleic acid sensor system comprising
a first and second single stranded DNA sensor parts which, when ligated together generate a single
strand of a DNA expression cassette that comprises i) a promoter; ii) a ribosome binding site
(RBS); and iii) a coding sequence. In some embodiments, a target nucleic acid hybridization

sequence is located within the first and second single stranded DNA sensor parts.

[0008] Aspects of the invention describe a nucleic acid sensor system comprising a first and
second single stranded DNA sensor parts which, when ligated together generate a single strand of
a DNA expression cassette that comprises 1) a promoter; ii) a ribosome binding site (RBS); iii) a
coding sequence, which single strand comprises a target nucleic acid hybridization sequence
comprising a 3’ and 5’ hybridization regions, wherein the 3° hybridization region is included in
the first sensor part and the 5” hybridization region is included in the second sensor part so that,
when the sensor system is contacted with a sample that includes a target nucleic acid that
hybridizes with the target nucleic acid sequence, hybridization with the target nucleic acid enables

ligation of the first and second parts.

[0009] In some embodiments, the DNA expression cassette is a non-template DNA expression
cassette. In some embodiments, the first and second sensor parts of the expression cassette are
separated at any given position within the expression cassette. In some embodiments, the

separation occurs within the target nucleic acid hybridization sequence. In some embodiments, the
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target nucleic acid hybridization sequence is located at any given position within the expression

cassette.

[0010] In some embodiments, either the first or the second sensor part comprises the coding
sequence and the remaining sensor part comprises the promoter. In some embodiments, either the
first or the second sensor part comprises the promoter and the ribosome binding site and the
remaining sensor part comprises the coding sequence. In some embodiments, either the first or the
second sensor part comprises the promoter, the ribosome binding site, and a start codon of the
coding sequence and the remaining sensor part comprises the remaining coding sequence. In some
embodiments, the first sensor part comprises, from 5’ to 3’ 1) the promoter, i1) the ribosome binding
site (RBS), iii) the start codon for the coding sequence, and iv) the 3” hybridization region in the
form of a reading frame in-frame with the start codon; and the second sensor part comprises from
5’ to 3’ 1) the 5° hybridization region in the form of a reading frame in frame with the remaining
coding sequence, and ii) a remaining coding sequence linked downstream of and in-frame with the

5’ hybridization region.

[0011] In some embodiments, either the first or the second sensor part comprises the promoter and
the remaining sensor part comprises the ribosome binding site and the coding sequence. In some
embodiments, the first sensor part comprises, from 5’ to 3 i) the promoter, and ii) the 3’
hybridization region; and the second sensor part comprises, from 5’ to 3° 1) the 5° hybridization

region, i1) the ribosome binding sequence, and iii) the coding sequence.

[0012] In some embodiments, either the first or the second sensor part comprises the promoter,
the ribosome binding site, and a 5’ portion of the coding sequence and the remaining sensor part
comprises the remaining coding sequence. In some embodiments, the first sensor part comprises,
from 5’ to 3’ 1) the promoter, i1) the RBS, iii) a first portion of the coding sequence, comprising a
start codon and at least one additional codon, iv) the 3” hybridization region in the form of a reading
frame in-frame with the start codon; and the second sensor part comprises, from 5’ to 3’ 1) the 5’
hybridization region in the form of a reading frame in-frame with the first portion of the coding
sequence and in-frame with the second portion of the coding sequence, and i1) a second portion of

the coding sequence linked downstream of and in-frame with the 5° hybridization region.
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[0013] In some embodiments, at least a portion of the 3’ hybridization region is in the promoter,
the ribosome binding site, or the coding sequence. In some embodiments, at least a portion of the
5’ hybridization region is in the promoter, the ribosome binding site, or the coding sequence. In
some embodiments, the 3° hybridization region is not within the promoter, the ribosome binding
site, or the coding sequence. In some embodiments, the 3’ hybridization region is 3’ of any
promoter, ribosome binding site, or coding sequence in the first sensor part. In some embodiments,
the 5° hybridization region is not within the promoter, the ribosome binding site, or the coding
sequence. In some embodiments, the 5’ hybridization region is 5’ of any promoter, ribosome

binding site, or coding sequence in the second sensor part.

[0014] In some embodiments, the 3’ hybridization region and the 5’ hybridization region are
collectively at least 12 nucleotides in length. In some embodiments, the 3’ hybridization region

and the 5” hybridization region are each at least 6 nucleotides in length.

[0015] In some embodiments, the first and second sensor parts are on the same molecule. In some
embodiments, the 5’ end of the first sensor part is linked to the 3° end of the second sensor part
through intervening ssDNA sequences so that the first and second sensor part form a single
molecule. In some embodiments, the system further comprises a primer complementary to a
sequence within the non-template expression cassette or intervening ssSDNA sequences. In some

embodiments, the first and second sensor parts are on at least two separate molecules.

[0016] In some embodiments, the 5’ end of the first sensor part further comprises a sequence that
forms a terminal hairpin loop. In some embodiments, the system further comprises a primer
complementary to a 3’ region of the second sensor part. In some embodiments, the system further
comprises a primer complementary to a sequence which is 3° of any promoter, ribosome binding
site, or coding sequence in the second sensor part. In some embodiments, the system further
comprises a primer complementary to a region 5’ of any promoter, ribosome binding site, or coding
sequence in the second sensor part. In some embodiments, the second sensor part further comprises

a nucleotide sequence at its 3’ end comprising the primer in a terminal hairpin loop.

[0017] In some embodiments, the coding sequence of the DNA expression cassette encodes a

polypeptide. In some embodiments, the polypeptide is a reporter protein. In some embodiments,
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the 3’ hybridization region and the 5’ hybridization region are located in the coding sequence,
within a region encoding for a solvent exposed loop of the reporter protein. In some embodiments,
the 3’ hybridization region and the 5° hybridization region are located in the coding sequence of
the reporter protein and do not substantially impact reporter gene function. In some embodiments,
the reporter protein comprises a luciferase, nanoluciferase, beta-lactamase, beta-galactosidase,
horseradish peroxidase, alkaline phosphatase, catalase, carbonic anhydrase, green fluorescent
protein, red fluorescent protein, cyan fluorescent protein, yellow fluorescent protein, trypsin, a
protease, a peptide that complements and activates a truncated reporter protein, and a polypeptide

that is detectable by an assay.

[0018] In some embodiments, the nucleic acid sensor system further comprises a cell free
expression system. In some embodiments, the nucleic acid sensor system further comprises a
ligase. In some embodiments, the nucleic acid sensor system further comprises a reverse
transcriptase. In some embodiments, the nucleic acid sensor system further comprises a
ribonuclease that hydrolyzes RNA which is hybridized to DNA. In some embodiments, the

ribonuclease is RNAse H.

[0019] In some embodiments, the nucleic acid sensor system further comprises one or more of a
ligase, a strand-displacing DNA polymerase, dNTPs, RNAse inhibitor, and a cell free expression
system. In some embodiments, the cell free expression system is whole cell extract. In some
embodiments, the nucleic acid sensor system further comprising a DNA polymerase. In some
embodiments, the DNA polymerase is selected from the group consisting of a Klenow fragment
with exonuclease portion, a Klenow fragment without the exonuclease portion, a phi29
polymerase, a modified T7 DNA polymerase, a polymerase from Psychrobacillus, a polymerase
from Psychrobacillus with enhanced strand displacement, a polymerase from B. subfilis,
Sequenase Version 2.0, a Bsu DNA Polymerase Large Fragment, a Bst 3.0 DNA Polymerase, a
Phusion® High-Fidelity DNA Polymerase, a Vent® DNA Polymerase without the exonuclease
portion, a Vent® DNA Polymerase, a Q5® High-Fidelity DNA Polymerase, and a DNA

Polymerase I Large (Klenow) Fragment.

[0020] In some embodiments, a polymorphism of the target nucleic acid hybridizes to a sequence

3’ of the first sensor part hybridization region, and 5’ of the second sensor part hybridization
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region. In some embodiments, the 3’ hybridization region of the first sensor part or 5” hybridization
region of the second sensor part is configured to hybridize to a polymorphism of the target nucleic
acid. In some embodiments, the free end of the 3’ hybridization region of the first sensor part or
the free end of 5’ hybridization region of the second sensor part is configured to hybridize to a
polymorphism of the target nucleic acid. In some embodiments, the hybridization sequence of the
polymorphism comprises one or both of the most 3° base of the first sensor part hybridization
region and the 5° base of the second sensor part hybridization region. In some embodiments, the

target nucleic acid hybridization region comprises one or more polymorphisms.

[0021] Aspects of the invention describe methods for detecting a target nucleic acid in a sample,
comprising a) providing a sample comprising the target nucleic acid; b) contacting sample
comprising the target nucleic acid with the nucleic acid sensor system as described herein, in the
presence of a ligase under conditions favorable to the hybridization of the target nucleic acid to
the 3” hybridization region of the first sensor part and to the 5° hybridization region of the second
sensor part of the expression cassette, to thereby generate a reaction product comprising the target
nucleic acid hybridized to the first sensor part and the second sensor part operably-linked to each
other; c) contacting the reaction product produced in step b) with a cell-free expression system in
the presence of a strand displacing DNA Polymerase and a primer, under conditions favorable to
the production of a reporter protein; d) contacting reaction product produced in step ¢) with a
reagent enabling the detection of the expression of the reporter protein; e) measuring the expression
of the reporter protein produced in step d) to determine the presence and/or amount of the target
nucleic acid in the sample. In some embodiments, the ligase is provided as a part of the cell free

system.

[0022] Aspects of the invention describe methods for detecting a target nucleic acid in a sample,
comprising a) providing a sample comprising the target nucleic acid; b) contacting sample
comprising the target nucleic acid with the nucleic acid sensor system as described herein, in the
presence of a ligase and optionally a primer under conditions favorable to the hybridization of the
target nucleic acid sequence to the 3° hybridization region of the first sensor part and to the 5’
hybridization region of the second sensor part of the expression cassette, to thereby generate a

reaction product comprising the target nucleic acid hybridized to the first sensor part and the



WO 2020/037038 PCT/US2019/046497

second sensor part operably-linked to each other; c¢) contacting the reaction product produced in
step b) with a cell-free expression system in the presence of a strand displacing DNA Polymerase,
under conditions favorable to the production of a reporter protein; d) contacting reaction product
produced in step ¢) with a reagent enabling the detection of the expression of the reporter protein;
e) measuring the expression of the reporter protein produced in step d) to determine the presence
and/or amount of the target nucleic acid in the sample.

[0023] Aspects of the invention describe methods for detecting a target nucleic acid in a sample,
comprising a) providing a sample comprising the target nucleic acid; b) contacting sample
comprising the target nucleic acid with 1) the nucleic acid sensor system as described herein, in the
presence of a ligase, and ii) a cell-free expression system in the presence of a strand displacing
DNA Polymerase and a primer, under conditions favorable to the hybridization of the target
nucleic acid to the 3 hybridization region of the first sensor part and to the 5° hybridization region
of the second sensor part of the expression cassette, and to the production of a reporter protein; c¢)
contacting reaction product produced in step b) with a reagent enabling the detection of the
expression of the reporter protein; d) measuring the expression of the reporter protein produced in
step d) to determine the presence and/or amount of the target nucleic acid in the sample. In some
embodiments, the ligase is provided as a part of the cell free system. In some embodiments, the

ligase is provided as a part of the cell free system.

[0024] Aspects of the invention describe methods for detecting a target nucleic acid in a sample,
comprising a) providing a sample comprising the target nucleic acid sequence; b) contacting
sample comprising the target nucleic acid sequence with 1) the nucleic acid sensor system as
described herein, in the presence of a ligase, i1) a cell-free expression system in the presence of a
strand displacing DNA Polymerase and a primer, and ii1) a reagent enabling the detection of the
expression of the reporter protein, under conditions favorable to the hybridization of the target
nucleic acid to the 3 hybridization region of the first sensor part and to the 5° hybridization region
of the second sensor part of the expression cassette, and to the production of a reporter protein; c)
measuring the expression of the reporter protein produced in step b) to determine the presence
and/or amount of the target nucleic acid in the sample. In some embodiments, the ligase is provided

as a part of the cell free system.
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[0025] Aspects of the invention describe a kit comprising a composition comprising a nucleic acid
sensor system in a packaging material, a sample collection device, a positive control and

instructions for use.

BRIEF DESCRIPTION OF THE FIGURES

[0026] Fig. 1: Tllustration of nucleic acid detection technology. A sample containing a target
nucleic acid (dashed line) is combined with the nucleic acid sensor parts (A, B, p) in a cell-free
expression system. The junction of the sensor parts (i, 1i’) is designed to hybridize to the target
nucleic acid (i, i1) enabling ligation of A and B into a single strand by a ligase. DNA polymerase
extends a primer, p, to create a functional, double-stranded expression cassette that is transcribed
and translated into a detectable reporter (e.g., an enzyme, or a readily detectible non-catalytic
polypeptide) by the cell-free expression system.

[0027] Fig. 2A-Fig. 2B: Illustrations showing nucleic acid components of sensor system. (Fig.
2A) An embodiment of the sensor system with non-template (sense) ssDNA strands and split site
after the start codon of the coding sequence. Hybridization region and target RNA are shaded, and
5’ phosphate (P) on the B domain is shown. The A domain comprises a promoter, a ribosome
binding site (RBS), an ATG start codon, and a 3’ hybridization region (shaded). The B domain
comprises a 5’ phosphate (P), a 5* hybridization domain (shaded), and a coding sequence. The
primer is also shown. (Fig. 2B) Alternative sensor component schemes: (i) A and B domains linked
at the 5” and 3’ ends, respectively; (ii) incorporating the sSDNA primer as a terminal hairpin of B
domain; or (ii1) including hairpins on both the 5” end of the A domain and the 3’ end of the B
domain.

[0028] Fig. 3: Illustrations showing three versions of the sensor system components. In Version
1, the expression cassette is split into Part A and Part B after the start codon (ATG) of the coding
sequence. In Version 2, the expression cassette is split into Part A and Part B between the promoter
(P) and ribosome binding site (RBS). In Version 3, the expression cassette is split into Part A and
Part B within the coding sequence. Inserted target hybridization regions are shown as hatched
boxes for Versions 1 and 2 designs. Version 3 does not include inserted sequence and instead has
a target sequence matching the reporter coding sequences flanking the junction site. A primer

hybridizing to the 3’ end of Part B is shown.
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[0029] Fig. 4A-Fig. 4C: Bar graphs showing measured luminescence of intact dsSDNA expression
cassette (AB) versus individual dsDNA A or B parts (B_T1,B_T2, A T3) for each design version.
(Fig. 4A) Expression cassettes with two different inserted hybridization regions, AB T1 and
AB T2, were compared to B part only for the Version 1 system. (Fig. 4B) Expression cassettes
with two different inserted hybridization regions, AB_T1 and AB T2, were compared to B part
only for the Version 2 system. (Fig. 4C) The Version 3 expression cassette was compared to the
corresponding A part. RLU = relative light units.

[0030] Fig. SA-Fig. 5B: Bar graphs showing detection of different amounts of target RNA (T2)
by Version 1 (v1) sensor system. Reactions included target RNA at concentrations from 0 pM to
10.9 nM. A non-complementary RNA sequence (off-target) was also tested at 10.9 nM. (Fig. SA)
The Klenow fragment +exo DNA polymerase was used for primer extension through the ligated
junction. (Fig. 5B) The Sequenase DNA polymerase was used for primer extension through the
ligated junction. Blank = empty well, RLU = relative light units.

[0031] Fig. 6: Bar graph showing detection of different amounts of target T1 RNA by v1 sensor
system. Reactions included target RNA at concentrations from O to 1.44 pM. The ligation step in
these reactions was 15 minutes and luminescence was measured after 1 hour. RLU = relative light
units.

[0032] Fig. 7: Bar graph showing comparison of v1 sensor performance at several T1 target RNA
concentrations (0 to 50 pM) with increasing amounts of background (bg) RNA, from 0 to 2600 ng.
RLU = relative light units

[0033] Fig. 8: Bar graph showing comparison of v1 sensor performance of T1 target spiked into
backgrounds of water, RNA extract (RNAex), and heat-lysed whole cell extract (WCex). RLU =
relative light units.

[0034] Fig. 9: Bar graph showing comparison of v1 sensor performance with T2 detection directly
from RNA extract (RNAex) or heat-lysed whole cell extract (WCex) corresponding to equivalents
of cell material. RLU = relative light units.

[0035] Fig. 10: Bar graph showing vl sensor performance with T1 detection in increasing
backgrounds of pooled human saliva (0 to 70.8%). RLU = relative light units.

[0036] Fig. 11A-Fig. 11D: Bar graphs showing performance of different DNA polymerases in the
process of RNA-mediated activation of version 3 sensor system. (Fig. 11A) Klenow fragment

+exo; (Fig. 11B) Klenow fragment —exo; (Fig. 11C) phi29 polymerase; and (Fig. 11D) Sequenase
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DNA polymerases were all effective at activating the expression cassette in the presence of ligase
and RNA T2 target (+LT) as compared to reaction without ligase and target (-LT). RLU =relative
light units.

[0037] Fig. 12: Bar graph showing testing of alternative sensor component scheme of v1 where
both A and B parts are on the same ssDNA sequence such that B is now 5” of A. Two constructs
were tested, one terminating the RNA transcript with the use of a T7 terminator domain (CSt) and
the other containing three repeat stop codons (CSs). The bar graph shows comparison of
performance with detection of T1 or T2 target RNA at varying concentrations (0 to 200 pM). RLU
= relative light units.

[0038] Fig. 13: Bar graph showing discrimination of single nucleotide variations (SN'Vs) or single
nucleotide polymorphisms (SNPs) introduced within the hybridization region of the target of v1.
Four different variants were tested (e.g., SNP-UG, SNP-AA, SNP-GA, SNP-GG). RLU = relative
light units.

[0039] Fig. 14A-Fig. 14C: Bar graphs showing testing of multiple DNA polymerases using v1.
(Fig. 14A) Performance of the polymerases (4 units per reaction, unless otherwise specified) in
the in vitro detection system targeting the CT target RNA sequence (+RNA) versus a negative
control without the target RNA sequence (-RNA). IsoPol (polymerase from Psychrobacillus);,
IsoPol SD+ (polymerase from Psychrobacillus with enhanced strand displacement); Bsu
(polymerase from B. subtilis). RLU = relative light units. (Fig. 14B) Signal to background ratio
based on these measurements (S:B ratio) is shown for each polymerase. (Fig. 14C) S:B ratio using
different amounts of units of IsoPol SD+, from 1.7 to 4 U.

[0040] Fig. 15A-Fig. 15B: Bar graphs showing testing of splitting the expression cassette of
nanoluciferase enzyme (NLuc) and insertion of the target hybridization sequence into

solvent exposed loops. (Fig. 15A) Activity of the Nluc with the hybridization sequence inserted at
the solvent exposed loop regions indicated. (Fig. 15B) ssDNA sensor parts were constructed based
on the split locations in A and target CT sequence as described, and these were tested for detection
of 100 nM target CT RNA. RLU = relative light units.

[0041] Fig. 16: Schematic of the constructs used to test background from independent
transcription/translation of split luciferase constructs. Each PCR product has a T7 promotor

followed by an RBS and ATG start codon, the fragment of Nanoluciferase and a stop codon. For

10
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example, for split site 1, part A would be a DNA sequence encoding amino acids 1-17 from
sequence 1 and part B would be a DNA sequence encoding amino acids 18-170.

[0042] Fig. 17: Bar graph showing Luminescence signal of split luciferase constructs tested in a
cell free expression system. The Full Length construct is a complete luciferase containing T7

driven PCR product, while the negative construct is a reaction with no PCR product added.

DETAILED DESCRIPTION OF THE INVENTION

[0043] Described herein is a nucleic acid sensor system based on a non-functional, inactive
expression cassette designed for activation in the presence of a target nucleic acid. Activation can
occur, e.g., by hybridization of multiple separate cassette molecules to a target molecule, thereby
bringing the cassette molecules into association and providing a complete cassette which is
functional. The active, functional expression cassette is transcribed and translated to an encoded
protein or polypeptide in a cell-free expression system. Cell-free expression systems contain
cellular machinery operating outside the context of a living cell and without the constraints of a
cell membrane. The encoded protein or polypeptide may be detected either directly or indirectly.
[0044] A cell-free expression system is an in vitro system that contains all of the molecular
machinery, building block components, and energy molecules necessary for protein production
from an expression cassette, including transcription of DNA to RNA and the translation of RNA
to protein. Molecular machinery necessary for protein production from an expression cassette
includes but is not limited to RNA polymerases, ribosomes, and tRNAs. Cell-free expression
systems can be based on cell extract, where whole cells are lysed by membrane disruption to enable
external expression, or based on transcription and translation machinery purified from cells. In
both cases, these systems can be supplemented with building block components such as dNTPs
and amino acids together with energy components such as ATP.

[0045] As described herein, a promoter, ribosome binding site (RBS), and protein coding sequence
of an expression cassette are separated into two single-stranded DNA (ssDNA) nucleic acids or
domains. Separation of the expression cassette into two parts (e.g., a first nucleic acid or domain,
and a second nucleic acid or domain), and the use of non-template (sense) ssDNA, renders the
expression cassette non-functional for transcription and translation of the reporter protein. As used
herein, “non-template” indicates the DNA strand that is complementary to the template strand from

which mRNA can be transcribed; as such, the non-template strand cannot be directly transcribed
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into mRNA. As used herein, “sense” indicates that the DNA strand is the same strand as the
encoded mRNA. A nucleic acid which “encodes” a particular unit or component is a nucleic acid
which comprises the sequence necessary to transcribe (and optionally translate) the specified unit
or component. An intervening step of synthesizing a template strand may be necessary for such
transcription to occur, but the nucleic acid is still said to encode the unit or component as the
genetic information is intrinsic to the nucleic acid’s sequence or structure. As used herein, “non-
functional” indicates that the DNA strand or molecule cannot be transcribed into mRNA that
encodes a reporter protein, as the promoter, RBS, and coding sequence are not all present on the
same strand and/or molecule.

[0046] The parts of the nucleic acid sensor system are designed so that a target nucleic acid (RNA
or ssDNA) can hybridize and bridge the nucleic acids or domains at the hybridization site and/or
junction site enabling a ligase to connect the two nucleic acids or domains into a single strand.
Subsequent elongation of a ‘primer’ complementary to a 3° region of the joined/connected/ligated
non-template (sense) strand by a DNA polymerase results in the formation of a functional dsDNA
expression cassette than can be transcribed by RNA polymerase and translated into a reporter
protein (see e.g., Fig. 1).

[0047] Described herein is a nucleic acid sensor system, including, a first nucleic acid and a second
nucleic acid. The first and second nucleic acids can each be a molecule or a sequence. The first
nucleic acid comprises a 3’ hybridization region. The 3” hybridization region is located at the 3’
end of the first nucleic acid. The 3’ hybridization region is complementary to a first region of a
target nucleic acid. The second nucleic acid comprises a 5’ hybridization region. The 5’
hybridization region is located at the 5 end of the second nucleic acid. The 5° hybridization region
is complementary to a second region of the target nucleic acid. In some embodiments of any of the
aspects, the first and second regions of the target nucleic acid are adjacent, contiguous, and/or
consecutive with each other.

[0048] The first nucleic acid and the second nucleic acid can be bridged or brought into close
proximity by a target nucleic acid. The first region of the target nucleic acid hybridizes to the
upstream hybridization region (e.g., 3’ hybridization region) of the first nucleic acid. The second
region of the target nucleic acid hybridizes to the downstream hybridization region (e.g., 5’
hybridization region) of the second nucleic acid. Since the first and second regions of the target

nucleic acid are adjacent, contiguous, and/or consecutive with each other, the 3’ hybridization
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region of the first nucleic acid is brought into close proximity to the 5 hybridization region of the
second nucleic acid. The 3’ hybridization region and the 5’ hybridization region, which in some
embodiments of any of the aspects includes a 5” phosphate, can be joined, connected or ligated by
a ligase. The ligated first and second nucleic acids form a non-template cassette encoding a
promoter, a ribosome binding site, and a coding sequence for a reporter protein. In some
embodiments of any of the aspects, the first and second nucleic acids, once ligated together by a
ligase, are referred to as the first and second domains. The first and second nucleic acids can be
separate molecules or sequences, whereas the first and second domains can be located on the same
molecule or sequence following hybridization and ligation of the first and second nucleic acids.
[0049] In some embodiments of any of the aspects, the first nucleic acid and the second nucleic
acid, when ligated together, are configured to encode a non-template cassette comprising a
promoter, a ribosome binding site, and a coding sequence for a reporter protein. In some
embodiments of any of the aspects, the first nucleic acid and the second nucleic acid, when ligated
together and hybridized to a target nucleic acid that hybridizes to the 3” hybridization region and
the 5° hybridization region, are configured to encode a non-template cassette comprising a
promoter, a ribosome binding site, and a coding sequence for a reporter protein. In some
embodiments of any of the aspects, a target nucleic acid hybridization sequence is located within
the cassette, and the cassette is separated into a first nucleic acid and second nucleic acid wherein
the separation occurs within the hybridization region.

[0050] In some embodiments of any of the aspects, the first nucleic acid includes the promoter,
and the second nucleic acid includes the coding sequence for a reporter protein. In some
embodiments of any of the aspects, the first nucleic acid includes the promoter and ribosome
binding site and the second nucleic acid includes the coding sequence for a reporter protein.
[0051] In some embodiments of any of the aspects, the system further comprises a primer
complementary to a 3° region of the second nucleic acid or complementary to a sequence which is
3’ of the coding sequence in the second nucleic acid or domain. In some embodiments of any of
the aspects, the system further comprises a primer complementary to a 3 region of the second
nucleic acid or complementary to a sequence which is 3’ of any promoter, ribosome binding site,
or coding sequence in the second nucleic acid or domain. In some embodiments of any of the
aspects, the first nucleic acid and the second nucleic acid are DNA. In some embodiments of any

of the aspects, the first nucleic acid and the second are ssDNA.
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[0052] Further described herein is a nucleic acid sensor system, including a) a non-functional,
single-stranded, non-template form of a DNA expression cassette including: 1) a promoter, ii) a
RBS, iii) a coding sequence for a reporter protein, wherein a target nucleic acid hybridization
sequence is inserted within the cassette, and the cassette is separated into two nucleic acids, or
domains, wherein the separation occurs within the hybridization region, b) a single-stranded DNA
primer complementary to a 3’ region of the expression cassette or complementary to a sequence
which is 3’ of the coding sequence in the second nucleic acid or domain, ¢) a ligase and a cell-free
expression system.

