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INDUCIBLE PROMOTERS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of, and priority to, U.S. Provisional Patent Application
No. 63/332,507 filed April 19, 2022, and U.S. Utility Patent Application No. 18/136,660 filed
April 19, 2023, the entirety of each of which is incorporated herein by reference.

BACKGROUND
[0002] Inducible promoters are ubiquitous biotechnology tools for manufacturing proteins,
providing molecular models of biosynthesis pathways, and as synthetic switches for a variety of
environmental, physiological, and cellular tools. Inducible promoters have a consistent
architecture including two key elements: the operator region recognized by transcriptional
regulatory proteins and consensus sequences that recruit the sigma (o) subunits of RNA
polymerase (o initiate transcription of the inducible gene. Despite their widespread use, leaky
transcription in the “OFF” state remains a challenge for inducible promoters. Therefore, improved
inducible promoters, cellular systems, and methods of generating proteins are needed to enable

advances in protein production and various biotechnology applications.

BRIEF SUMMARY
[0003] Provided herein are nucleic acid constructs, wherein the nucleic acid constructs comprise:
a modified inducible promoter, wherein the modified inducible promoter comprises: (a) a
TXTXXTGT (SEQ ID NO: 45) sequence at position -10, relative to a transcriptional start site of
the promoter; (b) a TXGXCX (SEQ ID NO: 46) sequence at position -35, relative to a
transcriptional start site of the promoter; and (c) a nucleic acid sequence that encodes a bacterial
ribosome binding sequence, wherein X is any nucleobase. Further provided herein are nucleic acid
constructs, wherein the nucleic acid constructs comprise: a modified inducible promoter, wherein
the modified inducible promoter comprises: (a) a TATAAT (SEQ ID NO: 1) sequence at position
-10, relative to a transcriptional start site of the promoter; (b) a TTGACA (SEQ ID NO: 2)
sequence at position -35, relative to a transcriptional start site of the promoter; and (c) a nucleic
acid sequence that encodes a bacterial ribosome binding sequence. In some embodiments, the
nucleic acid construct further comprises a transgene. In some embodiments, the modified inducible

promoter, when operatively linked to a transgene, facilitates expression of the transgene when the
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nucleic acid construct is inserted into a prokaryotic cell in the presence of an inducer; and wherein:
(1) the expression of the transgene in the absence of the inducer is less than an amount of expression
in the absence of the inducer of the transgene operatively coupled to a weak promoter in a
comparable nucleic acid construct; and (ii) the expression of the transgene in the presence of the
inducer is at least equal to an amount of expression in the presence of the inducer of the transgene
operatively coupled to the strong promoter in the comparable nucleic acid construct. Further
provided herein are nucleic acid constructs, wherein the nucleic acid constructs comprise: a
modified inducible promoter, wherein the modified inducible promoter comprises: (a) a
TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a transcriptional start site of
the promoter; (b) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a transcriptional
start site of the promoter; and (c) a nucleic acid sequence that encodes a bacterial ribosome binding
sequence. In some embodiments, the nucleic acid construct further comprises a transgene. In some
embodiments, the modified inducible promoter, when operatively linked to a transgene, facilitates
expression of the transgene when the nucleic acid construct is inserted into a prokaryotic cell in
the presence of an inducer; and wherein: (1) the expression of the transgene in the absence of the
inducer is less than an amount of expression in the absence of the inducer of the transgene
operatively coupled to a weak promoter in a comparable nucleic acid construct; and (ii) the
expression of the transgene in the presence of the inducer is at least equal to an amount of
expression in the presence of the inducer of the transgene operatively coupled to the strong
promoter in the comparable nucleic acid construct. In some embodiments, a strong promoter
increases the amount of expression of a transgene provided herein relative to a comparable
inducible promoter that does not comprise SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 44, SEQ
ID NO: 45, or SEQ ID NO: 46. In some embodiments, the strong promoter increases the amount
of expression of a transgene provided herein by at least 10% relative to the expression of a
transgene expressed by a comparable inducible promoter that does not comprise SEQ ID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 44, SEQ ID NO: 45, or SEQ ID NO: 46.