[0053] Further described herein is a nucleic acid sensor system, including a) a non-functional,
single-stranded, non-template form of a DNA expression cassette including: 1) a promoter, ii) a
RBS, iii) a coding sequence for a reporter protein, wherein a target nucleic acid hybridization
sequence is inserted within the cassette, and the cassette is separated into two molecules,
sequences, nucleic acids, or domains, wherein the separation occurs within the hybridization
region, b) a single-stranded DNA primer complementary to a 3’ region of the expression cassette
or complementary to a sequence which is 3’ of any promoter, ribosome-binding site, or coding
sequence in the second nucleic acid or domain, c) a ligase and a cell-free expression system.
[0054] Described herein is a nucleic acid sensor system, referred to in some aspects or
embodiments as a version 1 (v1) nucleic acid system (see e.g., Fig. 3). In some embodiments of
any of the aspects, the first nucleic acid or domain comprises the promoter, the ribosome binding
site, and a start codon of the coding sequence for the reporter protein, and the second nucleic acid
or domain comprises the remaining coding sequence for the reporter protein. In some embodiments
of any of the aspects, this nucleic acid system comprises a) a first ssDNA nucleic acid or domain
including from 5’ to 3’, a non-template (sense) strand of’ 1) a promoter, ii) a RBS, 1ii) a start codon,
and iv) a 3’ hybridization region, in the form of a reading frame in-frame with the start codon, b)
a second ssDNA nucleic acid or domain including from 5’ to 3°, a non-template (sense) strand of:
1) a 5” hybridization region, in the form of a reading frame in-frame with the start codon, and ii) a
coding sequence for a reporter protein or polypeptide linked downstream of the hybridization
region and in-frame with the start codon, and ¢) a ssDNA primer complementary to a 3’ region of
the second nucleic acid or domain.

[0055] In some embodiments of any of the aspects, either the first or second nucleic acid or domain

comprises the promoter, the ribosome binding site, and a start codon of the coding sequence for
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the reporter protein, and the remaining nucleic acid or domain comprises the remaining coding
sequence for the reporter protein. In some embodiments of any of the aspects, this nucleic acid
system comprises a) a first ssDNA nucleic acid or domain including from 5’ to 3’, a non-template
(sense) strand of: 1) a promoter, i1) a RBS, iii) a start codon, and iv) an upstream portion of a
hybridization region (e.g., 3’ hybridization region), in the form of a reading frame in-frame with
the start codon, b) a second ssDNA nucleic acid or domain including from 5’ to 3’, a non-template
(sense) strand of: 1) a downstream portion of the hybridization region (e.g., 5’ hybridization
region), in the form of a reading frame in-frame with the start codon, and i1) a coding sequence
for a reporter protein linked downstream of the hybridization region and in-frame with the start
codon, and ¢) a ssDNA primer complementary to a 3’ region of the second domain.

[0056] Further described herein is a nucleic acid sensor system, referred to in some aspects or
embodiments as a version 2 (v2) nucleic acid system (see e.g., Fig. 3). In some embodiments of
any of the aspects, the first nucleic acid or domain comprises the promoter and the second nucleic
acid or domain comprises the ribosome binding site and coding sequence for the reporter protein.
In some embodiments of any of the aspects, this nucleic acid system comprises: a) a first ssSDNA
nucleic acid or domain including from 5’ to 3°, a non-template (sense) strand of’ 1) a promoter, and
i) a 3° hybridization region, b) a second ssDNA domain including from 5’ to 3°, a non-template
(sense) strand of: 1) a 5” hybridization region, ii) a RBS, and iii) a start codon linked in-frame with
a coding sequence for a reporter protein, and c¢) a ssSDNA primer complementary to a 3’ region of
the second nucleic acid or domain or complementary to a sequence which is 3’ of the coding
sequence in the second nucleic acid or domain.

[0057] In some embodiments of any of the aspects, either the first or second nucleic acid or domain
comprises the promoter and the remaining nucleic acid or domain comprises the ribosome binding
site and coding sequence for the reporter protein. In some embodiments of any of the aspects, this
nucleic acid system comprises: a) a first ssDNA nucleic acid or domain including from 5’ to 3°, a
non-template (sense) strand of: 1) a promoter, and ii) an upstream portion of a hybridization region
(e.g., 3’ hybridization region), b) a second ssDNA domain including from 5’ to 3°, a non-template
(sense) strand of: 1) a downstream portion of the hybridization region (e.g., 5’ hybridization
region), i1) a RBS, and iii) a start codon linked in-frame with a coding sequence for a reporter

protein, and c¢) a ssDNA primer complementary to a 3’ region of the second nucleic acid or domain
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or complementary to a sequence which is 3’ of any promoter, ribosome binding site, or coding
sequence in the second nucleic acid or domain.

[0058] Described herein is a nucleic acid sensor system, referred to in some aspects or
embodiments as a version 3 (v3) nucleic acid system (see e.g., Fig. 3). In some embodiments of
any of the aspects, first nucleic acid or domain comprises the promoter, the ribosome binding site,
and a 5’ portion of the coding sequence for the reporter protein, and the second nucleic acid or
domain comprises the remaining coding sequence for the reporter protein. In some embodiments
of any of the aspects, this nucleic acid system comprises: a) a first ssDNA nucleic acid or domain
including from 5’ to 3°, a non-template (sense) strand of’ 1) a promoter, ii) a RBS, iii) a start codon
linked in-frame with an upstream portion of a coding sequence for a reporter protein, e.g.,
comprising a start codon and at least one additional codon, and iv) a 3° hybridization region in the
form of a reading frame linked downstream of and in-frame with the upstream portion of a coding
sequence for a reporter protein, b) a second ssDNA nucleic acid or domain including from 5’ to
3’, anon-template (sense) strand of: 1) a 5’ hybridization region in the form of a reading frame in-
frame with the start codon, and i1) a downstream portion of a coding sequence for the reporter
protein linked downstream of and in-frame with the downstream portion of the hybridization
region, and ¢) a ssDNA primer complementary to the second nucleic acid domain at its 3’ end or
complementary to a sequence which is 3’ of the coding sequence in the second nucleic acid or
domain.

[0059] In some embodiments of any of the aspects, either the first or second nucleic acid or domain
comprises the promoter, the ribosome binding site, and a 5” portion of the coding sequence for the
reporter protein, and the remaining nucleic acid or domain comprises the remaining coding
sequence for the reporter protein. In some embodiments of any of the aspects, this nucleic acid
system comprises: a) a first sSSDNA nucleic acid or domain including from 5’ to 3°, a non-template
(sense) strand of: 1) a promoter, ii) a RBS, iii) a start codon linked in-frame with an upstream
portion of a coding sequence for a reporter protein, e.g., comprising a start codon and at least one
additional codon, and iv) an upstream portion of a hybridization region (e.g., 3’ hybridization
region) in the form of a reading frame linked downstream of and in-frame with the upstream
portion of a coding sequence for a reporter protein, b) a second ssDNA nucleic acid or domain
including from 5 to 3’, a non-template (sense) strand of: 1) a downstream portion of the

hybridization region (e.g., 5” hybridization region) in the form of a reading frame in-frame with
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the start codon, and i1) a downstream portion of a coding sequence for the reporter protein linked
downstream of and in-frame with the downstream portion of the hybridization region, and c) a
ssDNA primer complementary to the second nucleic acid domain at its 3’ end or complementary
to a sequence which is 3’ of any promoter, ribosome binding site, or coding sequence in the second
nucleic acid or domain.

[0060] In some embodiments of any of the aspects, the 3” hybridization region and 5° hybridization
region are located in the coding sequence of the reporter protein or polypeptide (e.g., the v3 nucleic
acid sensor system). In some embodiments of any of the aspects, the 3’ hybridization region and
5° hybridization region are located within a region encoding for a solvent exposed loop of the
reporter protein. As used herein, a “solvent exposed loop” refers to a region of a protein that is on
the external (solvent) side of a protein. A solvent exposed loop can be more conformationally
flexible than other regions of the protein. A solvent exposed loop can represent an optimal site for
insertion of an exogenous nucleic acid sequence or sequences (e.g., the 3’ and 5 hybridization
regions). Inserting an exogenous nucleic acid sequence into a solvent exposed loop could be more
likely to not disrupt the protein’s normal structure and or function. By way of non-limiting
example, specific solvent-exposed loop sites tested or used for insertion of the 3° and 5’
hybridization regions into Nanoluciferase include ESO-N51, L66-S67, G123-K124, G135-N136,
or N145-P146 (see e.g., Example 17). As another non-limiting example, specific solvent-exposed
loop sites tested or used for insertion of the 3’ and 5’ hybridization regions into Nanoluciferase
include Y17-N18, G26-G27, $29-S30, G36-G37, E50-N51, L66-S67, K79-V80, D86-H87, D101-
G102, R113-P114, G123-K124, G135-N136, N145-P146, and N157-G148 (see e.g., Example 18).
In some embodiments of any of the aspects, the 3” hybridization region and 5° hybridization region
are located in the coding sequence of the reporter protein and do not substantially impact reporter
gene function, or in structured regions that enable detection via protein-protein or protein-small
molecule interaction.

[0061] In some embodiments of any of the aspects, at least a portion of the 3° hybridization region
is in the promoter, the ribosome binding site, or the coding sequence. In some embodiments of any
of the aspects, at least a portion of the 5’ hybridization region is in the promoter, the ribosome
binding site, or the coding sequence. In some embodiments of any of the aspects, the 3’
hybridization region is not within or co-extensive with the promoter, the ribosome binding site, or

the coding sequence. In some embodiments of any of the aspects, the 3° hybridization region is 3’
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of any promoter, ribosome binding site, or coding sequence in the first nucleic acid or domain. In
some embodiments of any of the aspects, the 5’ hybridization region is not within or co-extensive
with the promoter, the ribosome binding site, or the coding sequence. In some embodiments of
any of the aspects, the 5’ hybridization region is 5’ of any promoter, ribosome binding site, or
coding sequence in the second nucleic acid.

[0062] In various embodiments of the aforementioned, the first and second ssDNA nucleic acids
or domains are separate DNA fragments and the second ssDNA nucleic acid or domain includes a
5’ phosphate. In some embodiments of any of the aspects, the second ssDNA nucleic acid or
domain further includes a nucleotide sequence or linker at its 3’ end including the ssDNA primer
in a terminal hairpin loop (see e.g., Fig. 2B (ii) or Fig. 2B (iii)). In some embodiments of any of
the aspects, the 5’ end of the first nucleic acid or domain further includes a sequence or linker that
forms a terminal hairpin loop (see e.g., Fig. 2B (iii)). In some embodiments of any of the aspects,
the 5° end of the first nucleic acid or domain is linked to the 3” end of the second nucleic acid or
domain through intervening ssDNA sequences so that the first and second domains are present on
a single ssDNA sequence (see e.g., Fig. 2B (i)).

[0063] In some embodiments of any of the aspects, the full hybridization region (e.g., both of the
3’ and 5’ hybridization regions) is at least 12-60 nucleotides. In some embodiments of any of the
aspects, the full hybridization region is at least 12 to 40 nucleotides. In some embodiments of any
of the aspects, the full hybridization region is at least 12 to 36 nucleotides. In some embodiments
of any of the aspects, the full hybridization region is at least 12 nucleotides. In some embodiments
of any of the aspects, the 3’ hybridization region (e.g., the upstream portion of the hybridization
region) and the 5° hybridization region (e.g., the downstream portion of the hybridization region)
are each at least 6-20 nucleotides. In some embodiments of any of the aspects, the 3” hybridization
region and the 5” hybridization region are each at least 6-18 nucleotides. In some embodiments of
any of the aspects, the 3° hybridization region and the 5 hybridization region are each at least 18
nucleotides. In some embodiments of any of the aspects, the 3” hybridization region and the 5’
hybridization region are each at least 6 nucleotides.

[0064] In some embodiments of any of the aspects, the 3’ hybridization region and the 5’
hybridization region are complementary to a portion of the target nucleic acid such that
hybridization of the target nucleic acid to the 3’ and 5° hybridization regions creates a junction

between the first and second nucleic acids or domains sufficient for productive ligation to occur.
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In some embodiments of any of the aspects, the hybridization regions and the complementary
targeted portion of the target nucleic acid are complementary by 80 to 85%, 85% to 90%, 90 to
95%, 95 to 99%, or 99% or more percent identity, wherein percent identity is established by
selecting a comparison window between two sequences of n nucleotides, and the degree of
complementary base pairs within the comparison is divided by » nucleotides in the comparison
window, or any other technique for determining percent identity readily known to one of ordinary
skill. A junction of the nucleic acids or domains can refer to a point at which the two molecules
or domains are in physical contact, or positioned such that ligation of the two molecules or domains
are capable of being ligated to each other at the junction.

[0065] In some embodiments of any of the aspects, the nucleic acid sensor system includes a
primer complementary to a 3’ region of the second nucleic acid. In some embodiments of any of
the aspects, the primer is complementary to a sequence which is 3’ of the coding sequence in the
second nucleic acid or domain. In some embodiments of any of the aspects, the primer is
complementary to a sequence which is 3’ of any promoter, ribosome binding site, or coding
sequence in the second nucleic acid or domain. In some embodiments of any of the aspects, the
primer is ssDNA. In some embodiments of any of the aspects, the primer binds to the second
nucleic acid or domain and allows for DNA polymerization of the template strand that is
complementary to the non-template strand. In some embodiments of any of the aspects, the primer
is SEQ ID NO: 19.

[0066] Reporter proteins are those which provide a detectable signal and/or comprise the ability
to generate a detectable signal (e.g. by catalyzing reaction converting a compound to a detectable
product, or binding to another molecule that enables detection). Detectable signals can comprise,
for example, fluorescence or luminescence. Detectable signals, methods of detecting them, and
methods of incorporating them into reagents (e.g. polypeptides comprising a reporter protein) are
well known in the art. In some embodiments of any of the aspects, detectable signals can include
signals that can be detected by spectroscopic, photochemical, biochemical, immunochemical,
electromagnetic, radiochemical, or chemical means, such as fluorescence, chemifluorescence, or
chemiluminescence, or any other appropriate means. In some embodiments of any of the aspects,
the reporter protein is selected from the group consisting of luciferase, nanoluciferase, beta-
lactamase, beta-galactosidase, horseradish peroxidase, alkaline phosphatase, catalase, carbonic

anhydrase, green fluorescent protein, red fluorescent protein, cyan fluorescent protein, yellow
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fluorescent protein, trypsin, a protease, a peptide that complements and activates a truncated
reporter protein, a kinase.

[0067] In some embodiments of any of the aspects, the systems include one or more of ligase, a
RNA polymerase, a strand-displacing DNA polymerase, dNTPs, RNAse inhibitor, and a cell free
expression system. In some embodiments of any of the aspects, the systems may also include a
reverse transcriptase with a functional RNaseH domain. In some embodiments of any of the
aspects, the systems may include separate reverse transcriptase and RNaseH activities. In some
embodiments of any of the aspects, the cell free expression system is whole cell extract.

[0068] As described herein, the nucleic acid system can comprise: a) a single-stranded DNA
(ssDNA) primer complementary to 1) a 3’ region of the expression cassette, ii) a 3’ region of the
second nucleic acid or domain, iii) a sequence which is 3” of the coding sequence in the second
nucleic acid or domain, or iv) a sequence which is 3’ of any promoter, ribosome binding site, or
coding sequence in the expression cassette; b) a ligase; and/or c) a cell-free expression system.
[0069] As described herein, the nucleic acid system can comprise: a) a single-stranded DNA
(ssDNA) primer complementary to 1) a 3’ region of the expression cassette, ii) a 3’ region of the
second nucleic acid or domain, iii) a sequence which is 3’ of any promoter, ribosome binding site,
or coding sequence in the second nucleic acid or domain, or iv) a sequence which is 3’ of any
promoter, ribosome binding site, or coding sequence in the expression cassette; b) a ligase; and/or
c) a cell-free expression system.

[0070] As used herein, a “polymerase” refers an enzyme that catalyzes the synthesis of long
nucleic acids. As used herein, a “strand-displacing polymerase” refers to a polymerase which has
the ability to displace or dislodge downstream DNA or RNA (e.g., the target DNA or RNA
hybridized to the nucleic acid sensor system) encountered during synthesis. DNA polymerases
exhibit varying degrees of strand displacement activity. DNA polymerases with low strand-
displacement activity are often unable to synthesize DNA past a downstream DNA or RNA,
potentially resulting in incomplete DNA polymerization. DNA polymerases with high strand-
displacement activity are often able to synthesize DNA past a downstream DNA or RNA, resulting
in complete DNA polymerization. In some embodiments of any of the aspects, the strand
displacing DNA polymerase is selected from the group consisting of a Klenow fragment with
exonuclease portion, a Klenow fragment without the exonuclease portion, a phi29 polymerase, a

modified T7 DNA polymerase, a polymerase from Psychrobacillus, a polymerase from
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Psychrobacillus with enhanced strand displacement, and a polymerase from B. subfilis (see e.g.,
Example 13, Example 16). .

[0071] In some embodiments of any of the aspects, the junction (e.g., the 3’ or 5’ hybridization
region) is configured to hybridize against a polymorphism of the target nucleic acid. In some
embodiments of any of the aspects, the free end of the junction or the 3° or 5* hybridization region
is configured to hybridize to a polymorphism of the target nucleic acid. In some embodiments of
any of the aspects, the polymorphism is located at one or both of the two bases at the junction of
the hybridization region, on either or both the upstream or downstream ssDNA sensor domain. In
some embodiments of any of the aspects, one or more polymorphisms may be optionally
introduced within the hybridization region. As a non-limiting example, four different exemplary
variants (polymorphisms) were tested (see e.g., Example 15).

[0072] In some embodiments of any of the aspects, the first and second nucleic acids can be
separate molecules or sequences. In some embodiments of any of the aspects, the first and second
nucleic acids, when ligated together, after being ligated together, or after being ligated together by
a ligase, are referred to as the first and second domains. The first and second nucleic acids can be
separate molecules or sequences, whereas the first and second domains can be located on the same
molecule or sequence following hybridization and ligation of the first and second nucleic acids.
[0073] In some embodiments, one or more components of the nucleic acid sensor systems
described herein can be conjugated to a solid substrate. The solid substrate can be selected from a
group consisting of: a bead, a magnetic microbead, a paramagnetic microbead, a microporous
membrane, a hollow fiber, any other fluid filtration membrane, a flow device, a microtiter plate, a
test tube, a cell culture plate, a microarray plate, glass beads, latex beads, a living cell, an
extracellular matrix of a biological tissue or organ, and a phagocyte. In some embodiments of any
of the aspects, the solid substrate can be attached or conjugated to the first nucleic acid, the second
nucleic acid, the first domain, the second domain, the primer, and/or the target nucleic acid. In
some embodiments of any of the aspects, the solid substrate is attached or conjugated to the first
nucleic acid and/or the second nucleic acid.

[0074] As used herein, “components of the nucleic acid sensor system” refers to the first part, the
second part, or the first nucleic acid, the second nucleic acid, or the first domain, the second
domain, or A domain, B domain, or first sequence, second sequence, and/or the primer, and/or the

target nucleic acid. Without limitations, exemplary types of substrates that can be employed
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include, but are not limited to a nucleic acid scaffold, a biological molecule (e.g., a living cell), or
a solid surface. In some embodiments of any of the aspects, the solid surface can be functionalized
with a coupling molecule, e.g., an amino group, to facilitate the conjugation of components of the
nucleic acid sensor system to the solid surface.

[0075] The attachment of components of the nucleic acid sensor system to a substrate surface can
be performed with multiple approaches, for example, by direct cross-linking the components of
the nucleic acid sensor system to the substrate surface; cross-linking the components of the nucleic
acid sensor system to the substrate surface via a nucleic acid matrix (e.g., DNA matrix or
DNA/oligonucleotide origami structures); cross-linking the components of the nucleic acid sensor
system to the substrate surface via a dendrimer-like structure (e.g., PEG/Chitin-structure);
attracting magnetic microbeads coated with components of the nucleic acid sensor system to the
substrate surface with a focused magnetic field gradient applied to the substrate surface, attaching
components of the nucleic acid sensor system to a substrate via biotin-avidin or biotin-avidin-like
interaction, or any other art-recognized methods.

[0076] The components of the nucleic acid sensor system can be adapted for orienting the
hybridization region away from the substrate. A component of the nucleic acid sensor system can
comprise a nucleic acid sequence or polypeptide sequence which binds to a target sequence or
binding partner on the solid substrate. Alternatively, or additionally, the surface of a substrate can
be functionalized to include coupling molecules described herein. As used herein, the term
“coupling molecule” refers to any molecule or any functional group that is capable of selectively
binding with a component of the nucleic acid sensor system described herein. Representative
examples of coupling molecules include, but are not limited to, antibodies, antigens, lectins,
proteins, peptides, nucleic acids (DNA, RNA, PNA and nucleic acids that are mixtures thereof or
that include nucleotide derivatives or analogs); receptor molecules, such as the insulin receptor;
ligands for receptors (e.g., insulin for the insulin receptor); and biological, chemical or other
molecules that have affinity for another molecule, such as biotin and avidin. The coupling
molecules need not comprise an entire naturally occurring molecule but may consist of only a
portion, fragment or subunit of a naturally or non-naturally occurring molecule, as for example the
Fab fragment of an antibody. The coupling molecule can further comprise a detectable label. The

coupling molecule can also encompass various functional groups that can couple the substrate to

22



WO 2020/037038 PCT/US2019/046497

the components of the nucleic acid sensor system. Examples of such functional groups include,
but are not limited to, an amino group, a carboxylic acid group, an epoxy group, and a tosyl group.
[0077] In some embodiments of any of the aspects, the components of the nucleic acid sensor
system can be conjugated to a substrate surface through a covalent or non-covalent interaction.
The component of the nucleic acid sensor system - and/or coupling molecule can be conjugated to
the surface of a solid substrate covalently or non-covalently using any of the methods known to
those of skill in the art. For example, covalent immobilization can be accomplished through, for
example, silane coupling. See, e.g., Weetall, 15 Adv. Mol. Cell Bio. 161 (2008); Weetall, 44
Meths. Enzymol. 134 (1976). The covalent interaction between the components of the nucleic acid
sensor system and/or coupling molecule and the surface can also be mediated by other art-
recognized chemical reactions, such as NHS reaction or a conjugation agent. The non-covalent
interaction between the component of the nucleic acid sensor system and/or coupling molecule
and the surface can be formed based on ionic interactions, van der Waals interactions, dipole-
dipole interactions, hydrogen bonds, electrostatic interactions, and/or shape recognition
interactions.

[0078] Without limitations, conjugation can include either a stable or a labile (e.g. cleavable) bond
or conjugation agent. Exemplary conjugations include, but are not limited to, covalent bond,
amide bond, additions to carbon-carbon multiple bonds, azide alkyne Huisgen cycloaddition,
Diels-Alder reaction, disulfide linkage, ester bond, Michael additions, silane bond, urethane,
nucleophilic ring opening reactions: epoxides, non-aldol carbonyl chemistry, cycloaddition
reactions: 1,3-dipolar cycloaddition, temperature sensitive, radiation (IR, near-IR, UV) sensitive
bond or conjugation agent, pH-sensitive bond or conjugation agent, non-covalent bonds (e.g.,
ionic charge complex formation, hydrogen bonding, pi-pi interactions, cyclodextrin/adamantly
host guest interaction) and the like.

[0079] As used herein, the term "conjugation agent" means an organic moiety that connects two
parts of a compound. Linkers typically comprise a direct bond or an atom such as oxygen or sulfur,
a unit such as NR1, C(0O), C(O)NH, SO, SO2, SO2NH or a chain of atoms, such as substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl,
cycloalkyl, cycloalkenyl, alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl,
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alkenylarylalkenyl, alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl,
alkylheteroarylalkyl, alkylheteroarylalkenyl, alkylheteroarylalkynyl, alkenylheteroarylalkyl,

alkenylheteroarylalkenyl, alkenylheteroarylalkynyl, alkynylheteroarylalkyl,
alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,

alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl,
alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, where one or more methylenes can be
interrupted or terminated by O, S, S(O), SO2, NH, C(O)N(R1)2, C(0O), cleavable linking group,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted heterocyclic, where R1 is hydrogen, acyl, aliphatic or substituted aliphatic.

[0080] Without limitations, any conjugation chemistry known in the art for conjugating two
molecules or different parts of a composition together can be used for linking at least one
component of the nucleic acid sensor system to a substrate. Exemplary coupling molecules and/or
functional groups for conjugating at least one component of the nucleic acid sensor system to a
substrate include, but are not limited to, a polyethylene glycol (PEG, NH2-PEGX-COOH which
can have a PEG spacer arm of various lengths X, where 1 < X < 100, e.g., PEG-2K, PEG-5K,
PEG-10K, PEG-12K, PEG-15K, PEG-20K, PEG-40K, and the like), maleimide conjugation agent,
PASylation, HESylation, Bis(sulfosuccinimidyl) suberate conjugation agent, DNA conjugation
agent, peptide conjugation agent, silane conjugation agent, polysaccharide conjugation agent,
hydrolyzable conjugation agent, and any combinations thereof.

[0081] In alternative embodiments, the components of the nucleic acid sensor system can be
conjugated onto the surface of the solid substrate by a coupling molecule pair. The terms “coupling
molecule pair” and “coupling pair” as used interchangeably herein refer to the first and second
molecules that specifically bind to each other. One member of the binding pair is conjugated with
the solid substrate while the second member is conjugated with the component of the nucleic acid
sensor system. As used herein, the phrase "first and second molecules that specifically bind to each
other” refers to binding of the first member of the coupling pair to the second member of the
coupling pair with greater affinity and specificity than to other molecules.

[0082] Exemplary coupling molecule pairs include, without limitations, any haptenic or antigenic

compound in combination with a corresponding antibody or binding portion or fragment thereof
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(e.g., digoxigenin and anti-digoxigenin; mouse immunoglobulin and goat anti-mouse
immunoglobulin) and non-immunological binding pairs (e.g., biotin-avidin, biotin-streptavidin),
hormone (e.g., thyroxine and cortisol-hormone binding protein), receptor-receptor agonist,
receptor-receptor antagonist (e.g., acetylcholine receptor-acetylcholine or an analog thereof), IgG-
protein A, lectin-carbohydrate, enzyme-enzyme cofactor, enzyme-enzyme inhibitor, and
complementary oligonucleotide pairs capable of forming nucleic acid duplexes). The coupling
molecule pair can also include a first molecule that is negatively charged and a second molecule
that is positively charged.

[0083] One example of using coupling pair conjugation is the biotin-avidin or biotin-streptavidin
conjugation. In this approach, one of the members of the coupling pair (e.g., a portion of the
component of the nucleic acid sensor system such as the 5” end, or a substrate) is biotinylated and
the other (e.g., a substrate or the component of the nucleic acid sensor system) is conjugated with
avidin or streptavidin. Many commercial kits are also available for biotinylating molecules, such
as nucleic acids or proteins. For example, an aminooxy-biotin (AOB) can be used to covalently
attach biotin to a molecule with an aldehyde or ketone group. In one embodiment, AOB is attached
to the substrate-binding domain (e.g., comprising AKT oligopeptide) of the components of the
nucleic acid sensor system.

[0084] One non-limiting example of using conjugation with a coupling molecule pair is the biotin-
sandwich method. See, e.g., Davis et al,, 103 PNAS 8155 (2006). The two molecules to be
conjugated together are biotinylated and then conjugated together using tetravalent streptavidin.
In addition, a peptide can be coupled to the 15-amino acid sequence of an acceptor peptide for
biotinylation (referred to as AP; Chen et al., 2 Nat. Methods 99 (2005)). The acceptor peptide
sequence allows site-specific biotinylation by the E. coli enzyme biotin ligase (BirA; 1d.). A
component of the nucleic acid sensor system can be similarly biotinylated for conjugation with a
solid substrate. Many commercial kits are also available for biotinylating nucleic acids or proteins.
Another example for conjugation to a solid surface would be to use PLP —mediated bioconjugation.
See, e.g., Witusetal,, 132 JACS 16812 (2010). As described earlier, an AKT sequence conjugated
to the 5° end of a component of the nucleic acid sensor system can allow the substrate binding
domain to be biotinylated at a single site and further conjugated to the streptavidin-coated solid

surface.
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[0085] Still another example of using coupling pair conjugation is double-stranded nucleic acid
conjugation. In this approach, one of the members of the coupling pair (e.g., a component of the
nucleic acid sensor system) can be conjugated with a first strand of the double-stranded nucleic
acid and the other (e.g., a substrate, or component of the nucleic acid sensor system) is conjugated
with the second strand of the double-stranded nucleic acid. Nucleic acids can include, without
limitation, defined sequence segments and sequences comprising nucleotides, ribonucleotides,
deoxyribonucleotides, nucleotide analogs, modified nucleotides and nucleotides comprising
backbone modifications, branch points and non-nucleotide residues, groups or bridges.

[0086] In some embodiments of any of the aspects, the linker can comprise at least one cleavable
linking group. A cleavable linking group is one which is sufficiently stable under one set of
conditions, but which is cleaved under a different set of conditions to release the two parts the
linker is holding together.

[0087] Cleavable linking groups are susceptible to cleavage agents, e.g., hydrolysis, pH, redox
potential or the presence of degradative molecules. Examples of such degradative agents include:
redox agents which are selected for particular substrates or which have no substrate specificity,
including, e.g., oxidative or reductive enzymes or reductive agents such as mercaptans, present in
cells, that can degrade a redox cleavable linking group by reduction; esterases; amidases;
endosomes or agents that can create an acidic environment, e.g., those that result in a pH of five
or lower; enzymes that can hydrolyze or degrade an acid cleavable linking group by acting as a
general acid, peptidases (which can be substrate specific) and proteases, and phosphatases. A
linker can include a cleavable linking group that is cleavable by a particular enzyme. The type of
cleavable linking group incorporated into a linker can depend on the cell, organ, or tissue to be
targeted.

[0088] Exemplary cleavable linking groups include, but are not limited to, hydrolyzable linkers,
redox cleavable linking groups (e.g., -S-S- and -C(R)2-S-S-, wherein R is H or C1-C6 alkyl and at
least one R is C1-C6 alkyl such as CH3 or CH2CH3); phosphate-based cleavable linking groups
(e.g., -O-P(O)(OR)-0O-, -O-P(S)(OR)-0-, -O-P(S)(SR)-O-, -S-P(0)(OR)-O-, -O-P(O)(OR)-S-, -S-
P(O)(OR)-S-, -O-P(S)(ORKk)-S-, -S-P(S)(OR)-0O-, -O-P(0)(R)-0O-, -O-P(S)(R)-O-, -S-P(O)(R)-O-
, -S-P(S)(R)-O-, -S-P(O)R)-S-, -O-P(S)( R)-S-, . -O-P(O)(OH)-O-, -O-P(S)(OH)-0-, -O-
P(S)(SH)-O-, -S-P(O)(OH)-O-, -O-P(O)(OH)-S-, -S-P(O)(OH)-S-, -O-P(S)(OH)-S-, -S-
P(S)(OH)-0-, -O-P(O)(H)-O-, -O-P(S)(H)-0-, -S-P(O)(H)-O-, -S-P(S)(H)-O-, -S-P(O)(H)-S-, and
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-O-P(S)(H)-S-, wherein R is optionally substituted linear or branched C1-C10 alkyl); acid
cleavable linking groups (e.g., hydrazones, esters, and esters of amino acids, -C=NN- and -OC(O)-
); ester-based cleavable linking groups (e.g., -C(O)O-); peptide-based cleavable linking groups,
(e.g., linking groups that are cleaved by enzymes such as peptidases and proteases in cells, e.g., -
NHCHRAC(O)NHCHRBC(O)-, where RA and RB are the R groups of the two adjacent amino
acids). A peptide based cleavable linking group comprises two or more amino acids. In some
embodiments of any of the aspects, the peptide-based cleavage linkage comprises the amino acid
sequence that is the substrate for a peptidase or a protease. In some embodiments of any of the
aspects, an acid cleavable linking group is cleavable in an acidic environment with a pH of about
6.5 or lower (e.g., about 6.5, 6.0, 5.5, 5.0, or lower), or by agents such as enzymes that can act as
a general acid.

[0089] Activation agents can be used to activate the components to be conjugated together (e.g.,
surface of a substrate). Without limitations, any process and/or reagent known in the art for
conjugation activation can be used. Exemplary surface activation method or reagents include, but
are not limited to, 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride (EDC or
EDAC), hydroxybenzotriazole @ (HOBT), N-Hydroxysuccinimide (NHS), 2-(1H-7-
Azabenzotriazol-1-yl)--1,1,3,3-tetramethyl uronium hexafluorophosphate methanaminium
(HATU), silanization, surface activation through plasma treatment, and the like.

[0090] Again, without limitations, any art known reactive group can be used for coupling. For
example, various surface reactive groups can be used for surface coupling including, but not
limited to, alkyl halide, aldehyde, amino, bromo or iodoacetyl, carboxyl, hydroxyl, epoxy, ester,
silane, thiol, and the like.

[0091] In some embodiments of any of the aspects, the systems and/or conditions described herein
can be provided with a positive control. As used herein, a positive control is a reaction that is
known to produce results or generate a reaction product. As an example, a positive control can be
Target 1 or T1 (SEQ ID NO: 20) and a nucleic acid system known to hybridize to T1. Nucleic
acid systems known to hybridize to T1 include but are not limited to vl _A T1 (SEQ ID NO: 1)
and vl B T1 (SEQ ID NO: 2); vl CSs _T1 (SEQ ID NO: 6); v2 A T1 (SEQ ID NO: 9) and
v2 B T1 (SEQ ID NO: 10); v3_A TI (SEQ ID NO: 13) and v3_B_T1 (SEQ ID NO: 14). As
another example, a positive control can be Target 2 or T2 (SEQ ID NO: 21) and a nucleic acid

system known to hybridize to T2. Nucleic acid systems known to hybridize to T2 include but are
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not limited to vI_A T2 (SEQ ID NO: 3) and vl B T2 (SEQ ID NO: 5), vl A2 T2 (SEQ ID
NO: 4)andvl B T2 (SEQID NO: S); vl _CSt T2 (SEQ ID NO: 7); vl _CSs_T2 (SEQ ID NO:
8); v2 A T2 (SEQ ID NO: 11) and v2 B T2 (SEQ ID NO: 12); v3_A T2 (SEQ ID NO: 15)
and v3 B T2 (SEQ ID NO: 16). As another example, a positive control can be Target 3 or T3
(SEQ ID NO: 22) and a nucleic acid system known to hybridize to T3. Nucleic acid systems
known to hybridize to T2 include but are not limited to v3_A T3 (SEQ ID NO: 17) and v3 B T3
(SEQ ID NO: 18).

[0092] In some embodiment of any of the aspects, a system or composition described herein can
be provided in a kit. In various embodiments, the kit includes instructions for use. The kit is an
assemblage of materials or components, including at least one of the nucleic acid sensor systems
described herein. The exact nature of the components configured in the inventive kit depends on
its intended purpose. In one embodiment, the kit is configured particularly for human subjects. In
further embodiments, the kit is configured for veterinary applications, treating subjects such as,
but not limited to, farm animals, domestic animals, and laboratory animals. In some embodiments,
the kit is configured for agricultural applications, treating for example crop diseases, or detecting
traits. In some embodiments, the kit is configured for industrial applications. In some
embodiments, the kit is configured for consumer applications, for example at-home testing.

[0093] Instructions for use may be included in the kit. “Instructions for use” typically include a
tangible expression describing the technique to be employed in using the components of the kit to
affect a desired outcome in a subject. Still in accordance with the present invention, “instructions
for use” may include a tangible expression describing the preparation of a nucleic acid sensor
systems and/or at least one method parameter, such as the relative amounts of nucleic acid sensor
systems, dosage requirements and administration instructions, and the like, typically for an
intended purpose. Optionally, the kit also contains other useful components, such as, measuring
tools, diluents, buffers, sample collection device (e.g. swabs), instructions for use, and/or other
useful paraphernalia as will be readily recognized by those of skill in the art.

[0094] The materials or components assembled in the kit can be provided to the practitioner stored
in any convenient and suitable ways that preserve their operability and utility. For example, the
components can be in dissolved, dehydrated, or lyophilized form; they can be provided at room,
refrigerated or frozen temperatures. The components are typically contained in suitable packaging

material(s). As employed herein, the phrase “packaging material” refers to one or more physical
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structures used to house the contents of the kit, such as inventive compositions and the like. The
packaging material is constructed by well-known methods, preferably to provide a sterile,
contaminant-free environment. The packaging may also preferably provide an environment that
protects from light, humidity, and oxygen. As used herein, the term “package” refers to a suitable
solid matrix or material such as glass, plastic, paper, foil, polyester (such as polyethylene
terephthalate, or Mylar) and the like, capable of holding the individual kit components in a format
suitable for use. Thus, for example, a package can be a glass vial, plastic vial, or lateral flow strip
used to contain suitable quantities of a composition containing a volume of a nucleic acid sensor
systems described herein. The packaging material generally has an external label which indicates
the contents and/or purpose of the kit and/or its components.

[0095] Described herein is a method for detecting a target nucleic acid in a sample, including a)
providing the aforementioned nucleic acid sensor systems, in which the upstream hybridization
region (e.g., 3’ hybridization region) and downstream hybridization region (e.g., 5’ hybridization
region) are complementary to a portion of the target nucleic acid such that hybridization of the
target nucleic acid to the upstream and downstream hybridization regions creates a junction
between the first and second nucleic acids or domains sufficient for productive ligation to occur to
thereby operatively link all components; b) contacting the nucleic acid sensor system with the
sample in the presence of ligase under conditions appropriate for hybridization of the target nucleic
acid with the upstream hybridization region (e.g., 3’ hybridization region) and downstream
hybridization region (e.g., 5’ hybridization region) and ligation of the upstream hybridization
region (e.g., 3’ hybridization region) and downstream hybridization region (e.g., 5’ hybridization
region), to thereby produce a reaction product; ¢) contacting the reaction product produced in step
b) to a cell free expression system including a strand displacing DNA polymerase, dNTPs and
other building block materials necessary for protein production, and a ssDNA primer under
conditions appropriate for DNA polymerization, transcription and translation to thereby produce
a reaction product, wherein the reaction product is a polypeptide or enzyme; d) measuring directly
or indirectly the presence of the polypeptide or enzyme reaction product of step ¢) compared to
that of an appropriate control, wherein significant reaction product presence indicates the presence
of the target nucleic acid in the sample.

[0096] Described herein is a method for detecting a target nucleic acid in a sample, including a)

providing the aforementioned nucleic acid sensor systems, in which the upstream hybridization
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region (e.g., 3’ hybridization region) and downstream hybridization region (e.g., 5’ hybridization
region) are complementary to a portion of the target nucleic acid such that hybridization of the
target nucleic acid to the upstream and downstream hybridization regions creates a junction
between the first and second nucleic acids or domains sufficient for productive ligation to occur to
thereby operatively link all components; b) contacting the nucleic acid sensor system with the
sample in the presence of ligase under conditions appropriate for hybridization of the target nucleic
acid with the upstream hybridization region (e.g., 3’ hybridization region) and downstream
hybridization region (e.g., 5’ hybridization region) and ligation of the upstream hybridization
region (e.g., 3’ hybridization region) and downstream hybridization region (e.g., 5’ hybridization
region), to thereby produce a reaction product; ¢) contacting the reaction product produced in step
b) to a cell free expression system including a strand displacing DNA polymerase, dNTPs and
other building block materials necessary for protein production, and a ssDNA primer under
conditions appropriate for DNA polymerization, transcription and translation to thereby produce
an operably-linked ssDNA reaction product; d) measuring reporter protein present in the reaction
product of step ¢) compared to that of an appropriate control, wherein significant reporter protein
presence indicates the presence of the target nucleic acid in the sample.

[0097] As used herein, “appropriate control” can refer to a reference sample which may be a
positive or a negative control. As described herein, a positive control is a reaction that is known to
produce results. A negative control is a reaction that is known to produce no results or background
level detection in the absence of a target sequence. For example, a negative control can include a
reaction without a target nucleic acid, with a non-target nucleic acid, or missing one or more
components of the nucleic acid sensor system.

[0098] In some embodiments of any of the aspects, the nucleic acid sensor system components are
each present at about 2 to about 500 nM. In some embodiments of any of the aspects, the nucleic
acid sensor system components are each present at about 16 nM. In some embodiments of any of
the aspects, the nucleic acid sensor system components are each present at about 2 nM, at about 4
nM, at about 6 nM, at about 8 nM, at about 10 nM, at about 12 nM, at about 14 nM, at about 16
nM, at about 18 nM, at about 20 nM, at about 22 nM, at about 24 nM, 26 nM, at about 28 nM, at
about 30 nM, at about 32 nM, at about 34 nM, at about 36 nM, at about 38 nM, at about 40 nM, at
about 42 nM, at about 44 nM, 46 nM, at about 48 nM, or at about 50 nM. In some embodiments

of any of the aspects, the nucleic acid sensor system components are each present at about 60 nM,
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at about 70 nM, at about 80 nM, at about 90 nM, at about 100 nM, at about 110 nM, at about 120
nM, at about 130 nM, at about 140 nM, at about 150 nM, at about 160 nM, at about 170 nM, at
about 180 nM, at about 190 nM, at about 200 nM, at about 210 nM, at about 220 nM, at about 230
nM, at about 240 nM, at about 250 nM, at about 260 nM, at about 270 nM, at about 280 nM, at
about 290 nM, at about 300 nM, at about 310 nM, at about 320 nM, at about 330 nM, at about 340
nM, at about 350 nM, at about 360 nM, at about 370 nM, at about 380 nM, at about 390 nM, at
about 400 nM, at about 410 nM, at about 420 nM, at about 430 nM, at about 440 nM, at about 450
nM, at about 460 nM, at about 470 nM, at about 480 nM, at about 490 nM, or at about 500 nM
[0099] In some embodiments of any of the aspects, the nucleic acid sensor system components are
each present at 2 to 500 nM. In some embodiments of any of the aspects, the nucleic acid sensor
system components are each present at 16 nM. In some embodiments of any of the aspects, the
nucleic acid sensor system components are each present at 2 nM, at 4 nM, at 6 nM, at 8 nM, at
10nM, at 12nM, at 14 nM, at 16 nM, at 18 nM, at 20 nM, at 22 nM, at 24 nM, 26 nM, at 28
nM, at 30 nM, at 32 nM, at 34 nM, at 36 nM, at 38 nM, at 40 nM, at 42 nM, at 44 nM, 46
nM, at 48 nM, or at 50 nM. In some embodiments of any of the aspects, the nucleic acid sensor
system components are each present at 60 nM, at 70 nM, at 80 nM, at 90 nM, at 100 nM, at
110 nM, at 120 nM, at 130 nM, at 140 nM, at 150 nM, at 160 nM, at 170 nM, at 180 nM, at
190 nM, at 200 nM, at 210 nM, at 220 nM, at 230 nM, at 240 nM, at 250 nM, at 260 nM, at
270 nM, at 280 nM, at 290 nM, at 300 nM, at 310 nM, at 320 nM, at 330 nM, at 340 nM, at
350 nM, at 360 nM, at 370 nM, at 380 nM, at 390 nM, at 400 nM, at 410 nM, at 420 nM, at
430 nM, at 440 nM, at 450 nM, at 460 nM, at 470 nM, at 480 nM, at 490 nM, or at 500 nM
[00100] In some embodiments of any of the aspects, the ligase is present at about 10-1000 nM. In
some embodiments of any of the aspects, the ligase is present at about 100 nM. In some
embodiments of any of the aspects, the ligase is present at about 10 nM, at about 20 nM, at about
30 nM, at about 40 nM, at about 50 nM, at about 60 nM, at about 70 nM, at about 80 nM, at about
90 nM, at about 100 nM, at about 110 nM, at about 120 nM, at about 130 nM, at about 140 nM, at
about 150 nM, at about 160 nM, at about 170 nM, at about 180 nM, at about 190 nM, at about 200
nM, at about 210 nM, at about 220 nM, at about 230 nM, at about 240 nM, at about 250 nM, at
about 260 nM, at about 270 nM, at about 280 nM, at about 290 nM, at about 300 nM, at about 310
nM, at about 320 nM, at about 330 nM, at about 340 nM, at about 350 nM, at about 360 nM, at
about 370 nM, at about 380 nM, at about 390 nM, at about 400 nM, at about 410 nM, at about 420
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nM, at about 430 nM, at about 440 nM, at about 450 nM, at about 460 nM, at about 470 nM, at
about 480 nM, at about 490 nM, at about 500 nM, at about 510 nM, at about 520 nM, at about 530
nM, at about 540 nM, at about 550 nM, at about 560 nM, at about 570 nM, at about 580 nM, at
about 590 nM, at about 600 nM, at about 610 nM, at about 620 nM, at about 630 nM, at about 640
nM, at about 650 nM, at about 660 nM, at about 670 nM, at about 680 nM, at about 690 nM, at
about 700 nM, at about 710 nM, at about 720 nM, at about 730 nM, at about 740 nM, at about 750
nM, at about 760 nM, at about 770 nM, at about 780 nM, at about 790 nM, at about 800 nM, at
about 810 nM, at about 820 nM, at about 830 nM, at about 840 nM, at about 850 nM, at about 860
nM, at about 870 nM, at about 880 nM, at about 890 nM, at about 900 nM, at about 910 nM, at
about 920 nM, at about 930 nM, at about 940 nM, at about 950 nM, at about 960 nM, at about 970
nM, at about 980 nM, at about 990 nM, or at about 1000 nM.

[00101] In some embodiments of any of the aspects, the ligase is present at 10-1000 nM. In some
embodiments of any of the aspects, the ligase is present at 100 nM. In some embodiments of any
of the aspects, the ligase is present at 10 nM, at 20 nM, at 30 nM, at 40 nM, at 50 nM, at 60
nM, at 70 nM, at 80 nM, at 90 nM, at 100 nM, at 110 nM, at 120 nM, at 130 nM, at 140 nM,
at 150 nM, at 160 nM, at 170 nM, at 180 nM, at 190 nM, at 200 nM, at 210 nM, at 220 nM,
at 230 nM, at 240 nM, at 250 nM, at 260 nM, at 270 nM, at 280 nM, at 290 nM, at 300 nM,
at 310 nM, at 320 nM, at 330 nM, at 340 nM, at 350 nM, at 360 nM, at 370 nM, at 380 nM,
at 390 nM, at 400 nM, at 410 nM, at 420 nM, at 430 nM, at 440 nM, at 450 nM, at 460 nM,
at 470 nM, at 480 nM, at 490 nM, at 500 nM, at 510 nM, at 520 nM, at 530 nM, at 540 nM,
at 550 nM, at 560 nM, at 570 nM, at 580 nM, at 590 nM, at 600 nM, at 610 nM, at 620 nM,
at 630 nM, at 640 nM, at 650 nM, at 660 nM, at 670 nM, at 680 nM, at 690 nM, at 700 nM,
at 710 nM, at 720 nM, at 730 nM, at 740 nM, at 750 nM, at 760 nM, at 770 nM, at 780 nM,
at 790 nM, at 800 nM, at 810 nM, at 820 nM, at 830 nM, at 840 nM, at 850 nM, at 860 nM,
at 870 nM, at 880 nM, at 890 nM, at 900 nM, at 910 nM, at 920 nM, at 930 nM, at 940 nM,
at 950 nM, at 960 nM, at 970 nM, at 980 nM, at 990 nM, or at 1000 nM.

[00102] In some embodiments of any of the aspects, step b) comprising contacting the nucleic acid
sensor system with the sample in the presence of ligase can comprise incubating or maintain for a
period of from 1 minute to 60 minutes. In some embodiments of any of the aspects, the ligation
reaction of step b) is incubated or maintained for about 1 minute, for about 2 minutes, for about 3

minutes, for about 4 minutes, for about 5 minutes, for about 6 minutes, for about 7 minutes, for
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about 8 minutes, for about 9 minutes, for about 10 minutes, for about 11 minutes, for about 12
minutes, for about 13 minutes, for about 14 minutes, for about 15 minutes, for about 16 minutes,
for about 17 minutes, for about 18 minutes, for about 19 minutes, for about 20 minutes, for about
21 minutes, for about 22 minutes, for about 23 minutes, for about 24 minutes, for about 25 minutes,
for about 26 minutes, for about 27 minutes, for about 28 minutes, for about 29 minutes, for about
30 minutes, for about 31 minutes, for about 32 minutes, for about 33 minutes, for about 34 minutes,
for about 35 minutes, for about 36 minutes, for about 37 minutes, for about 38 minutes, for about
39 minutes, for about 40 minutes, for about 41 minutes, for about 42 minutes, for about 43 minutes,
for about 44 minutes, for about 45 minutes, for about 46 minutes, for about 47 minutes, for about
48 minutes, for about 49 minutes, for about 50 minutes, for about 51 minutes, for about 52 minutes,
for about 53 minutes, for about 54 minutes, for about 55 minutes, for about 56 minutes, for about
57 minutes, for about 58 minutes, for about 59 minutes, or for about 60 minutes. Optionally the
reaction of step b) can be incubated at about ambient temperature (e.g., 24-26°C).

[00103] In some embodiments of any of the aspects, step b) comprising contacting the nucleic acid
sensor system with the sample in the presence of ligase can comprise incubating or maintain for a
period of from 1 minute to 60 minutes. In some embodiments of any of the aspects, the ligation
reaction of step b) is incubated or maintained for 1 minute, for 2 minutes, for 3 minutes, for 4
minutes, for 5 minutes, for 6 minutes, for 7 minutes, for 8 minutes, for 9 minutes, for 10
minutes, for 11 minutes, for 12 minutes, for 13 minutes, for 14 minutes, for 15 minutes, for 16
minutes, for 17 minutes, for 18 minutes, for 19 minutes, for 20 minutes, for 21 minutes, for 22
minutes, for 23 minutes, for 24 minutes, for 25 minutes, for 26 minutes, for 27 minutes, for 28
minutes, for 29 minutes, for 30 minutes, for 31 minutes, for 32 minutes, for 33 minutes, for 34
minutes, for 35 minutes, for 36 minutes, for 37 minutes, for 38 minutes, for 39 minutes, for 40
minutes, for 41 minutes, for 42 minutes, for 43 minutes, for 44 minutes, for 45 minutes, for 46
minutes, for 47 minutes, for 48 minutes, for 49 minutes, for 50 minutes, for 51 minutes, for 52
minutes, for 53 minutes, for 54 minutes, for 55 minutes, for 56 minutes, for 57 minutes, for 58
minutes, for 59 minutes, or for 60 minutes. Optionally the reaction of step b) can be incubated at
ambient temperature (e.g., 24-26°C).

[00104] In some embodiments of any of the aspects, step ¢) comprising contacting the reaction
product produced in step b) to a cell free expression system can comprise incubation or maintaining

for a period of time from 15 minutes to 12 hours. In some embodiments of any of the aspects, the
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reaction of step ¢) is incubated for about 15 minutes, for about 30 minutes, for about 45 minutes,
for about 60 minutes. In some embodiments the reaction of step ¢) is incubated for about 1.0 hour,
for about 1.5 hours, for about 2.0 hours, for about 2.5 hours, for about 3.0 hours, for about 3.5
hours, for about 4.0 hours, for about 4.5 hours, for about 5.0 hours, for about 5.5 hours, for about
6.0 hours, for about 6.5 hours, for about 7.0 hours, for about 7.5 hours, for about 8.0 hours, for
about 8.5 hours, for about 9.0 hours, for about 9.5 hours, for about 10.0 hours, for about 10.5 hours,
for about 11.0 hours, for about 11.5 hours, or for about 12.0 hours,. Optionally the reaction of step
¢) can be incubated at about ambient temperature (e.g., 24-26°C). For example, step b) can be
incubated for a period of from 5 minutes to 15 minutes at ambient temperature (e.g., 24-26°C)
and/or step c¢) can be incubated for a period of time from 60 minutes to 3 hours, at ambient
temperature (e.g., 24-26°C).