[0004] Provided herein are methods of expressing a transgene in a cell, the methods comprising:
(a) transforming a nucleic acid construct into the cell, wherein the nucleic acid construct comprises
a modified inducible promoter, wherein the modified inducible promoter comprises: (1) a
TATAAT (SEQ ID NO: 1) sequence or a TATAATGT (SEQ ID NO: 44) sequence at position -
10, relative to atranscriptional start site of the promoter; (i1) a TTGACA (SEQ ID NO: 2) sequence
at position -35, relative to a transcriptional start site of the promoter; (iii) a nucleic acid sequence

encoding a bacterial ribosome binding sequence; and (iv) a transgene; and (b) contacting the cell
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with an inducer, thereby expressing the transgene. In some embodiments, when cloned into a
comparable nucleic acid construct that comprises a strong promoter, the transgene inhibits growth
of the cell prior to the contacting step (b) with the inducer, thereby preventing expression of the
transgene via the comparable nucleic acid. In some embodiments, the cell is a prokaryotic cell. In
some embodiments, the cell is a eukaryotic cell.

[0005] Provided herein are nucleic acid constructs, wherein the nucleic acid constructs comprise:
(a) a first modified inducible promoter sequence, wherein the first modified inducible promoter
comprises: (i) a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a
transcriptional start site of the first modified inducible promoter sequence; (ii)) a TTGACA (SEQ
ID NO: 2) sequence at position -35, relative to a transcriptional start site of the first modified
inducible promoter sequence; and (iii) a nucleic acid sequence that encodes a first bacterial
ribosome binding sequence; and (b) a second modified inducible promoter sequence, wherein the
second modified inducible promoter sequence comprises: (i) a TATAATGT (SEQ ID NO: 44)
sequence at position -10, relative to a transcriptional start site of the second modified inducible
promoter sequence; (i1)) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a
transcriptional start site of the second modified inducible promoter sequence; and (iii) a nucleic
acid sequence that encodes a second bacterial ribosome binding sequence. In some embodiments,
the nucleic acid constructs further comprise a transgene. In some embodiments, wherein the first
modified inducible promoter sequence, when operatively linked to a transgene, facilitates
expression of the transgene when the nucleic acid construct is in the presence of an inducer.
[0006] A composition comprising two or more of a nucleic acid construct provided herein.
[0007] Provided herein are isolated prokaryotic cells, wherein the isolated prokaryotic cells
comprise a nucleic acid construct provided herein. Provided herein are isolated eukaryotic cells,
wherein the isolated eukarvotic cells comprise a nucleic acid construct provided herein. Provided
herein are cell-free systems, wherein the cell-free systems comprise a nucleic acid construct
provided herein.

[0008] Provided herein are non-naturally occurring organisms, wherein the non-naturally
occurring organisms comprise: a nucleic acid construct comprising: (a) a first inducible promotor
sequence comprising:(i) a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a
transcriptional start site of the promoter; (i) a TTGACA (SEQ ID NO: 2) sequence at position -
35, relative to a transcriptional start site of the promoter; and (iii) a nucleic acid sequence that
encodes a bacterial ribosome binding sequence; (b) one or more of a biosynthesis pathway

transgene; and (c) a second modified inducible promotor sequence comprising: (1) a TATAATGT
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(SEQ ID NO: 44) sequence at position -10, relative to a transcriptional start site of the second
modified inducible promotor sequence; (i) a TTGACA (SEQ 1D NO: 2) sequence at position -35,
relative to a transcriptional start site of the second modified inducible promotor sequence; and (iii)
anucleic acid sequence that encodes a bacterial ribosome binding sequence. In some embodiments,
the non-naturally occurring organisms comprise prokaryotic organisms. In some embodiments, the
prokaryotic organisms comprise a population of bacteria. In some embodiments, the biosynthesis
pathway transgene comprises a carotenoid synthesis gene.

[0009] Provided herein are compositions comprising a non-naturally occurring organism provided
herein and an inducer.