[00105] In some embodiments of any of the aspects, step ¢) comprising contacting the reaction
product produced in step b) to a cell free expression system can comprise incubation or maintaining
for a period of time from 15 minutes to 12 hours. In some embodiments of any of the aspects, the
reaction of step c) is incubated for 15 minutes, for 30 minutes, for 45 minutes, for 60 minutes.
In some embodiments the reaction of step ¢) is incubated for 1.0 hour, for 1.5 hours, for 2.0 hours,
for 2.5 hours, for 3.0 hours, for 3.5 hours, for 4.0 hours, for 4.5 hours, for 5.0 hours, for 5.5
hours, for 6.0 hours, for 6.5 hours, for 7.0 hours, for 7.5 hours, for 8.0 hours, for 8.5 hours, for
9.0 hours, for 9.5 hours, for 10.0 hours, for 10.5 hours, for 11.0 hours, for 11.5 hours, or for
12.0 hours,. Optionally the reaction of step c¢) can be incubated at ambient temperature (e.g., 24-
26°C). For example, step b) can be incubated for a period of from 5 minutes to 15 minutes at
ambient temperature (e.g., 24-26°C) and/or step ¢) can be incubated for a period of time from 60
minutes to 3 hours, at ambient temperature (e.g., 24-26°C).

[00106] Those skilled in the art will appreciate that, in some embodiments, particular steps may be
performed in series; in some embodiments particular steps may be performed in parallel or
simultaneously (e.g., in a “one-pot” reaction). For example, in some embodiments, steps b) and c)
may be performed serially; in some embodiments, these steps may be performed in parallel or
simultaneously (e.g., in such “one-pot” reaction).In some embodiments of any of the aspects, the
cell free expression system further comprises an RNAse inhibitor. The RNase inhibitor can inhibit
at least one of RNase A, RNase H, RNase III, RNase L, RNase P, RNase PhyM, RNase T1, Rnase

T2, Rnase U2, or Rnase V. In some embodiments of any of the aspects, the cell free expression
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system further comprises 0.5 nM to 5 uM ssDNA primer complementary to the 3” end of the
second nucleic acid or domain. In some embodiments of any of the aspects, the cell free expression
system further comprises about 1.25 uM ssDNA primer complementary to the 3’ end of the second
nucleic acid or domain. In some embodiments of any of the aspects, the cell free expression system
comprises about 0.5 nM, about 1 nM, about 5 nM, about 10 nM, about 20 nM, about 30 nM, about
40 nM, about 50 nM, about 60 nM, about 70 nM, about 80 nM, about 90 nM, about 100 nM, about
110 nM, about 125 nM, about 250 nM, about 375 nM, about 500 nM, about 625 nM, about 750
nM, about 875 nM, about 1.000 uM, about 1.125 uM, about 1.250 uM, about 1.375 uM, about
1.500 uM, about 1.625 uM, about 1.750 uM, about 1.875 uM, about 2.000 uM, about 2.125 uM,
about 2.250 uM, about 2.375 uM, about 2.500 uM, about 2.625 uM, about 2.750 uM, about 2.875
uM, about 3.000 uM, about 3.125 uM, about 3.250 uM, about 3.375 uM, about 3.500 uM, about
3.625 uM, about 3.750 uM, about 3.875 uM, about 4.000 uM, about 4.125 uM, about 4.250 uM,
about 4.375 uM, about 4.500 uM, about 4.625 uM, about 4.750 uM, about 4.875 uM, or about
5.000 uM of the ssDNA primer complementary to the 3’ end of the second nucleic acid or domain.
[00107] Those skilled in the art will appreciate that various configurations of cell free expression
systems can be useful. For example, in some embodiments, a cell free expression system may
include about 1.25 uM ssDNA primer complementary to a sequence within the non-template
expression cassette or intervening ssSDNA sequences. In some embodiments of any of the aspects,
the cell free expression system comprises about 0.5 nM, about 1 nM, about 5 nM, about 10 nM,
about 20 nM, about 30 nM, about 40 nM, about 50 nM, about 60 nM, about 70 nM, about 80 nM,
about 90 nM, about 100 nM, about 110 nM, about 125 nM, about 250 nM, about 375 nM, about
500 nM, about 625 nM, about 750 nM, about 875 nM, about 1.000 uM, about 1.125 uM, about
1.250 uM, about 1.375 uM, about 1.500 uM, about 1.625 uM, about 1.750 uM, about 1.875 uM,
about 2.000 uM, about 2.125 uM, about 2.250 uM, about 2.375 uM, about 2.500 uM, about 2.625
uM, about 2.750 uM, about 2.875 uM, about 3.000 uM, about 3.125 uM, about 3.250 uM, about
3.375 uM, about 3.500 uM, about 3.625 uM, about 3.750 uM, about 3.875 uM, about 4.000 uM,
about 4.125 uM, about 4.250 uM, about 4.375 uM, about 4.500 uM, about 4.625 uM, about 4.750
uM, about 4.875 uM, or about 5.000 uM of the ssDNA primer complementary to a sequence

within the non-template expression cassette or intervening ssDNA sequences (e.g. Fig. 2B (1)).
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[00108] In some embodiments of any of the aspects, the concentration of dNTPs is at about 200-
500 uM. In some embodiments of any of the aspects, the concentration of dNTPS is at about 230
. In some embodiments of any of the aspects, the concentration of dNTPs is at about 200 uM, at
about 210 uM, at about 220 uM, at about 230 uM, at about 240 uM, at about 250 uM, at about
260 uM, at about 270 uM, at about 280 uM, at about 290 uM, at about 300 uM, at about 310 pM,
at about 320 uM, at about 330 uM, at about 340 uM, at about 350 uM, at about 360 uM, at about
370 uM, at about 380 uM, at about 390 uM, at about 400 uM, at about 410 uM, at about 420 pM,
at about 430 uM, at about 440 uM, at about 450 uM, at about 460 uM, at about 470 uM, at about
480 uM, at about 490 uM, or at about 500 uM.

[00109] In some embodiments of any of the aspects, the concentration of dNTPs is at 200-500 uM.
In some embodiments of any of the aspects, the concentration of dNTPS is at 230 uM . In some
embodiments of any of the aspects, the concentration of dNTPs is at 200 uM, at 210 uM, at 220
uM, at 230 uM, at 240 uM, at 250 uM, at 260 uM, at 270 uM, at 280 uM, at 290 uM, at 300
uM, at 310 uM, at 320 uM, at 330 uM, at 340 uM, at 350 uM, at 360 uM, at 370 uM, at 380
uM, at 390 uM, at 400 uM, at 410 uM, at 420 uM, at 430 uM, at 440 uM, at 450 uM, at 460
uM, at 470 uM, at 480 uM, at 490 uM, or at 500 uM.

[00110] In some embodiments of any of the aspects, the DNA polymerase is selected from the
group consisting of a Klenow fragment with exonuclease portion, a Klenow fragment without the
exonuclease portion, a phi29 polymerase, a modified T7 DNA polymerase, a polymerase from
Psychrobacillus, a polymerase from Psychrobacillus with enhanced strand displacement, and a
polymerase from B. subtilis. In various embodiments, the various aforementioned components are
in a combined mixture suitable for performing the aforementioned method. In some embodiments
of any of the aspects, the reporter protein is luciferase and the reporter protein substrate is a
luciferase substrate and measuring is by detection of luminescence in the cell free expression
system.

[00111]In some embodiments of any of the aspects, the method further includes hybridization of
the ssDNA primer to the RNA transcript, reverse transcription using a reverse transcriptase, and
endolytic cleavage. For example, amplification of the expression cassette formed by target
nucleic-acid mediated ligation and primer extension can further improve detection system

sensitivity. Transcription of the dsDNA product to RNA can be followed by hybridization of the
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DNA primer, for example the same primer that anneals to the 3” end of the expression cassette or
a different DNA primer, to the complementary 3’ end of the RNA transcript. A reverse
transcriptase can extend the DNA primer to create an RNA/DNA hybrid molecule. RNaseH
endonuclease activity can hydrolytically cleave the RNA of the DNA/RNA hybrid to create a
ssDNA molecule complementary to the upstream, or A sensor part or A domain, or another DNA
primer (see e.g., Fig. 2A). As used herein, “A sensor part” is used interchangeably with first sensor
part, first nucleic acid, A domain, first sequence or first domain, and refers to the portion of the
nucleic acid hybridization sequence comprising a 3’ hybridization region. As used herein, “B
sensor part” is used interchangeably with second sensor part, second nucleic acid, B domain, B
sequence or second domain, and refers to the portion of the nucleic acid hybridization sequence
comprising a 5” hybridization region. Hybridization of the A sensor part to the ssDNA molecule
enables extension via the DNA polymerase to create a full expression cassette. Transcription of
the expression cassette to RNA enables subsequent rounds of expression cassette amplification.
In some embodiments of any of the aspects, the systems may include an enzyme containing reverse
transcriptase activity and a non-specific endonuclease that catalyzes the hydrolytic cleavage of
RNA in an RNA/DNA hybrid molecule. In some embodiments of any of the aspects, the reverse
transcriptase may be HIV-1, RTx, Luna® (New England Biolabs), recombinant Moloney Murine
Leukemia Virus Reverse Transcriptases with reduced or fully removed RNAse H activity (RNase
H-). In some embodiments of any of the aspects, the endonuclease may be RNaseH. In some
embodiments of any of the aspects, the activities may be catalyzed by a single enzyme, such as
Avian Myeloblastosis Virus (AMV) Reverse Transcriptase, Moloney Murine Leukemia Virus
Reverse Transcriptase, or variants thereof.

[00112] As used herein, “DNA expression cassette” refers to a single-stranded DNA (ssDNA)
comprising the first and second nucleic acids or A and B domains, which, when ligated together
encodes a polypeptide.

[00113] As used herein, a “target” or “target nucleic acid” or “target sequence” or “target nucleic
acid sequence” refers to an RNA or ssDNA that can hybridize with both the 3” hybridization region
of the first nucleic acid or A domain, and the 5* hybridization region of the second nucleic acid or
B domain.

[00114] Also described herein is a method for detecting a target nucleic acid in a sample, including:

a) providing the aforementioned nucleic acid sensor systems, in which the upstream and
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downstream hybridization regions are complementary to a portion of the target nucleic acid such
that hybridization of the target nucleic acid to the upstream and downstream hybridization regions
creates a junction between the first and second domains sufficient for productive ligation to occur;
b) contacting the nucleic acid sensor system with the sample in the presence of ligase under
conditions appropriate for hybridization of the target nucleic acid with the upstream and
downstream hybridization regions and ligation of the upstream and downstream hybridization
region, to thereby produce an operably-linked ssDNA reaction product; c) contacting the reaction
product produced in step b) to a cell free expression system including a strand-displacing DNA
polymerase, dNTPs and other building block components necessary for protein production, and a
ssDNA primer under conditions appropriate for DNA polymerization, transcription and translation
to thereby produce a reporter protein; d) observing activity of reporter protein product of step c)
to indicate the presence of the target nucleic acid in the sample.

[00115]In some embodiments of any of the aspects, the sensor system described herein, and
methods of using thereof, may be used for the detection of a target nucleic acid which differs from
another nucleic acid in the sample by a single base, enabling discrimination of single nucleotide
polymorphisms (SNPs). In some embodiments of any of the aspects, the location of the SNP within
the hybridization region is positioned at one of the two bases of the linking junction, on either the
upstream or downstream sSDNA domain. In some embodiments of any of the aspects, one or more
mismatched bases may be additionally introduced within the hybridization region. Destabilization
of the hybridization regions due to the presence of the SNP would impede the ability for the ligase
to successfully link the upstream and downstream domains, resulting in a differential signal output.
In various embodiments, the junction is configured to hybridize against a polymorphism of the
target nucleic acid. As an example, four different exemplary variants (polymorphisms) were tested
(see e.g., Example 15).

[00116]In a various embodiments, the sSDNA A domain would include, in the 5’ to 3’ direction,
(1) a promoter, (i1) a ribosome binding site (RBS), (ii1) the start codon of a reporter protein coding
sequence, and (iv) a hybridization region complementary to a region of the target nucleic acid.
The ssDNA B domain would include, in the 5° to 3° direction, (i) a hybridization region
complementary to a region of the target nucleic acid, and (i1) the remaining coding sequence of a
reporter protein. A third nucleic acid component would be a ssDNA ‘primer’ that hybridizes to

the 3’ end of the B domain (see e..g., Fig. 2A). Alternative sensor component schemes include:
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(1) A and B domains, wherein the 5° end of the A domain is linked to the 3” end of the B domain
with intervening ssDNA sequences, (ii) incorporating the ssDNA primer as a terminal hairpin of
B domain, or (iii) including hairpins on both the 5’ end of the A domain and the 3° end of the B
domain (see e.g., Fig. 2B). These alternative schemes may offer advantages by reducing the
number of components and/or reducing the number of exposed ssDNA ends susceptible to DNA
exonucleases.

[00117] The sensor system molecules are incubated with a sample containing a target nucleic acid
and a cell-free expression system containing necessary components and building block materials
for transcription and translation. The claimed sensors can be used for in vitro detection of any
RNA or ssDNA (e.g., ssDNA viruses, or ssDNA generated by denaturation of genomic dsDNA),
single nucleotide variants, or SNPs. This enables detection of a variety of microorganims and
nucleic acids indicative of infection or other factors associated with human health, animal health,
and plant health.

[00118] RNA targets include messenger RNA, microRNA, viral genomic RNA, and ribosomal
RNA. A particularly useful target for bacterial detection is ribosomal RNA (e.g., 16S or 23S
rRNA) as it can be present at many copies per individual bacterial cell and can be used to
distinguish bacterial genus/species. Infectious bacterial target organisms include, but are limited
to species of Strepfococcus, Staphylococcus, Bacillus, Campylobacter, Chlamydia, Clostridium,
Enterococcus, Escherichia, Helicobacter, Listeria, Mycobacterium, Salmonella, Vibrio, Yersinia.
A description of a variety of 16S ribosomal RNA target regions for the diagnosis of pathogenic
bacteria is further described in, e.g., J.Microbiol Methods 2007 May 69(2): 330-339, which is
incorporated herein by reference in its entirety. RNA viruses can be detected, for example, by
designing sensors for regions of viral RNA genomes. Exemplary RNA viruses include but are not
limited to human immunodeficiency virus (HIV), influenza virus, zika virus, ebola virus, rotavirus,
polio virus, dengue virus, yellow fever virus, hepatitis C virus, measles virus, and rabies virus.
[00119] All references cited herein are incorporated by reference in their entirety as though fully
set forth. Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Singleton et al., Dictionary of Microbiology and Molecular Biology 3™ ed., Revised, J.
Wiley & Sons (New York, NY 2006), and Sambrook and Russel, Molecular Cloning: A
Laboratory Manual 4" ed., Cold Spring Harbor Laboratory Press (Cold Spring Harbor, NY 2012),
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provide one skilled in the art with a general guide to many of the terms used in the present
application.

[00120] As used herein, the term “nucleic acid” or “nucleic acid sequence” refers to any molecule,
preferably a polymeric molecule, including units of ribonucleic acid, deoxyribonucleic acid or an
analog thereof. The nucleic acid can be either single-stranded or double-stranded. A single-
stranded nucleic acid can be one strand nucleic acid of a denatured double- stranded DNA.
Alternatively, it can be a single-stranded nucleic acid not derived from any double-stranded DNA.
In one aspect, the target nucleic acid is DNA. In another aspect, the target is RNA. Suitable nucleic
acid molecules are DNA, including genomic DNA or cDNA. Other suitable nucleic acid molecules
are RNA, including mRNA and ribosomal RNA.

[00121] As used herein, the term "DNA" is defined as deoxyribonucleic acid. The term
"polynucleotide" is used herein interchangeably with "nucleic acid" to indicate a polymer of
nucleosides. Typically, a polynucleotide is composed of nucleosides that are naturally found in
DNA or RNA (e.g., adenosine, thymidine, guanosine, cytidine, uridine, deoxyadenosine,
deoxythymidine, deoxyguanosine, and deoxycytidine) joined by phosphodiester bonds. However,
the term encompasses molecules comprising nucleosides or nucleoside analogs containing
chemically or biologically modified bases, modified backbones, etc., whether or not found in
naturally occurring nucleic acids, and such molecules may be preferred for certain applications.
"Polynucleotide sequence" as used herein can refer to the polynucleotide material itself and/or to
the sequence information (i.e. the succession of letters used as abbreviations for bases) that
biochemically characterizes a specific nucleic acid. A polynucleotide sequence presented herein is
presented in a 5' to 3' direction unless otherwise indicated.

[00122] As used herein, the term “single-stranded DNA (ssDNA)” refers to DNA that consists only
of one chain of nucleotides, as opposed to two strands of DNA that form the DNA helix. Where
this application refers to a polynucleotide it is understood that both DNA, RNA, and in each case
both single- and double-stranded forms (and complements of each single-stranded molecule) are
provided.

[00123] As used herein, “promoter” refers to a polynucleotide molecule that in its native state (i.e.,
as is naturally in the genome of an organism) is located upstream of or 5' to a translational start
codon of an open reading frame (or protein-coding region). In some embodiments, the term

“promoter” may be used herein to refer to a modified polynucleotide molecule, specifically
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designed to have desired properties (e.g., improved transcriptional efficiency). A promoter can
comprise sequence both 5” and/or 3’ of the transcription start site. A promoter is involved in the
recognition and binding of RNA polymerase II, or other RNA polymerases such as T7 RNA
polymerase, and other proteins (trans-acting transcription factors) to initiate transcription. A
promoter typically can be from about 20bp to about 1000 bp in length, e.g. about 20 bp in length,
about 30 bp in length, about 40 bp in length, about 50 bp in length, about 60 bp in length, about
70 bp in length, about 80 bp in length, about 90 bp in length, about 100 bp in length, about 150 bp
in length, about 200 bp in length, about 250 bp in length, about 300 bp in length, about 350 bp in
length, about 400 bp in length, about 450 bp in length, about 500 bp in length, about 550 bp in
length, about 600 bp in length, about 650 bp in length, about 700 bp in length, about 750 bp in
length, about 800 bp in length, about 850 bp in length, about 900 bp in length, about 950 bp in
length, or about 1000 bp in length. The sequence and/or location of a given promoter can be
predicted using computer programs known in the art, e.g. ElDorado; Gene2Promoter; GEMS
Launcher; PromoterInspector, Promoter2.0; McPromoter; EP3; ProSOM; and TRED.

[00124] As used herein, the term “complementary” refers to the hierarchy of hydrogen-bonded base
pair formation preferences between the nucleotide bases G, A, T, C and U, such that when two
given polynucleotides or polynucleotide sequences anneal to each other, A pairs with T and G
pairs with C in DNA, and G pairs with C and A pairs with U in RNA.  As used herein,
“substantially complementary” refers to a nucleic acid molecule or portion thereof (e.g. a primer)
having at least 90% complementarity over the entire length of the molecule or portion thereof with
a second nucleotide sequence, e.g. 90% complementary, 95% complementary, 98%
complementary, 99% complementary, or 100% complementary. As used herein, “substantially
identical” refers to a nucleic acid molecule or portion thereof having at least 90% identity over the
entire length of a molecule or portion thereof with a second nucleotide sequence, e.g. 90% identity,
95% identity, 98% identity, 99% identity, or 100% identity.

[00125] As used herein, “hybridize” refers to two nucleic acid strands engaging in physical base
pairing, preferably to the extent that the strands remain base paired to such a degree that a template-
dependent polymerase can conduct polymerization on the duplex. One having ordinary skill in
the art, using the sequence information of the target nucleic acid sequences, can design

hybridization regions or sequences for the sensors described herein which are complementary (e.g.,
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fully complementary) to a single target and not to other nucleic acid sequences that may be present
in the sample. Hybridization conditions can be routinely optimized to minimize background signal.
[00126] As used herein, the term “operably linked” refers to a first polynucleotide molecule, such
as a promoter or start codon, connected with a second transcribable polynucleotide molecule, such
as a gene coding for a reporter protein, where the polynucleotide molecules are so arranged that
the first polynucleotide molecule affects the function of the second polynucleotide molecule. The
two polynucleotide molecules may or may not be part of a single contiguous polynucleotide
molecule and may or may not be adjacent. For example, a promoter is operably linked to a gene
of interest if the promoter regulates or mediates transcription of the gene of interest in a cell.
[00127] As used herein, the term “ribosome binding site (RBS)” refers to a nucleotide sequence
positioned upstream (e.g., towards the 5’ end) of the start codon for mRNA transcript that functions
to recruit ribosome during initiation of protein translation. Ribosome recruitment in eukaryotes is
generally mediated by the 5° cap present on eukaryotic mRNAs.

[00128] As used herein, the term “terminal hairpin loop” refers to a structure that forms when two
regions of the same strand, usually complementary in nucleotide sequence when read in opposite
directions, base-pair to form a double helix that ends in an unpaired loop.

[00129] As used herein, a “portion” of a nucleic acid molecule refers to contiguous set of
nucleotides comprised by that molecule. A portion can comprise all or only a subset of the
nucleotides comprised by the molecule. A portion can be double-stranded or single-stranded.
[00130] As used herein, the term "comprising" or "comprises" is used in reference to compositions,
methods, and respective component(s) thereof, that are essential to the method or composition, yet
open to the inclusion of unspecified elements, whether essential or not.

[00131] The term "consisting of" refers to compositions, methods, and respective components
thereof as described herein, which are exclusive of any element not recited in that description of
the embodiment.

[00132] The singular terms "a," "an," and "the" include plural referents unless context clearly
indicates otherwise. Similarly, the word "or" is intended to include "and" unless the context clearly
indicates otherwise. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of this disclosure, suitable methods and materials are

described below. The abbreviation, "e.g." is derived from the Latin exempli gratia, and is used
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herein to indicate a non-limiting example. Thus, the abbreviation "e.g." is synonymous with the
term "for example."

[00133] Definitions of common terms in cell biology and molecular biology can be found in “The
Merck Manual of Diagnosis and Therapy”, 19th Edition, published by Merck Research
Laboratories, 2006 (ISBN 0-911910-19-0); Robert S. Porter et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9).
Definitions of common terms in molecular biology can also be found in Benjamin Lewin, Genes
X, published by Jones & Bartlett Publishing, 2009 (ISBN-10: 0763766321); Kendrew et al. (eds.),
Molecular Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH
Publishers, Inc., 1995 (ISBN 1-56081-569-8) and Current Protocols in Protein Sciences 2009,
Wiley Intersciences, Coligan ef al., eds.

[00134]In some embodiments of any of the aspects, the methods described herein relate to
measuring, detecting, or determining the level of at least one marker. As used herein, the term
"detecting" or “measuring” refers to observing a signal from, e.g. a probe, label, or target molecule
to indicate the presence of an analyte in a sample. Any method known in the art for detecting a
biomolecule directly, and/or detecting particular label moiety can be used for detection. Exemplary
detection methods include, but are not limited to, spectroscopic, fluorescent, photochemical,
biochemical, immunochemical, electrical, optical or chemical methods. In some embodiments of
any of the aspects, measuring can be a quantitative observation.

[00135] In some embodiments of any of the aspects, a polypeptide, nucleic acid, or cell as described
herein can be engineered. As used herein, “engineered" refers to the aspect of having been
manipulated by the hand of man. For example, a polypeptide is considered to be “engineered"
when at least one aspect of the polypeptide, e.g., its sequence, has been manipulated by the hand
of man to differ from the aspect as it exists in nature. Asis common practice and is understood by
those in the art, progeny of an engineered cell are typically still referred to as “engineered" even
though the actual manipulation was performed on a prior entity.

[00136] In some embodiments of any of the aspects, the components of the nucleic acid sensor
system described herein are exogenous. In some embodiments of any of the aspects, the
components of the nucleic acid sensor system described herein are ectopic. In some embodiments
of any of the aspects, the components of the nucleic acid sensor system described herein are not

endogenous.
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[00137] The term "exogenous" refers to a substance present in a cell other than its native source.
The term "exogenous" when used herein can refer to a nucleic acid (e.g. a nucleic acid encoding a
polypeptide) or a polypeptide that has been introduced by a process involving the hand of man into
a biological system such as a cell, a cell-free system, or organism in which it is not normally found
and one wishes to introduce the nucleic acid or polypeptide into such a cell or organism.
Alternatively, “exogenous” can refer to a nucleic acid or a polypeptide that has been introduced
by a process involving the hand of man into a biological system such as a cell, a cell-free system,
or organism in which it is found in relatively low amounts and one wishes to increase the amount
of the nucleic acid or polypeptide in the cell, a cell-free system, or organism, e.g., to create ectopic
expression or levels. In contrast, the term "endogenous" refers to a substance that is native to the
biological system, a cell-free system, or cell. As used herein, “ectopic” refers to a substance that
is found in an unusual location and/or amount. An ectopic substance can be one that is normally
found in a given cell or cell-free system, but at a much lower amount and/or at a different time.
Ectopic also includes substance, such as a polypeptide or nucleic acid that is not naturally found
or expressed in a given cell in its natural environment.

[00138] In some embodiments of any of the aspects, a nucleic acid encoding a polypeptide as
described herein (e.g. a polypeptide) is comprised by a vector. In some of the aspects described
herein, a nucleic acid sequence encoding a given polypeptide as described herein, or any module
thereof, is operably linked to a vector. The term "vector", as used herein, refers to a nucleic acid
construct designed for delivery to a host cell or for transfer between different host cells. As used
herein, a vector can be viral or non-viral. The term “vector” encompasses any genetic element that
is capable of replication when associated with the proper control elements and that can transfer
gene sequences to cells. A vector can include, but is not limited to, a cloning vector, an expression
vector, a plasmid, phage, transposon, cosmid, chromosome, virus, virion, etc.

[00139] In some embodiments of any of the aspects, the vector is recombinant, e.g., it comprises
sequences originating from at least two different sources. In some embodiments of any of the
aspects, the vector comprises sequences originating from at least two different species. In some
embodiments of any of the aspects, the vector comprises sequences originating from at least two
different genes, e.g., it comprises a fusion protein or a nucleic acid encoding an expression product
which is operably linked to at least one non-native (e.g., heterologous) genetic control element

(e.g., a promoter, suppressor, activator, enhancer, response element, or the like).
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[00140] In some embodiments of any of the aspects, the vector or nucleic acid described herein is
codon-optimized, e.g., the native or wild-type sequence of the nucleic acid sequence has been
altered or engineered to include alternative codons such that altered or engineered nucleic acid
encodes the same polypeptide expression product as the native/wild-type sequence, but will be
transcribed and/or translated at an improved efficiency in a desired expression system. In some
embodiments of any of the aspects, the expression system is an organism other than the source of
the native/wild-type sequence (or a cell obtained from such organism). In some embodiments of
any of the aspects, the vector and/or nucleic acid sequence described herein is codon-optimized
for expression in a mammal or mammalian cell, e.g., a mouse, a murine cell, or a human cell. In
some embodiments of any of the aspects, the vector and/or nucleic acid sequence described herein
is codon-optimized for expression in a human cell. In some embodiments of any of the aspects,
the vector and/or nucleic acid sequence described herein is codon-optimized for expression in a
yeast or yeast cell. In some embodiments of any of the aspects, the vector and/or nucleic acid
sequence described herein is codon-optimized for expression in a bacterial cell. In some
embodiments of any of the aspects, the vector and/or nucleic acid sequence described herein is
codon-optimized for expression in an E. coli cell.

[00141] As used herein, the term "expression vector" refers to a vector that directs expression of an
RNA or polypeptide from sequences linked to transcriptional regulatory sequences on the vector.
The sequences expressed will often, but not necessarily, be heterologous to the cell. An expression
vector may comprise additional elements, for example, the expression vector may have two
replication systems, thus allowing it to be maintained in two organisms, for example in human
cells for expression and in a prokaryotic host for cloning and amplification.

[00142] As used herein, the term “viral vector" refers to a nucleic acid vector construct that includes
at least one element of viral origin and has the capacity to be packaged into a viral vector particle.
The viral vector can contain the nucleic acid encoding a polypeptide as described herein in place
of non-essential viral genes. The vector and/or particle may be utilized for the purpose of
transferring any nucleic acids into cells either in vitro or in vivo. Numerous forms of viral vectors
are known in the art.

[00143] It should be understood that the vectors described herein can, in some embodiments of any
of the aspects, be combined with other suitable compositions and therapies. In some embodiments

of any of the aspects, the vector is episomal. The use of a suitable episomal vector provides a
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means of maintaining the nucleotide of interest in the subject in high copy number extra
chromosomal DNA thereby eliminating potential effects of chromosomal integration.

[00144] As used herein, “contacting" refers to any suitable means for delivering, or exposing, an
agent to another agent, a reagent, a sequence, a cell, or a cell-free expression system. Exemplary
delivery methods include, but are not limited to, direct delivery to cell culture medium, perfusion,
injection, or other delivery method well known to one skilled in the art. In some embodiments of
any of the aspects, contacting comprises physical human activity, e.g., an injection; an act of
dispensing, mixing, and/or decanting; and/or manipulation of a delivery device or machine.
[00145] The term “statistically significant" or “significantly" refers to statistical significance and
generally means a two standard deviation (2SD) or greater difference.

[00146] Other than in the operating examples, or where otherwise indicated, all numbers expressing
quantities of ingredients or reaction conditions used herein should be understood as modified in
all instances by the term “about.” The term “about” when used in connection with percentages can
mean +1%.

[00147] As used herein, the term “corresponding to” refers to an amino acid or nucleotide at the
enumerated position in a first polypeptide or nucleic acid, or an amino acid or nucleotide that is
equivalent to an enumerated amino acid or nucleotide in a second polypeptide or nucleic acid.
Equivalent enumerated amino acids or nucleotides can be determined by alignment of candidate
sequences using degree of homology programs known in the art, e.g., BLAST.

[00148] As used herein, the term “specific binding” refers to a chemical interaction between two
molecules, compounds, cells and/or particles wherein the first entity binds to the second, target
entity with greater specificity and affinity than it binds to a third entity which is a non-target. In
some embodiments of any of the aspects, specific binding can refer to an affinity of the first entity
for the second target entity which is at least 10 times, at least 50 times, at least 100 times, at least
500 times, at least 1000 times or greater than the affinity for the third nontarget entity. A reagent
specific for a given target is one that exhibits specific binding for that target under the conditions

of the assay being utilized.

[00149] Groupings of alternative elements or embodiments of the invention disclosed herein are
not to be construed as limitations. Each group member can be referred to and claimed individually

or in any combination with other members of the group or other elements found herein. One or
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more members of a group can be included in, or deleted from, a group for reasons of convenience
and/or patentability. When any such inclusion or deletion occurs, the specification is herein
deemed to contain the group as modified thus fulfilling the written description of all Markush
groups used in the appended claims.

[00150] Unless otherwise defined herein, scientific and technical terms used in connection with the
present application shall have the meanings that are commonly understood by those of ordinary
skill in the art to which this disclosure belongs. It should be understood that this invention is not
limited to the particular methodology, protocols, and reagents, etc., described herein and as such
can vary. The terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to limit the scope of the present invention, which is defined solely by the
claims. Definitions of common terms in immunology and molecular biology can be found in The
Merck Manual of Diagnosis and Therapy, 20th Edition, published by Merck Sharp & Dohme
Corp., 2018 (ISBN 0911910190, 978-0911910421); Robert S. Porter et al. (eds.), The
Encyclopedia of Molecular Cell Biology and Molecular Medicine, published by Blackwell Science
Ltd., 1999-2012 (ISBN 9783527600908), and Robert A. Meyers (ed.), Molecular Biology and
Biotechnology: a Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 1-56081-569-8); Immunology by Werner Luttmann, published by Elsevier, 2006;
Janeway's Immunobiology, Kenneth Murphy, Allan Mowat, Casey Weaver (eds.), W. W. Norton
& Company, 2016 (ISBN 0815345054, 978-0815345053); Lewin's Genes XI, published by Jones
& Bartlett Publishers, 2014 (ISBN-1449659055); Michael Richard Green and Joseph Sambrook,
Molecular Cloning: A Laboratory Manual, 4th ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y ., USA (2012) (ISBN 1936113414); Davis et al., Basic Methods in Molecular
Biology, Elsevier Science Publishing, Inc., New York, USA (2012) (ISBN 044460149X);,
Laboratory Methods in Enzymology: DNA, Jon Lorsch (ed.) Elsevier, 2013 (ISBN 0124199542),
Current Protocols in Molecular Biology (CPMB), Frederick M. Ausubel (ed.), John Wiley and
Sons, 2014 (ISBN 047150338X, 9780471503385), Current Protocols in Protein Science (CPPS),
John E. Coligan (ed.), John Wiley and Sons, Inc., 2005; and Current Protocols in Immunology
(CPI) (John E. Coligan, ADA M Kruisbeek, David H Margulies, Ethan M Shevach, Warren Strobe,
(eds.) John Wiley and Sons, Inc., 2003 (ISBN 0471142735, 9780471142737), the contents of

which are all incorporated by reference herein in their entireties.
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[00151] Unless otherwise stated, the present invention was performed using standard procedures,
as described, for example in Sambrook and Russel, Molecular Cloning: A Laboratory Manual 4th
ed., Cold Spring Harbor Laboratory Press (Cold Spring Harbor, NY 2012) and Davis ef al., Basic
Methods in Molecular Biology, Elsevier Science Publishing, Inc., New York, USA (1995) which
are all incorporated by reference herein in their entireties.

[00152] Other terms are defined herein within the description of the various aspects of the
invention.

[00153] One skilled in the art will recognize many methods and materials similar or equivalent to
those described herein, which could be used in the practice of the present invention. Indeed, the
present invention is in no way limited to the methods and materials described.

[00154] All patents and other publications; including literature references, issued patents, published
patent applications, and co-pending patent applications; cited throughout this application are
expressly incorporated herein by reference for the purpose of describing and disclosing, for
example, the methodologies described in such publications that might be used in connection with
the technology described herein. These publications are provided solely for their disclosure prior
to the filing date of the present application. Nothing in this regard should be construed as an
admission that the inventors are not entitled to antedate such disclosure by virtue of prior invention
or for any other reason. All statements as to the date or representation as to the contents of these
documents is based on the information available to the applicants and does not constitute any
admission as to the correctness of the dates or contents of these documents.

[00155] The description of embodiments of the disclosure is not intended to be exhaustive or to
limit the disclosure to the precise form disclosed. While specific embodiments of, and examples
for, the disclosure are described herein for illustrative purposes, various equivalent modifications
are possible within the scope of the disclosure, as those skilled in the relevant art will recognize.
For example, while method steps or functions are presented in a given order, alternative
embodiments may perform functions in a different order, or functions may be performed
substantially concurrently. The teachings of the disclosure provided herein can be applied to other
procedures or methods as appropriate. The various embodiments described herein can be
combined to provide further embodiments. Aspects of the disclosure can be modified, if necessary,
to employ the compositions, functions and concepts of the above references and application to

provide yet further embodiments of the disclosure. Moreover, due to biological functional
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equivalency considerations, some changes can be made in protein structure without affecting the
biological or chemical action in kind or amount. These and other changes can be made to the
disclosure in light of the detailed description. All such modifications are intended to be included
within the scope of the appended claims.

[00156] Specific elements of any of the foregoing embodiments can be combined or substituted for
elements in other embodiments.  Furthermore, while advantages associated with certain
embodiments of the disclosure have been described in the context of these embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily exhibit
such advantages to fall within the scope of the disclosure.

[00157] The various methods and techniques described herein provide a number of ways to carry
out the invention. Of course, it is to be understood that not necessarily all objectives or advantages
described may be achieved in accordance with any particular embodiment described herein. Thus,
for example, those skilled in the art will recognize that the methods can be performed in a manner
that achieves or optimizes one advantage or group of advantages as taught herein without
necessarily achieving other objectives or advantages as may be taught or suggested herein. A
variety of advantageous and disadvantageous alternatives are mentioned herein. It is to be
understood that some preferred embodiments specifically include one, another, or several
advantageous features, while others specifically exclude one, another, or several disadvantageous
features, while still others specifically mitigate a present disadvantageous feature by inclusion of
one, another, or several advantageous features.

[00158] Furthermore, the skilled artisan will recognize the applicability of various features from
different embodiments. Similarly, the various elements, features and steps discussed herein, as
well as other known equivalents for each such element, feature or step, can be mixed and matched
by one of ordinary skill in this art to perform methods in accordance with principles described
herein. Among the various elements, features, and steps some will be specifically included and
others specifically excluded in diverse embodiments.

[00159] Although the invention has been disclosed in the context of certain embodiments and
examples, it will be understood by those skilled in the art that the embodiments of the invention
extend beyond the specifically disclosed embodiments to other alternative embodiments and/or

uses and modifications and equivalents thereof.
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[00160] Many variations and alternative elements have been disclosed in embodiments of the
present invention. Still further variations and alternate elements will be apparent to one of skill in
the art. Among these variations, without limitation, are nucleic acid sensor system components,
including single stranded nucleic acid domains, ribosome binding sites, codons, operatively linked
and/or functionally organized, further including techniques and composition and use of solutions
used therein, and the particular use of the products created through the teachings of the invention.
Various embodiments of the invention can specifically include or exclude any of these variations
or elements.

[00161]In some embodiments of any of the aspects, the numbers expressing quantities of
ingredients, properties such as concentration, reaction conditions, and so forth, used to describe
and claim certain embodiments of the invention are to be understood as being modified in some
instances by the term “about.”” Accordingly, in some embodiments of any of the aspects, the
numerical parameters set forth in the written description and attached claims are approximations
that can vary depending upon the desired properties sought to be obtained by a particular
embodiment. In some embodiments of any of the aspects, the numerical parameters should be
construed in light of the number of reported significant digits and by applying ordinary rounding
techniques. Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of some embodiments of the invention are approximations, the numerical values set forth in
the specific examples are reported as precisely as practicable. The numerical values presented in
some embodiments of the invention may contain certain errors necessarily resulting from the
standard deviation found in their respective testing measurements.

[00162] In some embodiments of any of the aspects, the terms “a” and “an” and “the” and similar
references used in the context of describing a particular embodiment of the invention (especially
in the context of certain of the following claims) can be construed to cover both the singular and
the plural. The recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless otherwise
indicated herein, each individual value is incorporated into the specification as if it were
individually recited herein. All methods described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any and
all examples, or exemplary language (e.g. “such as”) provided with respect to certain embodiments

herein is intended merely to better illuminate the invention and does not pose a limitation on the
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scope of the invention otherwise claimed. No language in the specification should be construed
as indicating any non-claimed element essential to the practice of the invention.

[00163] Groupings of alternative elements or embodiments of the invention disclosed herein are
not to be construed as limitations. Each group member can be referred to and claimed individually
or in any combination with other members of the group or other elements found herein. One or
more members of a group can be included in, or deleted from, a group for reasons of convenience
and/or patentability. When any such inclusion or deletion occurs, the specification is herein
deemed to contain the group as modified thus fulfilling the written description of all Markush
groups used in the appended claims.

[00164] Preferred embodiments of this invention are described herein, including the best mode
known to the inventor for carrying out the invention. Variations on those preferred embodiments
will become apparent to those of ordinary skill in the art upon reading the foregoing description.
It is contemplated that skilled artisans can employ such variations as appropriate, and the invention
can be practiced otherwise than specifically described herein. Accordingly, many embodiments
of this invention include all modifications and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law. Moreover, any combination of the herein-
described elements in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context.

[00165] Furthermore, numerous references have been made to patents and printed publications
throughout this specification. Each of the cited references and printed publications are herein
individually incorporated by reference in their entirety.

[00166] It is to be understood that the embodiments of the invention disclosed herein are illustrative
of the principles of the present invention. Other modifications that can be employed can be within
the scope of the invention. Thus, by way of example, but not of limitation, alternative
configurations of the present invention can be utilized in accordance with the teachings herein.
Accordingly, embodiments of the present invention are not limited to that precisely as shown and
described.

[00167] The technology described herein is further illustrated by the following examples which in
no way should be construed as being further limiting.

[00168] Some embodiments of the technology described herein can be defined according to any of

the following numbered paragraphs:
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1. A nucleic acid sensor system, comprising:
a) a first nucleic acid comprising a 3” hybridization region and a second nucleic acid
comprising 5” hybridization region,
b) wherein the first nucleic acid and the second nucleic acid, when bridged by a target
nucleic acid that hybridizes to the 3° hybridization region and the 5° hybridization
region, are configured to encode a non-template cassette comprising a promoter, a
ribosome binding site, and a coding sequence for a reporter protein.
2. The nucleic acid sensor system of paragraph 1, wherein the system comprises a primer
complementary to a 3’ region of the second nucleic acid.
3. The nucleic acid sensor system of paragraph 1, wherein the first nucleic acid and the second
nucleic acid are DNA.
4. The nucleic acid sensor system of paragraph 1, wherein at least a portion of the 3’
hybridization region is in the promoter, the ribosome binding site, or the coding sequence.
5. The nucleic acid sensor system of paragraph 1, wherein at least a portion of the 5’
hybridization region is in the promoter, the ribosome binding site, or the coding sequence.
6. The nucleic acid system of any one of paragraphs 1-5 comprising a cell free expression
system.
7. The nucleic acid system of any one of paragraphs 1-6, comprising a ligase
8. The nucleic acid system of any one of paragraphs 1-7, comprising a reverse transcriptase.
9. The nucleic acid system of any one of paragraphs 1-8, comprising a ribonuclease that
hydrolyzes RNA which is hybridized to DNA.
10. The nucleic acid system of any one of paragraphs 9, wherein the ribonuclease is RNAse H.
11. A nucleic acid sensor system, comprising:
a) anon-functional, single-stranded, non-template form of a DNA expression cassette
comprising:
1) a promoter;
ii) a RBS;
ii1) a coding sequence for a reporter protein;
wherein a target nucleic acid hybridization sequence is inserted within the cassette,
and the cassette is separated into two molecules wherein the separation occurs within the

hybridization region;
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b) a single-stranded DNA primer complementary to a 3’ region of the expression
cassette;
¢) a ligase; and
d) a cell-free expression system.
12. A nucleic acid sensor system, comprising:
a) a first single stranded DNA (ssDNA) domain comprising from 5’ to 3°, a non-
template strand of:
1) a promoter;
i1) a ribosome binding site (RBS);
ii1) a start codon; and
iv) an upstream portion of a hybridization region in the form of a reading frame
in-frame with the start codon;
b) a second ssSDNA domain comprising from 5’ to 3°, a non-template strand of:
1) a downstream portion of the hybridization region in the form of a reading frame
in frame with the start codon; and
i1) a coding sequence for a reporter protein linked downstream of and in-frame
with the downstream portion of the hybridization region; and
¢) a ssDNA primer complementary to a 3’ region of the second domain.
13. A nucleic acid sensor system, comprising:
a) a first single stranded DNA (ssDNA) domain comprising from 5’ to 3’, a non-template
strand of:
1) a promoter; and
i1) an upstream portion of a hybridization region;
b) a second ssSDNA domain comprising from 5’ to 3°, a non-template strand of:
1) a downstream portion of the hybridization region;
i1) a ribosome binding site (RBS); and
ii1) a start codon linked in-frame with a coding sequence for a reporter protein;
and
c¢) a ssDNA primer complementary to a 3’ region of the second domain.

14. A nucleic acid sensor system, comprising:

53



WO 2020/037038 PCT/US2019/046497

a) a first single stranded DNA (ssDNA) domain comprising from 5’ to 3’, a non-template
strand of:
1) a promoter;
i1) a ribosome binding site (RBS);
ii1) a start codon linked in-frame with an upstream portion of a coding sequence for a
reporter protein; and
iv) an upstream portion of a hybridization region in the form of a reading frame
linked downstream of and in-frame with the upstream portion of a coding sequence
for a reporter protein;
b) a second ssSDNA domain comprising from 5’ to 3°, a non-template strand of:
1) a downstream portion of the hybridization region in the form of a reading frame in
frame with the start codon; and
i1) the remaining portion of a coding sequence for the reporter protein linked
downstream of and in-frame with the downstream portion of the hybridization region,;
and
c¢) a ssDNA primer complementary to the second domain at its 3” end.
15. The nucleic acid sensor system of any of paragraphs 11-14, wherein the first and second
ssDNA domains are separate DNA fragments and the second ssDNA domain comprises a 5’
phosphate.
16. The nucleic acid sensor system of paragraph 15, wherein the second ssDNA domain further
comprises a nucleotide sequence at its 3’ end comprising the ssDNA primer in a terminal hairpin
loop.
17. The nucleic acid sensor system of paragraph 16, wherein the 5’ end of the first domain
further comprises a sequence that forms a terminal hairpin loop.
18. The nucleic acid sensor system of any of paragraphs 12-15, wherein the 5° end of the first
domain is linked to the 3° end of the second domain through intervening ssDNA sequences so
that the first and second domains are present on a single ssSDNA sequence.
19. The nucleic acid sensor system of any of paragraphs 1-18, wherein the hybridization region
is at least 12 nucleotides.
20. The nucleic acid sensor system of paragraph 19, wherein the upstream and downstream

portion of the hybridization region are each at least 6 nucleotides.
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21. The nucleic acid sensor system of any of paragraphs 11-20, wherein the reporter protein is
selected from the group consisting of luciferase, beta-lactamase, beta-galactosidase, horseradish
peroxidase, alkaline phosphatase, catalase, carbonic anhydrase, green fluorescent protein, red
fluorescent protein, cyan fluorescent protein, yellow fluorescent protein, trypsin, a protease, a
peptide that complements and activates a truncated reporter protein.
22. The nucleic acid sensor system of any of paragraphs 12-21, further comprising one or more
of ligase, a strand-displacing DNA polymerase, dNTPs, RNAse inhibitor, and a cell free
expression system.
23. The nucleic acid sensor system of paragraph 22, wherein the cell free expression system is
whole cell extract.
24. The nucleic acid sensor system of paragraph 22 or 23, wherein the strand displacing DNA
polymerase is selected from the group consisting of Klenow fragment with exonuclease portion,
Klenow fragment without the exonuclease portion, phi29 polymerase, and a modified T7 DNA
polymerase.
25. A kit, comprising:
a nucleic acid sensor system of any of paragraphs 1-24; and
a positive control.
26. A method for detecting a target nucleic acid in a sample, comprising:
a) providing a nucleic acid sensor system of any of paragraphs 1-24, in which the
upstream and downstream hybridization regions are complementary to a portion of the
target nucleic acid such that hybridization of the target nucleic acid to the upstream and
downstream hybridization regions creates a junction between the first and second
domains;
b) contacting the nucleic acid sensor system with the sample in the presence of ligase
under conditions appropriate for hybridization of the target nucleic acid with the
upstream and downstream hybridization regions and ligation of the upstream and
downstream hybridization region, to thereby produce an operably-linked ssDNA reaction
product;
¢) contacting the reaction product produced in step b) to a cell free expression system
comprising a strand displacing DNA polymerase, dNTPs and other building block

components necessary for protein production, and a sSDNA primer under conditions
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appropriate for DNA polymerization, transcription and translation to thereby produce a
reporter protein;
d) measuring reporter protein present to indicates the presence of the target nucleic acid
in the sample.
27. The method of paragraph 26, wherein components of the nucleic acid sensor system are each
present at about 16 nM.
28. The method of paragraph 26, wherein ligase is present at about 100 nM.
29. The method of paragraph 26, wherein step b) is incubated for a period of from 5 minutes to
15 minutes at ambient temperature (24-26C) and/or step ¢) is incubated for a period of time from
60 minutes to 3 hours, at ambient temperature.
30. The method of paragraph 26, wherein the cell free expression system further comprises
RNAse inhibitor.
31. The method of paragraph 26, wherein the cell free expression system further comprises 12.5
uM ssDNA primer complementary to the 3’ end of the second domain.
32. The method of paragraph 26, wherein the concentration of dNTPs is about 230 uM.
33. The method of paragraph 26, wherein the DNA polymerase is selected from the group
consisting of Klenow fragment with exonuclease portion, Klenow fragment without the
exonuclease portion, phi29 polymerase, and a modified T7 DNA polymerase.
34. The method of paragraph 26, wherein the reporter protein is luciferase and measuring is by
detection of luminescence in the cell free expression system.
35. The method of paragraph 26, wherein transcription further comprises hybridization of the
ssDNA primer is hybridized to the RNA transcript, reverse transcription using a reverse
transcriptase, and endolytic cleavage.
36. The method of paragraph 26, wherein the junction is configured to hybridize against a

polymorphism of the target nucleic acid.

[00169] Some embodiments of the technology described herein can be defined according to any of
the following numbered paragraphs:
1. A nucleic acid sensor system, comprising:

a) a first nucleic acid comprising a 3° hybridization region; and

b) a second nucleic acid comprising a 5’ hybridization region;
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wherein the first nucleic acid and the second nucleic acid, when bridged by a target
nucleic acid that hybridizes to the 3° hybridization region and the 5’ hybridization region,
are configured to encode a non-template cassette comprising a promoter, a ribosome
binding site, and a coding sequence for a reporter protein.
2. A nucleic acid sensor system, comprising:
a) a first nucleic acid comprising a 3° hybridization region; and
b) a second nucleic acid comprising a 5’ hybridization region;
wherein the first nucleic acid and the second nucleic acid, when ligated together, are
configured to encode a non-template cassette comprising a promoter, a ribosome binding
site, and a coding sequence for a reporter protein.
3. A nucleic acid sensor system, comprising:
a) a first nucleic acid comprising a 3° hybridization region; and
b) a second nucleic acid comprising a 5’ hybridization region;
wherein the first nucleic acid and the second nucleic acid, when ligated together and
hybridized to a target nucleic acid that hybridizes to the 3’ hybridization region and the 5’
hybridization region, are configured to encode a non-template cassette comprising a
promoter, a ribosome binding site, and a coding sequence for a reporter protein.
4. A nucleic acid sensor system comprising a non-functional, single-stranded, non-template form
of a DNA expression cassette comprising:
1) a promoter;
i1) a ribosome binding site (RBS); and
ii1) a coding sequence for a reporter protein;
wherein a target nucleic acid hybridization sequence is located within the cassette, and
the cassette is separated into a first nucleic acid and second nucleic acid wherein the
separation occurs within the hybridization region.
5. The nucleic acid sensor system of any of paragraphs 1-4, wherein either the first or second
nucleic acid comprise the coding sequence for a reporter protein and the remaining nucleic acid
comprises the promoter.
6. The nucleic acid sensor system of any of paragraphs 1-5, wherein either the first or second
nucleic acid comprise the coding sequence for a reporter protein and the remaining nucleic acid

comprises the promoter and ribosome binding site.
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7. The nucleic acid sensor system of any of paragraphs 1-6, wherein either the first or second
nucleic acid comprises the promoter, the ribosome binding site, and a start codon of the coding
sequence for the reporter protein and the remaining nucleic acid comprises the remaining coding
sequence for the reporter protein.
8. The nucleic acid sensor system of paragraph 7, wherein the first nucleic acid comprises, from
5 to3’:
1) the promoter;
i1) the ribosome binding site (RBS);,
ii1) the start codon for the coding sequence for the reporter protein; and
iv) the 3’ hybridization region in the form of a reading frame in-frame with the start
codon,;
and the second nucleic acid comprises from 5’ to 3”:
1) the 5° hybridization region in the form of a reading frame in frame with the
remaining coding sequence for the reporter protein; and
i1) a remaining coding sequence for the reporter protein linked downstream of
and in-frame with the 5° hybridization region.
9. The nucleic acid sensor system of any of paragraphs 1-8, wherein either the first or second
nucleic acid comprises the promoter and the remaining nucleic acid comprises the ribosome
binding site and coding sequence for the reporter protein.
10. The nucleic acid sensor system of paragraph 9, wherein the first nucleic acid comprises, from
5 to3’:
1) the promoter; and
i1) the 3 hybridization region;
and the second nucleic acid comprises from 5’ to 3”:
1) the 5” hybridization region;
i1) the ribosome binding sequence; and
ii1)  the coding sequence for the reporting protein.
11. The nucleic acid sensor system of any of paragraphs 1-10, wherein either the first or second
nucleic acid comprises the promoter, the ribosome binding site, and a 5° portion of the coding
sequence for the reporter protein and the remaining nucleic acid comprises the remaining coding

sequence for the reporter protein.

58



WO 2020/037038 PCT/US2019/046497

12. The nucleic acid sensor system of paragraph 11, wherein the first nucleic acid comprises,
from 5” to 3’:
1) the promoter;
ii) the RBS;
ii1) a first portion of the coding sequence for the reporter protein, comprising a start
codon and at least one additional codon; and
iv) the 3’ hybridization region in the form of a reading frame in-frame with the start
codon;
and the second nucleic acid comprises from 5’ to 3”:
1)the 5° hybridization region in the form of a reading frame in-frame with the first portion
of the coding sequence for the reporter protein and in-frame with the second portion of
the coding sequence for the reporter protein; and
i1) a second portion of the coding sequence for the reporter protein linked downstream of
and in-frame with the 5° hybridization region.
13. The nucleic acid sensor system of any of paragraphs 11-12, wherein the 3’ hybridization
region and 5’ hybridization region are located in the coding sequence of the reporter protein.
14. The nucleic acid sensor system of any of paragraphs 11-13, wherein the 3’ hybridization
region and 5’ hybridization region are located within a region encoding for a solvent exposed
loop of the reporter protein.
15. The nucleic acid sensor system of any of paragraphs 11-14, wherein the 3’ hybridization
region and 5’ hybridization region are located in the coding sequence of the reporter protein and
do not substantially impact reporter gene function.
16. The nucleic acid sensor system of any of paragraphs 1-15, wherein the first nucleic acid and
the second nucleic acid are DNA.
17. The nucleic acid sensor system of any of paragraphs 1-16, wherein the second nucleic acid
comprises a 5’ phosphate.
18. The nucleic acid sensor system of any of paragraphs 1-17, wherein at least a portion of the 3’
hybridization region is in the promoter, the ribosome binding site, or the coding sequence.
19. The nucleic acid sensor system of any of paragraphs 1-18, wherein at least a portion of the 5’

hybridization region is in the promoter, the ribosome binding site, or the coding sequence.
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20. The nucleic acid sensor system of any of paragraphs 1-19, wherein the 3’ hybridization
region is not within or co-extensive with the promoter, the ribosome binding site, or the coding
sequence.

21. The nucleic acid sensor system of any of paragraphs 1-20, wherein the 3’ hybridization
region is 3° of any promoter, ribosome binding site, or coding sequence in the first nucleic acid.
22. The nucleic acid sensor system of any of paragraphs 1-21, wherein the 5° hybridization
region is not within or co-extensive with the promoter, the ribosome binding site, or the coding
sequence.

23. The nucleic acid sensor system of any of paragraphs 1-22, wherein the 5* hybridization
region is 5° of any promoter, ribosome binding site, or coding sequence in the second nucleic
acid.

24. The nucleic acid sensor system of any of paragraphs 1-23, wherein the two hybridization
regions are collectively at least 12 nucleotides in length.

25. The nucleic acid sensor system of any of paragraphs 1-24, wherein the 5 and 3’
hybridization regions are each at least 6 nucleotides in length.

26. The nucleic acid sensor system of any of paragraphs 1-25, wherein the first and second
nucleic acids are separate molecules.

27. The nucleic acid sensor system of any of paragraphs 1-26, wherein the 5° end of the first
nucleic acid is linked to the 3’ end of the second nucleic acid through intervening ssDNA
sequences so that the first and second nucleic acids are present on a single DNA sequence or
strand.

28. The nucleic acid sensor system of any of paragraphs 1-27, wherein the 5° end of the first
nucleic acid further comprises a sequence that forms a terminal hairpin loop.

29. The nucleic acid sensor system of any of paragraphs 1-28, wherein the system further
comprises a primer complementary to a 3’ region of the second nucleic acid.

30. The nucleic acid sensor system of any of paragraphs 1-29, wherein the system further
comprises a primer complementary to a sequence which is 3° of any promoter, ribosome binding
site, or coding sequence in the second nucleic acid.

31. The nucleic acid sensor system of any of paragraphs 1-30, wherein the second nucleic acid
further comprises a nucleotide sequence at its 3’ end comprising the primer in a terminal hairpin

loop.
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32. The nucleic acid sensor system of any of paragraphs 1-31, wherein the reporter protein is
selected from the group consisting of luciferase, nanoluciferase, beta-lactamase, beta-
galactosidase, horseradish peroxidase, alkaline phosphatase, catalase, carbonic anhydrase, green
fluorescent protein, red fluorescent protein, cyan fluorescent protein, yellow fluorescent protein,
trypsin, a protease, and a peptide that complements and activates a truncated reporter protein.
33. The nucleic acid system of any of paragraphs 1-32, further comprising a cell free expression
system.
34. The nucleic acid system of any of paragraphs 1-33, further comprising a ligase.
35. The nucleic acid system of any of paragraphs 1-34, further comprising a reverse
transcriptase.
36. The nucleic acid system of any of paragraphs 1-35, further comprising a ribonuclease that
hydrolyzes RNA which is hybridized to DNA.
37. The nucleic acid system of any of paragraphs 1-36, wherein the ribonuclease is RNAse H.
38. The nucleic acid system of any of paragraphs 1-37, further comprising:
a) a single-stranded DNA (ssDNA) primer complementary to i) a 3’ region of the
expression cassette, i1) a 3’ region of the second nucleic acid, iii) a sequence which is 3’
of any promoter, ribosome binding site, or coding sequence in the second nucleic acid, or
iv) a sequence which is 3° of any promoter, ribosome binding site, or coding sequence in
the expression cassette;
b) a ligase; and
c) a cell-free expression system.
39. The nucleic acid sensor system of any of paragraphs 1-38, further comprising one or more of
ligase, a strand-displacing DNA polymerase, dNTPs, RNAse inhibitor, and a cell free expression
system.
40. The nucleic acid sensor system of any of paragraphs 33-39, wherein the cell free expression
system is whole cell extract.
41. The nucleic acid sensor system of any of paragraphs 1-40, wherein the DNA polymerase is
selected from the group consisting of a Klenow fragment with exonuclease portion, a Klenow
fragment without the exonuclease portion, a phi29 polymerase, a modified T7 DNA polymerase,
a polymerase from Psychrobacillus, a polymerase from Psychrobacillus with enhanced strand

displacement, and a polymerase from B. subfilis.
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42. The nucleic acid sensor system of any of paragraphs 1-41, wherein the junction is configured
to hybridize against a polymorphism of the target nucleic acid.
43. The nucleic acid sensor system of any of paragraphs 1-42, wherein the 3’ or 5* hybridization
region is configured to hybridize to a polymorphism of the target nucleic acid.
44. The nucleic acid sensor system of any of paragraphs 1-43, wherein the free end of the 3’ or
5’ hybridization region is configured to hybridize to a polymorphism of the target nucleic acid.
45. The nucleic acid sensor system of any of paragraphs 1-44, wherein the polymorphism is
located at one or both of the two bases at the junction of the hybridization region, on either or
both the upstream or downstream ssDNA sensor domain.
46. The nucleic acid sensor system of any of paragraphs 1-45, wherein the hybridization region
comprises one or more polymorphisms.
47. A nucleic acid sensor system, comprising:
a) a first domain comprising a 3’ hybridization region; and
b) a second domain comprising a 5’ hybridization region;
wherein the first domain and the second domain, when bridged by a target nucleic acid
that hybridizes to the 3° hybridization region and the 5’ hybridization region, are
configured to encode a non-template cassette comprising a promoter, a ribosome binding
site, and a coding sequence for a reporter protein.
48. A nucleic acid sensor system, comprising:
a) a first domain comprising a 3’ hybridization region; and
b) a second domain comprising a 5’ hybridization region;
wherein the first domain and the second domain, when ligated together, are configured to
encode a non-template cassette comprising a promoter, a ribosome binding site, and a
coding sequence for a reporter protein.
49. A nucleic acid sensor system, comprising:
a) a first domain comprising a 3’ hybridization region; and
b) a second domain comprising a 5’ hybridization region;
wherein the first domain and the second domain, when ligated together and hybridized to
a target nucleic acid that hybridizes to the 3’ hybridization region and the 5’ hybridization
region, are configured to encode a non-template cassette comprising a promoter, a

ribosome binding site, and a coding sequence for a reporter protein.
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50. A nucleic acid sensor system comprising a single-stranded, non-template form of a DNA
expression cassette comprising:
1) a promoter;
i1) a ribosome binding site (RBS); and
ii1) a coding sequence for a reporter protein;
wherein a target nucleic acid hybridization sequence is located within the cassette, and
the cassette is separated into or comprises a first domain and a second domain wherein
the separation or transition between domains occurs within the hybridization region.
51. The nucleic acid sensor system of any of paragraphs 47-50, wherein either the first or second
domain comprise the coding sequence for a reporter protein and the remaining domain comprises
the promoter.
52. The nucleic acid sensor system of any of paragraphs 47-51, wherein either the first or second
domain comprise the coding sequence for a reporter protein and the remaining domain comprises
the promoter and ribosome binding site.
53. The nucleic acid sensor system of any of paragraphs 47-52, wherein either the first or second
domain comprises the promoter, the ribosome binding site, and a start codon of the coding
sequence for the reporter protein and the remaining domain comprises the remaining coding
sequence for the reporter protein.
54. The nucleic acid sensor system of paragraph 53, wherein the first domain comprises, from 5’
to3’:
1) the promoter;
i1) the ribosome binding site (RBS);,
ii1) the start codon for the coding sequence for the reporter protein; and
iv) the 3’ hybridization region in the form of a reading frame in-frame with the start
codon;
and the second domain comprises from 5’ to 3”:
1) the 5° hybridization region in the form of a reading frame in frame with the remaining
coding sequence for the reporter protein; and
i1) a remaining coding sequence for the reporter protein linked downstream of and in-

frame with the 5” hybridization region.
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55. The nucleic acid sensor system of any of paragraphs 47-54, wherein either the first or second
domain comprises the promoter and the remaining domain comprises the ribosome binding site
and coding sequence for the reporter protein.
56. The nucleic acid sensor system of paragraph 55, wherein the first domain comprises, from 5’
to3’:
1) the promoter; and
i1) the 3 hybridization region;
and the second domain comprises, from 5’ to 3’:
1) the 5” hybridization region;
i1) the ribosome binding sequence; and
ii1)  the coding sequence for the reporting protein.
57. The nucleic acid sensor system of any of paragraphs 47-56, wherein either the first or second
domain comprises the promoter, the ribosome binding site, and a 5° portion of the coding
sequence for the reporter protein and the remaining domain comprises the remaining coding
sequence for the reporter protein.
58. The nucleic acid sensor system of paragraph 57, wherein the first domain comprises, from 5’
to3’:
1) the promoter;
ii) the RBS;
iil)a first portion of the coding sequence for the reporter protein, comprising a start codon
and at least one additional codon; and
iv) the 3’ hybridization region in the form of a reading frame in-frame with the start
codon,;
and the second domain comprises, from 5’ to 3’:
1) the 5° hybridization region in the form of a reading frame in-frame with the first
portion of the coding sequence for the reporter protein and in-frame with the second
portion of the coding sequence for the reporter protein; and
i1) a second portion of the coding sequence for the reporter protein linked downstream of

and in-frame with the 5° hybridization region.

64



WO 2020/037038 PCT/US2019/046497

59. The nucleic acid sensor system of any of paragraphs 57-58, wherein the 3’ hybridization
region and 5’ hybridization region are located in the coding sequence of the reporter protein,
within a region encoding for a solvent exposed loop of the reporter protein.

60. The nucleic acid sensor system of any of paragraphs 57-59, wherein the 3’ hybridization
region and 5’ hybridization region are located in the coding sequence of the reporter protein and
do not substantially impact reporter gene function.

61. The nucleic acid sensor system of any of paragraphs 47-60, wherein the first domain and the
second domain are DNA.

62. The nucleic acid sensor system of any of paragraphs 47-61, wherein at least a portion of the
3’ hybridization region is in the promoter, the ribosome binding site, or the coding sequence.
63. The nucleic acid sensor system of any of paragraphs 47-62, wherein at least a portion of the
5’ hybridization region is in the promoter, the ribosome binding site, or the coding sequence.
64. The nucleic acid sensor system of any of paragraphs 47-63, wherein the 3’ hybridization
region is not within or co-extensive with the promoter, the ribosome binding site, or the coding
sequence.

65. The nucleic acid sensor system of any of paragraphs 47-64, wherein the 3 hybridization
region is 3° of any promoter, ribosome binding site, or coding sequence in the first domain.

66. The nucleic acid sensor system of any of paragraphs 47-65, wherein the 5’ hybridization
region is not within or co-extensive with the promoter, the ribosome binding site, or the coding
sequence.

67. The nucleic acid sensor system of any of paragraphs 47-66, wherein the 5’ hybridization
region is 5° of any promoter, ribosome binding site, or coding sequence in the second domain.
68. The nucleic acid sensor system of any of paragraphs 47-67, wherein the two hybridization
regions are collectively at least 12 nucleotides in length.

69. The nucleic acid sensor system of any of paragraphs 47-68, wherein the 5’ and 3’
hybridization regions are each at least 6 nucleotides in length.

70. The nucleic acid sensor system of any of paragraphs 47-69, wherein the first and second
domains are on the same molecule.

71. The nucleic acid sensor system of any of paragraphs 47-70, wherein the 5° end of the first
domain is linked to the 3° end of the second domain through intervening ssDNA sequences so

that the first and second domain are present on a single DNA sequence or strand.
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72. The nucleic acid sensor system of any of paragraphs 47-71, wherein the 5” end of the first
domain further comprises a sequence that forms a terminal hairpin loop.
73. The nucleic acid sensor system of any of paragraphs 47-72, wherein the system further
comprises a primer complementary to a 3’ region of the second domain.
74. The nucleic acid sensor system of any of paragraphs 47-73, wherein the system further
comprises a primer complementary to a sequence which is 3° of any promoter, ribosome binding
site, or coding sequence in the second domain.
75. The nucleic acid sensor system of any of paragraphs 47-74, wherein the second domain
further comprises a nucleotide sequence at its 3’ end comprising the primer in a terminal hairpin
loop.
76. The nucleic acid sensor system of any of paragraphs 47-75, wherein the reporter protein is
selected from the group consisting of luciferase, nanoluciferase, beta-lactamase, beta-
galactosidase, horseradish peroxidase, alkaline phosphatase, catalase, carbonic anhydrase, green
fluorescent protein, red fluorescent protein, cyan fluorescent protein, yellow fluorescent protein,
trypsin, a protease, and a peptide that complements and activates a truncated reporter protein.
77. The nucleic acid system of any of paragraphs 47-76, further comprising a cell free expression
system.
78. The nucleic acid system of any of paragraphs 47-77, further comprising a ligase.
79. The nucleic acid system of any of paragraphs 47-78, further comprising a reverse
transcriptase.
80. The nucleic acid system of any of paragraphs 47-79, further comprising a ribonuclease that
hydrolyzes RNA which is hybridized to DNA.
81. The nucleic acid system of any of paragraphs 47-80, wherein the ribonuclease is RNAse H.
82. The nucleic acid system of any of paragraphs 47-81, further comprising:
a) a single-stranded DNA primer complementary to i) a 3’ region of the expression
cassette, i) a 3’ region of the second nucleic acid, iii) a sequence which is 3” of any
promoter, ribosome binding site, or coding sequence in the second nucleic acid, or iv) a
sequence which is 3” of any promoter, ribosome binding site, or coding sequence in the
expression cassette;
b) a ligase; and

c) a cell-free expression system.
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83. The nucleic acid sensor system of any of paragraphs 47-82, further comprising one or more
of ligase, a strand-displacing DNA polymerase, dNTPs, RNAse inhibitor, and a cell free
expression system.

84. The nucleic acid sensor system of any of paragraphs 77-83, wherein the cell free expression
system is whole cell extract.

85. The nucleic acid sensor system of any of paragraphs 47-84, wherein the DNA polymerase is
selected from the group consisting of a Klenow fragment with exonuclease portion, a Klenow
fragment without the exonuclease portion, a phi29 polymerase, a modified T7 DNA polymerase,
a polymerase from Psychrobacillus, a polymerase from Psychrobacillus with enhanced strand
displacement, and a polymerase from B. subfilis.

86. The nucleic acid sensor system of any of paragraphs 47-85, wherein the junction is
configured to hybridize against a polymorphism of the target nucleic acid.

87. The nucleic acid sensor system of any of paragraphs 47-86, wherein the 3” or 5’
hybridization region is configured to hybridize to a polymorphism of the target nucleic acid.

88. The nucleic acid sensor system of any of paragraphs 47-87, wherein the free end of the 3° or
5° hybridization region is configured to hybridize to a polymorphism of the target nucleic acid.
89. The nucleic acid sensor system of any of paragraphs 47-88, wherein the polymorphism is
located at one or both of the two bases at the junction of the hybridization region, on either or
both the upstream or downstream ssDNA sensor domain.

90. The nucleic acid sensor system of any of paragraphs 47-89, wherein the hybridization region
comprises one or more polymorphisms.

91. A method for detecting a target nucleic acid in a sample, comprising:

a) providing a nucleic acid sensor system of any of paragraphs 1-90, in which an upstream
hybridization region and a downstream hybridization region are complementary to a
portion of the target nucleic acid such that hybridization of the target nucleic acid to the
upstream and downstream hybridization regions creates a junction between the first and
second nucleic acids or first and second domains;

b) contacting the nucleic acid sensor system with the sample in the presence of ligase
under conditions appropriate for hybridization of the target nucleic acid with the

upstream and downstream hybridization regions and ligation of the upstream and
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downstream hybridization regions, to thereby produce an operably-linked ssDNA
reaction product;
¢) contacting the reaction product produced in step b) to a cell free expression system
comprising a DNA polymerase, dNTPs and other building block components necessary
for mRNA and protein production, and a ssDNA primer under conditions appropriate for
DNA polymerization, RNA transcription, and RNA translation to thereby produce a
reporter protein;
d) measuring the reporter protein present to indicate the presence of the target nucleic
acid in the sample.

92. A method for detecting a target nucleic acid in a sample, comprising:
a) providing a nucleic acid sensor system of any of paragraphs 1-90, in which the 3’
hybridization region and the 5’ hybridization region are complementary to a portion of
the target nucleic acid such that hybridization of the target nucleic acid to the two
hybridization regions creates a junction between the first and second nucleic acids;
b) contacting the nucleic acid sensor system with the sample in the presence of ligase
under conditions appropriate for hybridization of the target nucleic acid with the 3’
hybridization region and 5’hybridization regions and ligation of the hybridization
regions, to thereby produce a reaction product comprising a strand of the target nucleic
acid hybridized to a nucleic strand comprising the operably-linked first and second
nucleic acids;
¢) contacting the reaction product produced in step b) with a cell free expression system
to thereby produce a reporter protein;
d) measuring the reporter protein produced in step ¢) to determine the amount of the
target nucleic acid in the sample.

93. The method of any of paragraphs 91-92, wherein components of the nucleic acid sensor

system are each present at about 16 nM.

94. The method of any of paragraphs 91-93, wherein ligase is present at about 100 nM.

95. The method of any of paragraphs 91-94, wherein step b) is incubated for a period of from 5

minutes to 15 minutes at ambient temperature (24-26°C) and/or step ¢) is incubated for a period

of time from 60 minutes to 3 hours, at ambient temperature.
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96. The method of any of paragraphs 91-95, wherein the cell free expression system further
comprises an RNase inhibitor.

97. The method of any of paragraphs 91-96, wherein the cell free expression system further
comprises 12.5 uM ssDNA primer complementary to the 3” end of the second nucleic acid or the
second domain.

98. The method of any of paragraphs 91-97, wherein the cell free expression system further
comprises a reporter protein substrate.

99. The method of any of paragraphs 91-98, wherein the concentration of dNTPs is about 230
uM.

100. The method of any of paragraphs 91-99, wherein the DNA polymerase is selected from the
group consisting of a Klenow fragment with exonuclease portion, a Klenow fragment without the
exonuclease portion, a phi29 polymerase, a modified T7 DNA polymerase, a polymerase from
Psychrobacillus, a polymerase from Psychrobacillus with enhanced strand displacement, and a
polymerase from B. subtilis.

101. The method of any of paragraphs 91-100, wherein the reporter protein is luciferase and the
reporter protein substrate is a luciferase substrate and measuring is by detection of luminescence
in the cell free expression system.

102. The method of any of paragraphs 91-101, wherein transcription further comprises
hybridization of the ssDNA primer to the RNA transcript, reverse transcription using a reverse
transcriptase, and endolytic cleavage.

103. The method of any of paragraphs 91-102, wherein the junction is configured to hybridize
against a polymorphism of the target nucleic acid.

104. The method of any of paragraphs 91-103, wherein the 3’ or 5° hybridization region is
configured to hybridize to a polymorphism of the target nucleic acid.

105. The method of any of paragraphs 91-104, wherein the free end of the 3’ or 5” hybridization
region is configured to hybridize to a polymorphism of the target nucleic acid.

106. The method of any of paragraphs 91-105, wherein the polymorphism is located at one or
both of the two bases at the junction of the hybridization region, on either or both the upstream
or downstream ssDNA sensor domain.

107. The method of any of paragraphs 91-106, wherein one or more polymorphisms may be

optionally introduced within the hybridization region.
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[00170] Some embodiments of the technology described herein can be defined according to any of
the following numbered paragraphs:

1. A nucleic acid sensor system comprising a first and second single stranded DNA sensor
parts which, when ligated together generate a single strand of a DNA expression cassette
that comprises:

1) a promoter;

i1) a ribosome binding site (RBS); and

ii1) a coding sequence;
wherein a target nucleic acid hybridization sequence is located within the first and second
single stranded DNA sensor parts.

2. A nucleic acid sensor system comprising a first and second single stranded DNA sensor
parts which, when ligated together generate a single strand of a DNA expression cassette
that comprises:

1) a promoter;

i1) a ribosome binding site (RBS);

ii1) a coding sequence,
which single strand comprises:

iv) a target nucleic acid hybridization sequence comprising a 3’ and 5’
hybridization regions, wherein the 3’ hybridization region is included in the first sensor
part and the 5° hybridization region is included in the second sensor part so that, when the
sensor system is contacted with a sample that includes a target nucleic acid that
hybridizes with the target nucleic acid sequence, hybridization with the target nucleic
acid enables ligation of the first and second parts to generate the single strand.

3. The nucleic acid sensor system of any of paragraphs 1-2, wherein the DNA expression
cassette is a non-template DNA expression cassette.

4. The nucleic acid sensor system of any of paragraphs 1-3, wherein the first and second
sensor parts of the expression cassette are separated at any given position within the
expression cassette.

5. The nucleic acid sensor system of paragraph 4, wherein the separation occurs within the

target nucleic acid hybridization sequence.
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10.

11.

12.

The nucleic acid sensor system of any of paragraphs 1-4, wherein the target nucleic acid
hybridization sequence is located at any given position within the expression cassette.
The nucleic acid sensor system of any of paragraphs 1-6, wherein either the first or the
second sensor part comprises the coding sequence and the remaining sensor part
comprises the promoter.
The nucleic acid sensor system of any of paragraphs 1-7, wherein either the first or the
second sensor part comprises the promoter and the ribosome binding site and the
remaining sensor part comprises the coding sequence.
The nucleic acid sensor system of any of paragraphs 1-8, wherein either the first or the
second sensor part comprises the promoter, the ribosome binding site, and a start codon
of the coding sequence and the remaining sensor part comprises the remaining coding
sequence.
The nucleic acid sensor system of paragraph 9, wherein the first sensor part comprises,
from 5” to 3’:

1) the promoter;

i1) the ribosome binding site (RBS);,

ii1) the start codon for the coding sequence; and

iv) the 3’ hybridization region in the form of a reading frame in-frame with the
start codon,;
and the second sensor part comprises from 5’ to 3”:

1) the 5° hybridization region in the form of a reading frame in-frame with the
remaining coding sequence; and

i1) aremaining coding sequence linked downstream of and in-frame with the 5’
hybridization region.
The nucleic acid sensor system of any of paragraphs 1-10, wherein either the first or the
second sensor part comprises the promoter and the remaining sensor part comprises the
ribosome binding site and the coding sequence.
The nucleic acid sensor system of paragraph 11, wherein the first sensor part comprises,
from 5” to 3’:

1) the promoter; and

i1) the 3 hybridization region;
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and the second sensor part comprises, from 5’ to 3”:
1) the 5” hybridization region;
i1) the ribosome binding sequence; and
i) the coding sequence.
13. The nucleic acid sensor system of any of paragraphs 1-12, wherein either the first or the
second sensor part comprises the promoter, the ribosome binding site, and a 5° portion of
the coding sequence and the remaining sensor part comprises the remaining coding
sequence.
14. The nucleic acid sensor system of paragraph 13, wherein the first sensor part comprises,
from 5’ to 3’:
1) the promoter;
ii) the RBS;
ii1) a first portion of the coding sequence, comprising a start codon and at least
one additional codon,;
iv) the 3’ hybridization region in the form of a reading frame in-frame with the
start codon,;

and the second sensor part comprises, from 5’ to 3”:
1) the 5° hybridization region in the form of a reading frame in-frame with the first
portion of the coding sequence and in-frame with the second portion of the coding
sequence; and
i1) a second portion of the coding sequence linked downstream of and in-frame
with the 5” hybridization region.

15. The nucleic acid sensor system of any of paragraphs 1-14, wherein at least a portion of
the 3 hybridization region is in the promoter, the ribosome binding site, or the coding
sequence.

16. The nucleic acid sensor system of any of paragraphs 1-15, wherein at least a portion of
the 5° hybridization region is in the promoter, the ribosome binding site, or the coding
sequence.

17. The nucleic acid sensor system of any of paragraphs 1-16, wherein the 3’ hybridization

region is not within the promoter, the ribosome binding site, or the coding sequence.

72



WO 2020/037038 PCT/US2019/046497

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The nucleic acid sensor system of any of paragraphs 1-17, wherein the 3’ hybridization
region is 3° of any promoter, ribosome binding site, or coding sequence in the first sensor
part.

The nucleic acid sensor system of any of paragraphs 1-18, wherein the 5” hybridization
region is not within the promoter, the ribosome binding site, or the coding sequence.
The nucleic acid sensor system of any of paragraphs 1-19, wherein the 5” hybridization
region is 5° of any promoter, ribosome binding site, or coding sequence in the second
sensor part.

The nucleic acid sensor system of any of paragraphs 1-20, wherein the 3’ hybridization
region and the 5’ hybridization region are collectively at least 12 nucleotides in length.
The nucleic acid sensor system of any of paragraphs 1-21, wherein the 3’ hybridization
region and the 5’ hybridization region are each at least 6 nucleotides in length.

The nucleic acid sensor system of any of paragraphs 1-22, wherein the first and second
sensor parts are on the same molecule.

The nucleic acid sensor system of any of paragraphs 1-23, wherein the 5” end of the first
sensor part is linked to the 3’ end of the second sensor part through intervening ssDNA
sequences so that the first and second sensor part form a single molecule.

The nucleic acid sensor system of any of paragraphs 1-24, wherein the system further
comprises a primer complementary to a sequence within the non-template expression
cassette or intervening sSDNA sequences.

The nucleic acid sensor system of any of paragraphs 1-22, wherein the first and second
sensor parts are on at least two separate molecules.

The nucleic acid sensor system of any of paragraphs 1-22 or 26, wherein the 5” end of the
first sensor part further comprises a sequence that forms a terminal hairpin loop.

The nucleic acid sensor system of any of paragraphs 1-22 or 26-27, wherein the system
further comprises a primer complementary to a 3’ region of the second sensor part.

The nucleic acid sensor system of any of paragraphs 23-25, wherein the system further
comprises a primer complementary to a sequence which is 3° of any promoter, ribosome

binding site, or coding sequence in the second sensor part.
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30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

The nucleic acid sensor system of any of paragraphs 23-25, wherein the system further
comprises a primer complementary to a region 5’ of any promoter, ribosome binding site,
or coding sequence in the second sensor part.

The nucleic acid sensor system of any of paragraphs 1-22 and 26-30, wherein the second
sensor part further comprises a nucleotide sequence at its 3’ end comprising the primer in
a terminal hairpin loop.

The nucleic acid sensor system of any of paragraphs 1-31 wherein the coding sequence of
the DNA expression cassette encodes a polypeptide.

The nucleic acid sensor system of paragraph 32, wherein the polypeptide is a reporter
protein.

The nucleic acid sensor system of any of paragraphs 13-14, wherein the 3° hybridization
region and the 5° hybridization region are located in the coding sequence, within a region
encoding for a solvent exposed loop of the reporter protein.

The nucleic acid sensor system of any of paragraphs 13-14 or 34, wherein the 3’
hybridization region and the 5 hybridization region are located in the coding sequence of
the reporter protein and do not substantially impact reporter gene function.

The nucleic acid sensor system of paragraph 33, wherein the reporter protein comprises a
luciferase, nanoluciferase, beta-lactamase, beta-galactosidase, horseradish peroxidase,
alkaline phosphatase, catalase, carbonic anhydrase, green fluorescent protein, red
fluorescent protein, cyan fluorescent protein, yellow fluorescent protein, trypsin, a
protease, a peptide that complements and activates a truncated reporter protein, and a
polypeptide that is detectable by an assay.

The nucleic acid system of any of paragraphs 1-36, further comprising a cell free
expression system.

The nucleic acid system of any of paragraphs 1-37, further comprising a ligase.

The nucleic acid system of any of paragraphs 1-38, further comprising a reverse
transcriptase.

The nucleic acid system of any of paragraphs 1-39, further comprising a ribonuclease that
hydrolyzes RNA which is hybridized to DNA.

The nucleic acid system of paragraph 40, wherein the ribonuclease is RNAse H.
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42.

43.

44.

45.

46.

47.

48.

49.

The nucleic acid sensor system of any of paragraphs 1-41, further comprising one or
more of a ligase, a strand-displacing DNA polymerase, dNTPs, RNAse inhibitor, and a
cell free expression system.

The nucleic acid sensor system of any of paragraphs 37-42, wherein the cell free
expression system is whole cell extract.

The nucleic acid sensor system of any of paragraphs 1-43, further comprising a DNA
polymerase.

The nucleic acid sensor system of paragraph 44, wherein the DNA polymerase is selected
from the group consisting of a Klenow fragment with exonuclease portion, a Klenow
fragment without the exonuclease portion, a phi29 polymerase, a modified T7 DNA
polymerase, a polymerase from Psychrobacillus, a polymerase from Psychrobacillus
with enhanced strand displacement, a polymerase from B. subtilis, Sequenase Version
2.0, a Bsu DNA Polymerase Large Fragment, a Bst 3.0 DNA Polymerase, a Phusion®
High-Fidelity DNA Polymerase, a Vent® DNA Polymerase without the exonuclease
portion, a Vent® DNA Polymerase, a Q5® High-Fidelity DNA Polymerase, and a DNA
Polymerase I Large (Klenow) Fragment.

The nucleic acid sensor system of any of paragraphs 1-45, wherein a polymorphism of
the target nucleic acid hybridizes to a sequence at the 3’ end of the first sensor part
hybridization region, and 5’ of the second sensor part hybridization region.

The nucleic acid sensor system of any of paragraphs 1-46, wherein the 3’ hybridization
region of the first sensor part or 5° hybridization region of the second sensor part is
configured to hybridize to a polymorphism of the target nucleic acid.

The nucleic acid sensor system of any of paragraphs 1-47, wherein the free end of the 3’
hybridization region of the first sensor part or the free end of 5° hybridization region of
the second sensor part is configured to hybridize to a polymorphism of the target nucleic
acid.

The nucleic acid sensor system of any of paragraphs 1-48, wherein the hybridization
sequence of the polymorphism comprises one or both of the most 3” base of the first
sensor part hybridization region and the 5’ base of the second sensor part hybridization

region.

75



WO 2020/037038 PCT/US2019/046497

50.

51.

52.

53

The nucleic acid sensor system of any of paragraphs 1-49, wherein the target nucleic acid
hybridization region comprises one or more polymorphisms.

A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid,;

b) contacting sample comprising the target nucleic acid with the nucleic acid sensor
system of any of paragraphs 1-50 in the presence of a ligase under conditions favorable to
the hybridization of the target nucleic acid to the 3’ hybridization region of the first
sensor part and to the 5° hybridization region of the second sensor part of the expression
cassette, to thereby generate a reaction product comprising the target nucleic acid
hybridized to the first sensor part and the second sensor part operably-linked to each
other;

¢) contacting the reaction product produced in step b) with a cell-free expression system
in the presence of a strand displacing DNA Polymerase and a primer, under conditions
favorable to the production of a reporter protein;

d) contacting reaction product produced in step c¢) with a reagent enabling the detection of
the expression of the reporter protein,

e) measuring the expression of the reporter protein produced in step d) to determine the
presence and/or amount of the target nucleic acid in the sample.

The method of paragraph 51, wherein the ligase is provided as a part of the cell free

system.

. A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid,;

b) contacting sample comprising the target nucleic acid with the nucleic acid sensor
system of any of paragraphs 1-50 in the presence of a ligase and optionally a primer
under conditions favorable to the hybridization of the target nucleic acid sequence to the
3’ hybridization region of the first sensor part and to the 5* hybridization region of the
second sensor part of the expression cassette, to thereby generate a reaction product
comprising the target nucleic acid hybridized to the first sensor part and the second

sensor part operably-linked to each other;
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54.

55.

56.

57.

¢) contacting the reaction product produced in step b) with a cell-free expression system
in the presence of a strand displacing DNA Polymerase, under conditions favorable to the
production of a reporter protein;

d) contacting reaction product produced in step c¢) with a reagent enabling the detection of
the expression of the reporter protein,

e) measuring the expression of the reporter protein produced in step d) to determine the
presence and/or amount of the target nucleic acid in the sample.

The method of paragraph 53, wherein the ligase is provided as a part of the cell free
system.

A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid,;

b) contacting sample comprising the target nucleic acid with 1) the nucleic acid sensor
system of any of paragraphs 1-50 in the presence of a ligase, and i1) a cell-free expression
system in the presence of a strand displacing DNA Polymerase and a primer, under
conditions favorable to the hybridization of the target nucleic acid to the 3’ hybridization
region of the first sensor part and to the 5° hybridization region of the second sensor part
of the expression cassette, and to the production of a reporter protein;

¢) contacting reaction product produced in step b) with a reagent enabling the detection of
the expression of the reporter protein,

d) measuring the expression of the reporter protein produced in step d) to determine the
presence and/or amount of the target nucleic acid in the sample.

The method of paragraph 55, wherein the ligase is provided as a part of the cell free
system.

A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid sequence;

b) contacting sample comprising the target nucleic acid sequence with 1) the nucleic acid
sensor system of any of paragraphs 1-50 in the presence of a ligase, i1) a cell-free
expression system in the presence of a strand displacing DNA Polymerase and a primer,
and ii1) a reagent enabling the detection of the expression of the reporter protein, under

conditions favorable to the hybridization of the target nucleic acid to the 3’ hybridization
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region of the first sensor part and to the 5° hybridization region of the second sensor part
of the expression cassette, and to the production of a reporter protein;
¢) measuring the expression of the reporter protein produced in step b) to determine the
presence and/or amount of the target nucleic acid in the sample.

58. The method of paragraph 57, wherein the ligase is provided as a part of the cell free
system.

59. A kit comprising:
a) acomposition comprising a nucleic acid sensor system of any of paragraphs 1-50 in a

packaging material;

b) a sample collection device;
¢) a positive control; and

d) instructions for use.

EXAMPLES
Example [
[00171] Nucleic acid sequences
[00172] All nucleic acid sequences are included in Table 1 (DNA sequence shown). Short
oligonucleotide (<200 nucleotides (nt)) A parts were purchased from Integrated DNA
Technologies (IDT, Coralville, IA), with PAGE purification. Longer (>200 nt) ssDNA
components and RNA targets sequences were prepared from gBlocks purchased from IDT as

detailed below.

Example 2

[00173] Preparation of ssDNA sensor components

[00174] gBlocks are amplified using primers and Q5 PCR kit (New England Biolabs, NEB,
Ipswich, MA). 200 uL. PCR reactions include 100 uL. Q5 mastermix, 97 uL water, 1 uL gBlock
(10 ng/uL), 1 uL. each 100 uM unlabeled forward and biotinylated reverse primer. PCR
reactions are run with hot start at 98°C for 2 min, 35 cycles of 98°C denaturing for 10s, 68°C
annealing for 20s, and 72°C extension for 30s, followed by 72°C final extension for 2 min. PCR
reactions are pooled and purified on a DNA-25 Clean and Concentrate column from Zymo

Research (Irvine, CA), eluted into 50 uL. H20 and run on a 2% E-gel EX (Invitrogen, Carlsbad,
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CA) for confirmation. Concentration is determined on a Nanodrop (ThermoFisher Scientific,
Waltham, MA). ssDNA constructs are purified using Dynabeads MyOne Streptavidin C1
magnetic beads (ThermoFisher Scientific). Bead volume is calculated based on PCR concentration
and bead binding capacity of 20 ug ds-DNA/Img beads, using ~20% excess beads to ensure
complete binding. Beads are transferred to 2.0 mL tubes and pelleted via a particle concentrator
rack (MPC). Beads are washed twice using 1x Binding and Wash buffer (B/W, 5 mM Tris-HCI,
pH 7.5, 0.5 mM EDTA, 1 M NaCl). One volume of 2x B/W is added to one volume PCR elution,
and the PCR mix is added to the beads, rotating at room temperature for a minimum of 20 min.
Beads are concentrated and washed twice. ssDNA is eluted two times with one volume of 100 mM
cold NaOH. The eluate is neutralized with 0.1 volume 1M HCI and 0.1 volume 3M NaOAc, pH
5.0 and purified using a Zymo Oligo Clean and Concentrate kit (Zymo Research).

Example 3
[00175] Preparation of RNA targets
[00176] gBlocks encoding the target RNA sequences with 5° T7 promoters were purchased from
IDT and added to the HiScribe in vitro transcription system (NEB), and reactions were run for
approximately 4 hours. RNA is purified using a Zymo RNA Clean and Concentrate kit (Zymo

Research) and concentration was determined using a Nanodrop.

Example 4
[00177] Construction of plasmid expressing target RNA in E. coli
[00178] DHS5a E. coli cells containing the pUC19-based pgRNA-bacteria plasmid was purchased
from Addgene (plasmid #44251), grown in LB with ampicillin, and the plasmid purified by mini-
prep (Zymo Research). The DNA sequence encoding a target RNA was inserted into the vector
using QS5 site-directed mutagenesis (NEB) and verified with colony PCR.

Example 5
[00179] Preparation of RNA extracts
[00180] DHSa E. coli cells transformed with a plasmid expressing an RNA target sequence were

grown at 37°C until ODesoo of 0.3. 0.75 mL of TRIzol LS Reagent (Thermo Fisher) was added to

250 pL of cells and mixed via pipetting. This mixture was incubated at room temperature for 5
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min. 0.2 mL of chloroform was added and cells were left to sit for 3 min. Next, the reaction was
centrifuged for 15 min @ 12000xg and 4°C. After centrifugation, the aqueous phase (top phase)
was added to a Zymo RNA Clean and Concentrate (Zymo Research) purification column and
eluted in 25 plL. The purified RNA was treated with DNase I and added to another RNA
purification column to generate the RNA extract. Whole cell extracts were obtained from F. coli
cells that were grown to the same 0.3 OD, pelleted and concentrated 10x during resuspension in
RNA storage buffer (Invitrogen, ImM sodium citrate, pH 6.4). Cells were heat lysed by incubation
at 95°C for 5 min.

Example 6

[00181] Standard Detection Assay Conditions

[00182] 0.41 units of PBCV-1 DNA ligase, 3 uM reverse primer, 50 mM Tris-HCI, 10 mM MgCls,
1 mM ATP, and 10 mM DTT are combined with 38 nM each part A and B sensor components in
1.2 uL and incubated at room temperature (24-26°C) for 5-15 minutes as indicated. After the
sensor binding and ligation reaction, 1.6 ul of a cell-free expression and substrate mix comprised
of 0.45 v/v PURExpress solution A (NEB), 0.34 v/v PURExpress solution B (NEB), 0.91 units
murine RNase inhibitor (NEB), 228 uM dNTPs mix (NEB), 0.02 v/v Nano-Glo substrate
(Promega), and 0.125 units DNA polymerase is added and the expression reaction is sealed with
optically clear film and endpoint reads are taken on a Biotek (Winooski, VT) Synergy NEO plate

reader at 100 gain. Any modifications are noted in the example descriptions below.

Example 7
[00183] As illustrated in Fig. 1, key components of the system include:
a single-stranded DNA ‘A’ domain,
a single-stranded DNA ‘B’ domain that is 5” phosphorylated
a ssDNA primer that hybridizes to the 3” end of the B domain,
a ligase,
a DNA polymerase, and

a cell-free expression system.

Example 8
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[00184] Disruption of the expression cassette.
[00185] A double stranded DNA expression cassette consisting of a T7 promoter, ribosome binding
site (RBS), and the coding sequence of a luciferase reporter protein was disrupted by splitting the
expression cassette into two separate parts — the upstream (or A) part and the downstream (or B)
part (see e.g., Fig. 2A). Three versions of the split expression cassette include:

Version 1 (v1) — split after the start codon (ATG) of the coding sequence,

Version 2 (v2) — split between the promoter and the RBS, and

Version 3 (v3) — split embedded within a loop or turn of the reporter protein
[00186] The v1 and v2 constructs include an inserted region of 36 nucleotides at the split site
designed to bind to a target 36 nucleotide RNA sequence; 18 nucleotides of the inserted
hybridization region are on the 3’ end of the A part and 18 nucleotides of the hybridization region
are on the 5” end of the B part. Two constructs for each of the v1 and v2 designs were created to
target two different RNA molecules (T1 and T2). The v3 construct does not include an inserted
hybridization region, and a target RNA was designed to be complementary to the region of the
split site. Sensor ssDNA parts for each of the versions described above are illustrated in Fig. 3.
DNA sequences of all constructs and targets are listed in Table 1.
[00187] Full, intact dSDNA expression cassettes for v1, v2, and v3, and their respective dsSDNA A
or B parts were generated by PCR. Linear products were added to a cell-free expression system
to monitor transcription, translation, and activity of a luciferase reporter by measuring
luminescence (see e.g., Fig. 4A-Fig. 4C). PCR products (12.5 nM) were added directly to a cell-
free expression system (PURExpress, NEB) supplemented with 200 uM dNTPs, 0.22 mg/mL BSA
and Nano-Glo substrate (Promega) and incubated at ambient temperature (24-26°C) for one hour.
Luminescence was measured for three separate reactions, as well as for blank wells, using a plate

reader.

Example 9
[00188] Sensitive detection of target RNA with version 1 sensor system.
[00189] The v1 sensor system (Fig. 3) was tested for activation based on the presence of cognate
RNA target sequences bridging separate ssDNA A and B parts. An additional off-target RNA
sequence that is not complementary to the target hybridization site was also tested. Data showing

vl sensor detection of RNA target (T2) with a 5-minute ligation followed by a 1-hour expression
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reaction are shown in Fig. SA-Fig. SB. The performance of two different DNA polymerases were
tested, Klenow fragment+exo (see e.g., Fig. SA) and Sequenase (see e.g., Fig. 5B).

[00190] The v1 sensor system was also tested for activation by target RNA T1. Experiments were
run as described above, except that ligation time was increased from 5 to 15 minutes. Femtomolar

detection of T1 RNA is shown in Fig. 6.

Example 10

[00191] High specificity of vI sensor in background of E. coli RNA and whole cell extract

[00192] v1 sensor performance was evaluated in the presence of increasing amounts of total £. coli
RNA (ThermoFisher Scientific) from 2.6-2600 ng. To accommodate the additional volume from
the RNA background, the standard detection assay was modified by increasing the initial
concentration of stock ssDNA sensor parts A and B by 7.5x to enable a lower volume of sensor to
achieve the same final sensor concentration. This enabled addition of different volumes of
background RNA without changing other reaction component concentrations. Detection of T1
RNA in varying backgrounds of non-specific £.coli RNA is shown in Fig. 7.

[00193] RNA obtained from £.coli by trizol extraction (RNAex) and crude whole cell extracts from
comparable quantities (4 x 10°) of cells lysed by heating at 95°C for 5 min (WCex) were also tested
as background components with the v1 sensor system detecting target T1. Data are shown in Fig.

8.

Example 11
[00194] Detection of target RNA expressed in E. coli.
[00195] £. coli containing a plasmid expressing the T2 target was harvested and either lysed by
heating to 95°C for 5 min (WCex) or treated to RNA extraction by trizol (RNAex). The v1 sensor
system was used to detect target RNA in both conditions with a 15-minute ligation and 1-hour

expression incubation at room temperature, as shown in Fig. 9.

Example 12
[00196] Detection of target RNA in background of human saliva
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[00197] The v1 sensor system was used to detect a fixed concentration (50 pM) of T1 target RNA
in increasing concentrations (v/v) of pooled human saliva (Innovative Research Inc., Novi, MI).

Data are shown in Fig. 10.

Example 13

[00198] Performance of alternative DNA polymerases.

[00199] The v3 sensor system (see e.g., Fig. 3) was tested for performance using different DNA
polymerases for the coding strand extension step. DNA polymerase processivity, exonuclease
activity, and promiscuity may all have an impact on performance. Parts A and B components were
added at 12.5 nM each and were incubated with 8.6 nM target RNA. After a five-minute
incubation at ambient temperature (24-26°C), the ligation reaction was added to a cell-free
expression system (PurExpress, NEB) supplemented with 125 nM reverse DNA primer and one
of the following DNA polymerases (0.15U each): Klenow fragment +exo; Klenow fragment —exo;
phi29 polymerase; or Sequenase. Reactions were further incubated at ambient temperature for one

hour. Performance with Target 2 is shown in Fig. 11A-Fig. 11D.

Example 14
[00200] Performance of alternative sensor component schemes.
[00201] The alternative sensor component scheme of v1 illustrated in Fig. 2B(i) was created where
both A and B parts are on the same ssDNA sequence such that B is now 5’ of A. Two constructs
were tested, one terminating the RNA transcript with the use of a T7 terminator domain (CSt) and
the other containing three repeat stop codons (CSs). Data showing performance of these

alternative schemes are shown in Fig. 12.
[00202] Table 1 — Nucleic Acid Sequences. Listed are parts A and B for each sensor design.

Full-length (AB) controls are the combination of both A and B parts. Lowercase letters

indicate inserted spacer domains.
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Name

SEQ
ID
NO:

Sequence

vl A Tl

GAATTAATACGACTCACTATAGGGATCTATCCACTACTCCTAAGGAG
ACTTTTTATGAATTATCTATGCATTACT

vl B Tl

AACCCTTCCGCCACTAAAGTGTTCACATTGGAGGACTTTGTAGGGGA
CTGGCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAG
GGAGGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCC
GATCCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGAC
ATCCATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGG
CCAAATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATC
ATTTTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCGTC
ACACCTAACATGATTGACTATTTTGGCCGTCCGTATGAGGGCATCGC
AGTGTTTGACGGAAAAAAAATCACCGTGACAGGGACACTGTGGAAC
GGCAATAAGATTATCGACGAGCGCCTTATTAACCCAGATGGGTCGC
TTTTATTCCGTGTCACTATTAATGGTGTCACTGGCTGGCGTTTGTGCG
AACGCATCCTGGCATAA

vl A T2

GAATTAATACGACTCACTATAGGGGTCCTCCCCCCCAAAACTACAAT
AAGGGGGTTTTITTATGTCCATTCCTGGCTTTAAT

vl A2 T2

GAATTAATACGACTCACTATAGGGATCTATCCACTACTCCTAAGGAG
ACTTTTTATGTCCATTCCTGGCTTTAAT

vl B T2

TTTACTGGTACAGTTTCAGTGTTCACATTGGAGGACTTTGTAGGGGA
CTGGCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAG
GGAGGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCC
GATCCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGAC
ATCCATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGG
CCAAATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATC
ATTTTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCGTC
ACACCTAACATGATTGACTATTTTGGCCGTCCGTATGAGGGCATCGC
AGTGTTTGACGGAAAAAAAATCACCGTGACAGGGACACTGTGGAAC
GGCAATAAGATTATCGACGAGCGCCTTATTAACCCAGATGGGTCGC
TTTTATTCCGTGTCACTATTAATGGTGTCACTGGCTGGCGTTTGTGCG
AACGCATCCTGGCATAA
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vl CSs T1 |6

AACCCTTCCGCCACTAAAGTGTTCACATTGGAGGACTTTGTAGGGGA
CTGGCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAG
GGAGGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCC
GATCCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGAC
ATCCATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGG
CCAAATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATC
ATTTTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCGTC
ACACCTAACATGATTGACTATTTTGGCCGTCCGTATGAGGGCATCGC
AGTGTTTGACGGAAAAAAAATCACCGTGACAGGGACACTGTGGAAC
GGCAATAAGATTATCGACGAGCGCCTTATTAACCCAGATGGGTCGC
TTTTATTCCGTGTCACTATTAATGGTGTCACTGGCTGGCGTTTGTGCG
AACGCATCCTGGCATAATAATAAGAATTAATACGACTCACTATAGG
GATCTATCCACTACTCCTAAGGAGACTTTTTATGAATTATCTATGCA
TTACT

vl CSt T2 |7

TTTACTGGTACAGTTTCAGTGTTCACATTGGAGGACTTTGTAGGGGA
CTGGCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAG
GGAGGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCC
GATCCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGAC
ATCCATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGG
CCAAATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATC
ATTTTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCGTC
ACACCTAACATGATTGACTATTTTGGCCGTCCGTATGAGGGCATCGC
AGTGTTTGACGGAAAAAAAATCACCGTGACAGGGACACTGTGGAAC
GGCAATAAGATTATCGACGAGCGCCTTATTAACCCAGATGGGTCGC
TTTTATTCCGTGTCACTATTAATGGTGTCACTGGCTGGCGTTTGTGCG
AACGCATCCTGGCATAACTAGCATAACCCCTCTCTAAACGGAGGGG
TTTGAATTAATACGACTCACTATAGGGGTCCTCCCCCCCAAAACTAC
AATAAGGGGGTTTTTTATGTCCATTCCTGGCTTTAAT

vl CSs T2 8

TTTACTGGTACAGTTTCAGTGTTCACATTGGAGGACTTTGTAGGGGA
CTGGCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAG
GGAGGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCC
GATCCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGAC
ATCCATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGG
CCAAATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATC
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ATTTTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCGTC
ACACCTAACATGATTGACTATTTTGGCCGTCCGTATGAGGGCATCGC
AGTGTTTGACGGAAAAAAAATCACCGTGACAGGGACACTGTGGAAC
GGCAATAAGATTATCGACGAGCGCCTTATTAACCCAGATGGGTCGC
TTTTATTCCGTGTCACTATTAATGGTGTCACTGGCTGGCGTTTGTGCG
AACGCATCCTGGCATAATGATAATAGTTTGGTTTGAATTAATACGAC
TCACTATAGGGGTCCTCCCCCCCAAAACTACAATAAGGGGGTTTTTT
ATGTCCATTCCTGGCTTTAAT

v2_ A Tl

GAATTAATACGACTCACTATAGGAATTATCTATGCATTACT

v2 B Tl

10

AACCCTTCCGCCACTAAAGGGTCAATTAAGGAGGTATATATGGTGTT
CACATTGGAGGACTTTGTAGGGGACTGGCGCCAGACAGCGGGCTAC
AACCTTGATCAGGTTCTGGAGCAGGGAGGTGTAAGTTCACTTTTCCA
GAATTTGGGTGTGAGTGTCACCCCGATCCAACGTATCGTGCTTTCCG
GAGAAAATGGGCTGAAGATCGACATCCATGTTATTATTCCTTATGAA
GGGCTTAGCGGAGATCAAATGGGCCAAATCGAAAAGATTTTCAAAG
TGGTATATCCTGTTGACGACCATCATTTITAAGGTCATTCTGCATTAC
GGAACTTTAGTCATCGACGGCGTCACACCTAACATGATTGACTATTT
TGGCCGTCCGTATGAGGGCATCGCAGTGTTTGACGGAAAAAAAATC
ACCGTGACAGGGACACTGTGGAACGGCAATAAGATTATCGACGAGC
GCCTTATTAACCCAGATGGGTCGCTTTTATTCCGTGTCACTATTAATG
GTGTCACTGGCTGGCGTTTGTGCGAACGCATCCTGGCATAA

V2 A T2

11

GAATTAATACGACTCACTATAGGTCCATTCCTGGCTTTAAT

v2 B T2

12

TTTACTGGTACAGTTTCAAAACTGTAAGCCCGTAGAAAGGACTTTCA
AACAATAAGCGGGTAAGGAGGTATTAAATGGTGTTCACATTGGAGG
ACTTTGTAGGGGACTGGCGCCAGACAGCGGGCTACAACCTTGATCA
GGTTCTGGAGCAGGGAGGTGTAAGTTCACTTTTCCAGAATTTGGGTG
TGAGTGTCACCCCGATCCAACGTATCGTGCTTTCCGGAGAAAATGGG
CTGAAGATCGACATCCATGTTATTATTCCTTATGAAGGGCTTAGCGG
AGATCAAATGGGCCAAATCGAAAAGATTTTCAAAGTGGTATATCCT
GTTGACGACCATCATTTTAAGGTCATTCTGCATTACGGAACTTTAGT
CATCGACGGCGTCACACCTAACATGATTGACTATTTTGGCCGTCCGT
ATGAGGGCATCGCAGTGTTTGACGGAAAAAAAATCACCGTGACAGG
GACACTGTGGAACGGCAATAAGATTATCGACGAGCGCCTTATTAAC
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CCAGATGGGTCGCTTTTATTCCGTGTCACTATTAATGGTGTCACTGG
CTGGCGTTTGTGCGAACGCATCCTGGCATAA

v3_A Tl

13

GAATTAATACGACTCACTATAGGTGAGTATATAGGTAGAAGAGGTA
TTGGAGGTATTGATGGTGTTCACATTGGAGGACTTTGTAGGGGACTG
GCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAGGGA
GGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCCGAT
CCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGACATC
CATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGGCCA
AATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATCATT
TTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCestggcege
AATTATCTATGCATTACT

v3 B Tl

14

AACCCTTCCGCCACTAAAgecgeteggGTCACACCTAACATGATTGACTA
TTTTGGCCGTCCGTATGAGGGCATCGCAGTGTTTGACGGAAAAAAA
ATCACCGTGACAGGGACACTGTGGAACGGCAATAAGATTATCGACG
AGCGCCTTATTAACCCAGATGGGTCGCTTTTATTCCGTGTCACTATT
AATGGTGTCACTGGCTGGCGTTTGTGCGAACGCATCCTGGCATAA

V3 A T2

15

GAATTAATACGACTCACTATAGGTGAGTATATAGGTAGAAGAGGTA
TTGGAGGTATTGATGGTGTTCACATTGGAGGACTTTGTAGGGGACTG
GCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAGGGA
GGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCCGAT
CCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGACATC
CATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGGCCA
AATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATCATT
TTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGCGGTGGC
GGGTCCATTCCTGGCTTTAAT

v3 B T2

16

TTTACTGGTACAGTTTCAGGCGGTGGGGTCACACCTAACATGATTGA
CTATTTTGGCCGTCCGTATGAGGGCATCGCAGTGTTTGACGGAAAAA
AAATCACCGTGACAGGGACACTGTGGAACGGCAATAAGATTATCGA
CGAGCGCCTTATTAACCCAGATGGGTCGCTTTTATTCCGTGTCACTA

TTAATGGTGTCACTGGCTGGCGTTTGTGCGAACGCATCCTGGCATAA

v3_A T3

17

GAATTAATACGACTCACTATAGGTGAGTATATAGGTAGAAGAGGTA
TTGGAGGTATTGATGGTGTTCACATTGGAGGACTTTGTAGGGGACTG
GCGCCAGACAGCGGGCTACAACCTTGATCAGGTTCTGGAGCAGGGA
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GGTGTAAGTTCACTTTTCCAGAATTTGGGTGTGAGTGTCACCCCGAT
CCAACGTATCGTGCTTTCCGGAGAAAATGGGCTGAAGATCGACATC
CATGTTATTATTCCTTATGAAGGGCTTAGCGGAGATCAAATGGGCCA
AATCGAAAAGATTTTCAAAGTGGTATATCCTGTTGACGACCATCATT
TTAAGGTCATTCTGCATTACGGAACTTTAGTCATCGACGGC

v3 B T3

18

GTCACACCTAACATGATTGACTATTTTGGCCGTCCGTATGAGGGCAT
CGCAGTGTTTGACGGAAAAAAAATCACCGTGACAGGGACACTGTGG
AACGGCAATAAGATTATCGACGAGCGCCTTATTAACCCAGATGGGT
CGCTTTTATTCCGTGTCACTATTAATGGTGTCACTGGCTGGCGTTTGT
GCGAACGCATCCTGGCATAA

Rev primer

19

TTATGCCAGGATGCGTTCGC

Tl

20

TTTAGTGGCGGAAGGGTTAGTAATGCATAGATAATT

T2

21

TGAAACTGTACCAGTAAAATTAAAGCCAGGAATGGA

T3

22

AATCATGTTAGGTGTGACGCCGTCGATGACTAAAGT

Example 15

[00203] Discrimination of single nucleotide variations (SNV’s).

[00204] Signal nucleotide polymorphisms or single nucleotide variations can be detected using the

methods and compositions described herein by positioning the location of the SNP or SNV at one

of the two bases at the junction of the hybridization region, on either the upstream or downstream

ssDNA sensor domain. In some embodiments of any of the aspects, one or more mismatched

bases may be additionally introduced within the hybridization region.

[00205] Four different exemplary variants were tested using v1. The target sequence and tested

variants representing SNPs or SNVs are listed in Table 2 below. Base changes reflecting SNVs

are bolded.

[00206] Table 2 — Nucleic Acid Sequences. RNA variants with single nucleotide variations

(SNVs).
RNA SEQ ID Sequence
variants NO:
Target (UA) | 23 UUUAGUGGCGGAAGGGUUAGUAAUGCAUAGAUAAUU
SNP-UG 24 UUUAGUGGCGGAAGGGUUGGUAAUGCAUAGAUAAUU
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SNP-AA 25 UUUAGUGGCGGAAGGGUAAGUAAUGCAUAGAUAAUU
SNP-GA 26 UUUAGUGGCGGAAGGGUGAGUAAUGCAUAGAUAAUU
SNP-GG 27 UUUAGUGGCGGAAGGGUGGGUAAUGCAUAGAUAAUU

[00207] Single stranded RNA sequences listed above were detected with a sensor as described in
Example 6. As shown in Fig. 13, differential response is observed based on the presence of a non-

matching nucleotide at one or both ends of the hybridization region junction.

Example 16
[00208] Performance of alternative DNA polymerases.
[00209] Multiple DNA polymerases were tested using vl, for function with the method as
described in Examples 6 and 13. Additional polymerases and polymerase formulations listed
below were also tested: IsoPol (polymerase from Psychrobacillus): 4 units per reaction; IsoPol
SD* (polymerase from Psychrobacillus with enhanced strand displacement): 4 units per reaction
(with additional examples using fewer units of enzyme shown); or Bsu (polymerase from B.
subtilis): 4 units per reaction.
[00210] Performance of these polymerases was tested in the in vifro detection system targeting the
CT target RNA sequence (+tRNA) versus a negative control without the target RNA sequence (-
RNA) (see e.g., Fig. 14A). Signal to background ratio based on these measurements (S:B ratio)
was also tested for each polymerase (see e.g., Fig. 14B).
[00211] Additionally, different amounts of units of IsoPol SD+ were tested with the detection

method (see e.g., Fig 14C). Effective detection was achieved with as few as 1.7 units of enzyme.

Example 17

[00212] Demonstration of multiple ways to separate an expression cassette within a coding
sequence to design ssDNA sensor parts.

[00213] Three exemplary locations are described herein for splitting an expression cassette and
insertion of the target hybridization sequence (see e.g., Fig. 3 Version 3). One skilled in the art
would understand that solvent exposed loops of any reporter or other protein would be suitable
locations for insertion of additional amino acids (e.g., as resulting from insertion of a hybridization
region in the DNA sequence). Herein is demonstrated the ability to split the expression cassette

at multiple solvent exposed loop sites to create a functional nucleic acid sensing system from the

89



WO 2020/037038 PCT/US2019/046497

resulting ssDNA sensor parts. The expression cassette includes a gene coding for a nanoluciferase
enzyme (NLuc). Solvent exposed loop regions (Loops 1-5) within the Nluc that were tested are
indicated in Table 3. The amino acid single letter abbreviations and number within the polypeptide
sequence at either end of the split/insertion site are given. For example, ESO-N51 indicates
insertion of the hybridization sequence in the coding sequence between codons coding for

glutamate at amino acid position 50 and asparagine at amino acid position 51.

[00214] Table 3 — Location of solvent exposed loop regions (Loops 1-5) within the Nluc

Insertion Site NLuc Location
Loopl E50-N51
Loop2 L66-S67

Loop3 G123-K124
Loop4 G135-N136
Loop5 N145-P146

[00215] As shown in Fig. 15A, activity was tested for the Nluc with the hybridization sequence
inserted at the solvent exposed loop regions indicated. Additional amino acids within the Nluc
resulting from insertion of the hybridization sequence did not substantially impact luciferase
function.

[00216] Additionally, ssDNA sensor parts were constructed based on these split locations and target
CT sequence as described, and these were tested for detection of 100 nM target CT RNA. All

expression cassette spit locations were able to effectively detect target RNA (see e.g., Fig. 15B).

Example 18

[00217] Split Nanoluciferase constructs.

[00218] To identify A & B parts that have a lower background in the assay, split sites were chosen
in the middle of the luciferase coding sequence (see e.g., Fig. 3 Version 3). By moving the split
site into the luciferase coding sequence, the background signal from spurious transcription and
translation of individual parts will yield only non-functional fragments of the luciferase protein.
[00219] Fourteen different regions of the luciferase protein were identified that could be amenable
to harbor an insertion. Fourteen different split sites within these regions (see e.g., SEQ ID NO: 28
and Table 4) were tested to identify split sites that have low background enzymatic signal if the

two pieces are expressed in an in vitro cell free expression system in the absence of successful
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ligation. These sites are located in the known loops of the nano-luciferase protein. A & B parts
were built with transcription and translation driven by a T7 promotor, an optimal RBS site and an
ATG start codon (see e.g., Fig. 16).

[00220] SEQ ID NO: 28 is the sequence of luciferase used in these studies, not including the
initiation codon.
VFTLRDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVI
IPYEGLSGDOQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAV
FDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA (SEQ ID NO:
28)

[00221] Table 4. List of split sites tested in SEQ ID NO: 28

SSri):iet Region Loscl;ltiiton SSl:tllt Region Loscl;ltiiton SSl:tllt Region Loscl;ltiiton
1 ?41169' Y17-N18 | 6 1;6622; L66-S67 | 11 \12112205' G123-K124
2 %52 G26-G27 | 7 1;782 K79-v80 | 12 | T131-K137 | G135-N136
3 (Eisl $29-830 | 8 \;zg' D86-H87 | 13 | L141-L150 | N145-P146
4 Llfé G36-G37| 9 i?gé %11%12' 14 | 1156-V159 | N157-G148
S e o B

[00222] Split sites 2, 3, 4, 5, 6,7, 10, 11, 12, 13 were the sites in NanoLuciferase with the lowest
luminescence signal (see e.g., Fig. 17) when tested as split constructs with A and B parts (seee.g.,
Fig. 16).

[00223] To identify split sites that would yield a functional full length luciferase gene after a
successful ligation step, PCR constructs were generated with a T7 promotor, RBS, start codon and

full length luciferase gene with a trigger sequence. The trigger sequence was inserted into the split
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sites with the lowest background signal when the two parts were expressed separately (see e.g.,
Fig. 17).

[00224] The sites with the lower background (2, 3, 4, 5, 6, 7, 10, 11, 12, 13) were tested with a
specific Chlamydia-RNA-sensor (trigger) sequence interested in the split sites of the luciferase
gene, such that the translated protein would contain the following sequence IYALLTLPPLNN
(SEQ ID NO: 29) flanked on each side by a short linker of 3 glycines.
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CLAIMS

A nucleic acid sensor system comprising a first and second single stranded DNA sensor
parts which, when ligated together generate a single strand of a DNA expression cassette
that comprises:

1) a promoter;

i1) a ribosome binding site (RBS); and

ii1) a coding sequence;
wherein a target nucleic acid hybridization sequence is located within the first and second

single stranded DNA sensor parts.

A nucleic acid sensor system comprising a first and second single stranded DNA sensor
parts which, when ligated together generate a single strand of a DNA expression cassette
that comprises:

1) a promoter;
i1) a ribosome binding site (RBS);
ii1) a coding sequence,

which single strand comprises:

iv) a target nucleic acid hybridization sequence comprising a 3’ and 5’
hybridization regions, wherein the 3’ hybridization region is included in the first sensor
part and the 5° hybridization region is included in the second sensor part so that, when the
sensor system is contacted with a sample that includes a target nucleic acid that
hybridizes with the target nucleic acid sequence, hybridization with the target nucleic

acid enables ligation of the first and second parts to generate the single strand.

The nucleic acid sensor system of any of claims 1-2, wherein the DNA expression

cassette is a non-template DNA expression cassette.
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10.

The nucleic acid sensor system of any of claims 1-3, wherein the first and second sensor
parts of the expression cassette are separated at any given position within the expression

cassette.

The nucleic acid sensor system of claim 4, wherein the separation occurs within the target

nucleic acid hybridization sequence.

The nucleic acid sensor system of any of claims 1-4, wherein the target nucleic acid

hybridization sequence is located at any given position within the expression cassette.

The nucleic acid sensor system of any of claims 1-6, wherein either the first or the second
sensor part comprises the coding sequence and the remaining sensor part comprises the

promoter.

The nucleic acid sensor system of any of claims 1-7, wherein either the first or the second
sensor part comprises the promoter and the ribosome binding site and the remaining

sensor part comprises the coding sequence.

The nucleic acid sensor system of any of claims 1-8, wherein either the first or the second
sensor part comprises the promoter, the ribosome binding site, and a start codon of the

coding sequence and the remaining sensor part comprises the remaining coding sequence.

The nucleic acid sensor system of claim 9, wherein the first sensor part comprises, from
5 to3’:

1) the promoter;

i1) the ribosome binding site (RBS);,

ii1) the start codon for the coding sequence; and

iv) the 3’ hybridization region in the form of a reading frame in-frame with the
start codon,;

and the second sensor part comprises from 5’ to 3”:
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11.

12.

13.

14.

1) the 5° hybridization region in the form of a reading frame in-frame with the
remaining coding sequence; and
i1) aremaining coding sequence linked downstream of and in-frame with the 5’

hybridization region.

The nucleic acid sensor system of any of claims 1-10, wherein either the first or the
second sensor part comprises the promoter and the remaining sensor part comprises the

ribosome binding site and the coding sequence.

The nucleic acid sensor system of claim 11, wherein the first sensor part comprises, from
5 to3’:

1) the promoter; and

i1) the 3 hybridization region;
and the second sensor part comprises, from 5’ to 3”:

1) the 5” hybridization region;

i1) the ribosome binding sequence; and

i) the coding sequence.

The nucleic acid sensor system of any of claims 1-12, wherein either the first or the
second sensor part comprises the promoter, the ribosome binding site, and a 5° portion of
the coding sequence and the remaining sensor part comprises the remaining coding

sequence.

The nucleic acid sensor system of claim 13, wherein the first sensor part comprises, from
5 to3’:
1) the promoter;
ii) the RBS;
ii1) a first portion of the coding sequence, comprising a start codon and at least
one additional codon,;
iv) the 3’ hybridization region in the form of a reading frame in-frame with the

start codon,;
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15.

16.

17.

18.

19.

20.

21.

and the second sensor part comprises, from 5’ to 3”:
1) the 5° hybridization region in the form of a reading frame in-frame with the first
portion of the coding sequence and in-frame with the second portion of the coding
sequence; and
i1) a second portion of the coding sequence linked downstream of and in-frame

with the 5” hybridization region.

The nucleic acid sensor system of any of claims 1-14, wherein at least a portion of the 3’
hybridization region is in the promoter, the ribosome binding site, or the coding

sequence.

The nucleic acid sensor system of any of claims 1-15, wherein at least a portion of the 5’
hybridization region is in the promoter, the ribosome binding site, or the coding

sequence.

The nucleic acid sensor system of any of claims 1-16, wherein the 3’ hybridization region

is not within the promoter, the ribosome binding site, or the coding sequence.

The nucleic acid sensor system of any of claims 1-17, wherein the 3’ hybridization region

is 37 of any promoter, ribosome binding site, or coding sequence in the first sensor part.

The nucleic acid sensor system of any of claims 1-18, wherein the 5’ hybridization region

is not within the promoter, the ribosome binding site, or the coding sequence.
The nucleic acid sensor system of any of claims 1-19, wherein the 5’ hybridization region
is 57 of any promoter, ribosome binding site, or coding sequence in the second sensor

part.

The nucleic acid sensor system of any of claims 1-20, wherein the 3’ hybridization region

and the 5 hybridization region are collectively at least 12 nucleotides in length.
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22.

23.

24.

25.

26.

27.

28.

29.

30.

The nucleic acid sensor system of any of claims 1-21, wherein the 3’ hybridization region

and the 5” hybridization region are each at least 6 nucleotides in length.

The nucleic acid sensor system of any of claims 1-22, wherein the first and second sensor

parts are on the same molecule.

The nucleic acid sensor system of any of claims 1-23, wherein the 5° end of the first
sensor part is linked to the 3’ end of the second sensor part through intervening ssDNA

sequences so that the first and second sensor part form a single molecule.

The nucleic acid sensor system of any of claims 1-24, wherein the system further
comprises a primer complementary to a sequence within the non-template expression

cassette or intervening sSDNA sequences.

The nucleic acid sensor system of any of claims 1-22, wherein the first and second sensor

parts are on at least two separate molecules.

The nucleic acid sensor system of any of claims 1-22 or 26, wherein the 5’ end of the first

sensor part further comprises a sequence that forms a terminal hairpin loop.

The nucleic acid sensor system of any of claims 1-22 or 26-27, wherein the system

further comprises a primer complementary to a 3’ region of the second sensor part.

The nucleic acid sensor system of any of claims 23-25, wherein the system further
comprises a primer complementary to a sequence which is 3° of any promoter, ribosome

binding site, or coding sequence in the second sensor part.
The nucleic acid sensor system of any of claims 23-25, wherein the system further

comprises a primer complementary to a region 5’ of any promoter, ribosome binding site,

or coding sequence in the second sensor part.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

The nucleic acid sensor system of any of claims 1-22 and 26-30, wherein the second
sensor part further comprises a nucleotide sequence at its 3’ end comprising the primer in

a terminal hairpin loop.

The nucleic acid sensor system of any of claims 1-31 wherein the coding sequence of the

DNA expression cassette encodes a polypeptide.

The nucleic acid sensor system of claim 32, wherein the polypeptide is a reporter protein.

The nucleic acid sensor system of any of claims 13-14, wherein the 3’ hybridization
region and the 5° hybridization region are located in the coding sequence, within a region

encoding for a solvent exposed loop of the reporter protein.

The nucleic acid sensor system of any of claims 13-14 or 34, wherein the 3’ hybridization
region and the 5 hybridization region are located in the coding sequence of the reporter

protein and do not substantially impact reporter gene function.

The nucleic acid sensor system of claim 33, wherein the reporter protein comprises a
luciferase, nanoluciferase, beta-lactamase, beta-galactosidase, horseradish peroxidase,
alkaline phosphatase, catalase, carbonic anhydrase, green fluorescent protein, red
fluorescent protein, cyan fluorescent protein, yellow fluorescent protein, trypsin, a
protease, a peptide that complements and activates a truncated reporter protein, and a

polypeptide that is detectable by an assay.

The nucleic acid system of any of claims 1-36, further comprising a cell free expression

system.

The nucleic acid system of any of claims 1-37, further comprising a ligase.

The nucleic acid system of any of claims 1-38, further comprising a reverse transcriptase.
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40.

41.

42.

43.

44.

45.

46.

The nucleic acid system of any of claims 1-39, further comprising a ribonuclease that

hydrolyzes RNA which is hybridized to DNA.

The nucleic acid system of claim 40, wherein the ribonuclease is RNAse H.

The nucleic acid sensor system of any of claims 1-41, further comprising one or more of
a ligase, a strand-displacing DNA polymerase, dINTPs, RNAse inhibitor, and a cell free

expression system.

The nucleic acid sensor system of any of claims 37-42, wherein the cell free expression

system is whole cell extract.

The nucleic acid sensor system of any of claims 1-43, further comprising a DNA

polymerase.

The nucleic acid sensor system of claim 44, wherein the DNA polymerase is selected
from the group consisting of a Klenow fragment with exonuclease portion, a Klenow
fragment without the exonuclease portion, a phi29 polymerase, a modified T7 DNA
polymerase, a polymerase from Psychrobacillus, a polymerase from Psychrobacillus
with enhanced strand displacement, a polymerase from B. subtilis, Sequenase Version
2.0, a Bsu DNA Polymerase Large Fragment, a Bst 3.0 DNA Polymerase, a Phusion®
High-Fidelity DNA Polymerase, a Vent® DNA Polymerase without the exonuclease
portion, a Vent® DNA Polymerase, a Q5® High-Fidelity DNA Polymerase, and a DNA

Polymerase I Large (Klenow) Fragment.
The nucleic acid sensor system of any of claims 1-45, wherein a polymorphism of the

target nucleic acid hybridizes to a sequence at the 3” end of the first sensor part

hybridization region, and 5’ of the second sensor part hybridization region.
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47.

48.

49.

50.

51

The nucleic acid sensor system of any of claims 1-46, wherein the 3’ hybridization region
of the first sensor part or 5’ hybridization region of the second sensor part is configured

to hybridize to a polymorphism of the target nucleic acid.

The nucleic acid sensor system of any of claims 1-47, wherein the free end of the 3’
hybridization region of the first sensor part or the free end of 5° hybridization region of
the second sensor part is configured to hybridize to a polymorphism of the target nucleic

acid.

The nucleic acid sensor system of any of claims 1-48, wherein the hybridization sequence
of the polymorphism comprises one or both of the most 3’ base of the first sensor part

hybridization region and the 5’ base of the second sensor part hybridization region.

The nucleic acid sensor system of any of claims 1-49, wherein the target nucleic acid

hybridization region comprises one or more polymorphisms.

. A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid,;

b) contacting sample comprising the target nucleic acid with the nucleic acid sensor
system of any of claims 1-50 in the presence of a ligase under conditions favorable to the
hybridization of the target nucleic acid to the 3” hybridization region of the first sensor
part and to the 5° hybridization region of the second sensor part of the expression
cassette, to thereby generate a reaction product comprising the target nucleic acid
hybridized to the first sensor part and the second sensor part operably-linked to each

other;

¢) contacting the reaction product produced in step b) with a cell-free expression system
in the presence of a strand displacing DNA Polymerase and a primer, under conditions

favorable to the production of a reporter protein;

d) contacting reaction product produced in step c¢) with a reagent enabling the detection of

the expression of the reporter protein,
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52.

53

54.

55

e) measuring the expression of the reporter protein produced in step d) to determine the

presence and/or amount of the target nucleic acid in the sample.

The method of claim 51, wherein the ligase is provided as a part of the cell free system.

. A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid,;

b) contacting sample comprising the target nucleic acid with the nucleic acid sensor
system of any of claims 1-50 in the presence of a ligase and optionally a primer under
conditions favorable to the hybridization of the target nucleic acid sequence to the 3’
hybridization region of the first sensor part and to the 5° hybridization region of the
second sensor part of the expression cassette, to thereby generate a reaction product
comprising the target nucleic acid hybridized to the first sensor part and the second

sensor part operably-linked to each other;

¢) contacting the reaction product produced in step b) with a cell-free expression system
in the presence of a strand displacing DNA Polymerase, under conditions favorable to the

production of a reporter protein;

d) contacting reaction product produced in step c¢) with a reagent enabling the detection of

the expression of the reporter protein,

e) measuring the expression of the reporter protein produced in step d) to determine the

presence and/or amount of the target nucleic acid in the sample.

The method of claim 53, wherein the ligase is provided as a part of the cell free system.

. A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid,;

b) contacting sample comprising the target nucleic acid with 1) the nucleic acid sensor

system of any of claims 1-50 in the presence of a ligase, and ii) a cell-free expression
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56.

57.

58.

59.

system in the presence of a strand displacing DNA Polymerase and a primer, under
conditions favorable to the hybridization of the target nucleic acid to the 3’ hybridization
region of the first sensor part and to the 5° hybridization region of the second sensor part

of the expression cassette, and to the production of a reporter protein,

¢) contacting reaction product produced in step b) with a reagent enabling the detection of

the expression of the reporter protein,

d) measuring the expression of the reporter protein produced in step d) to determine the

presence and/or amount of the target nucleic acid in the sample.

The method of claim 55, wherein the ligase is provided as a part of the cell free system.

A method for detecting a target nucleic acid in a sample, comprising:

a) providing a sample comprising the target nucleic acid sequence;

b) contacting sample comprising the target nucleic acid sequence with 1) the nucleic acid
sensor system of any of claims 1-50 in the presence of a ligase, i1) a cell-free expression
system in the presence of a strand displacing DNA Polymerase and a primer, and iii) a
reagent enabling the detection of the expression of the reporter protein, under conditions
favorable to the hybridization of the target nucleic acid to the 3” hybridization region of
the first sensor part and to the 5* hybridization region of the second sensor part of the

expression cassette, and to the production of a reporter protein;

¢) measuring the expression of the reporter protein produced in step b) to determine the

presence and/or amount of the target nucleic acid in the sample.

The method of claim 57, wherein the ligase is provided as a part of the cell free system.

A kit comprising:
a) a composition comprising a nucleic acid sensor system of any of claims 1-50 in a

packaging material;
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b) a sample collection device;
¢) a positive control; and

d) instructions for use.
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4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:' The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - wo-search-report
	Page 123 - wo-search-report