[0010] Further provided herein are methods of expressing a transgene in a cell that does not
comprise a T7 RNA polymerase, wherein the methods comprise: (a) transforming a nucleic acid
construct into the cell, wherein the nucleic acid construct comprises a modified inducible promoter,
wherein the modified inducible promoter comprises: (i) a TATAAT (SEQ ID NO: 1) sequence or
a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a transcriptional start site of
the promoter; (i1) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a transcriptional
start site of the promoter; and (iii) a bacterial ribosome binding sequence; and a transgene: and (b)
contacting the cell with an inducer, thereby expressing a protein encoded by the transgene. In some
embodiments, the expression of the protein in the absence of the inducer is less than an amount of
expression of the protein in the absence of the inducer of the transgene operatively coupled to a
T7 promoter in a comparable nucleic acid construct. In some embodiments, the expression of the
protein encoded by the transgene in the presence of the inducer is greater than an amount of
expression of the protein in the presence of the inducer of the transgene operatively coupled to the
T7 promoter in the comparable nucleic acid construct. In some embodiments, the transgene is toxic
to a prokaryotic cell that does not express a modified inducible promoter. In some embodiments,
the cell is a prokaryotic cell. In some embodiments, the cell is a eukaryotic cell.

[0011] Further provided herein are methods of expressing a transgene in a cell-free system,
wherein the methods comprise: (a) transforming a nucleic acid construct into the cell-free system,
wherein the nucleic acid construct comprises a modified inducible promoter, wherein the modified
inducible promoter comprises: (i) a TATAAT (SEQ ID NO: 1) sequence or a TATAATGT (SEQ
ID NO: 44) sequence at position -10, relative to a transcriptional start site of the promoter; (i) a
TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a transcriptional start site of the
promoter; and (iii) a bacterial ribosome binding sequence; and a transgene: and (b) contacting the

cell-free system with an inducer, thereby expressing a protein encoded by the transgene. In some
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embodiments, the cell-free system further comprises: an RNA polymerase, ribonucleotides, and/or
a buffer.

[0012] Provided herein are methods for producing a protein, the methods comprising: culturing
the non-naturally occurring organism provided herein; and contacting the non-naturally occurring
organism with an inducer, thereby producing the protein. Further provided herein are methods for
producing a carotenoid, the methods comprising: culturing the non-naturally occurring organism
provided herein; and contacting the non-naturally occurring organism with an inducer, thereby
producing the protein. Provided herein are methods for producing an organic compound, the
methods comprising: culturing the non-naturally occurring organism provided herein; and
contacting the non-naturally occurring organism with an inducer, thereby producing the organic
compound. Further provided herein are methods for producing a carotenoid, the methods
comprising: culturing the non-naturally occurring organism provided herein; and contacting the
non-naturally occurring organism with an inducer, thereby producing the carotenoid. In some
embodiments, the organic compound or the protein comprises a polyketide, a terpene, a non-
ribosomal peptide, or an enzyme protein. Provided herein are methods for producing benzoic acid,
the methods comprising: culturing the non-naturally occurring organism provided herein; and
contacting the non-naturally occurring organism with an inducer, thereby producing the benzoic
acid. Further provided herein is a composition comprising benzoic acid made by a method
provided herein. Further provided herein is a composition comprising a carotenoid made by a
method provided herein.

[0013] Provided herein are kits, wherein the kits comprise a nucleic acid construct provided herein,
a cell provided herein, a cell-free system provided herein, or a non-naturally occurring organism

provided herein, packaging and materials, therefore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Novel features of exemplary embodiments are set forth with particularity in the appended
claims. A better understanding of the features and advantages will be obtained by reference to the
following detailed description that sets forth illustrative embodiments, in which the principles of
the disclosed systems and methods are utilized, and the accompanying drawings of which:

[0015] FIGS. 1A-1B show schematic diagrams of exemplary plasmids produced in
accordance with the teachings of the present disclosure. FIG. 1A shows a schematic of a
constitutive version of the synthetic /ac and fer expression systems. FIG. 1B shows a schematic

of inducible versions of the svnthetic lac and fet expression systems in pColE1 backbone. Plasmids
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contain the Kanamycin selection marker and the attP sites specific fox Bxb1 integrase. # indicates
the version of the promoter (e.g. V1Tc, V2lac, etc).

[0016] FIGS. 2A-2C show the architecture of exemplary synthetic lac and tet promoters. The
sequences of the operators lacO and tetO are overlined, in bold text. The -35 and -10 sequences of
the promoters are underlined. Boxes represent the native -35 and -10 sequences, and consensus
670 -35 and -10 sequences. Conserved regions of the original lac promoter and the original tacl
promoter are shown. FIG. 2A shows the original lac (i) and synthetic lac (ii-vii) promoters. SEQ
ID NOS: 3-9 are shown. FIG. 2B shows the original tet (i) and synthetic tet (ii-v) promoters. SEQ
ID NOS: 10-14 are shown. FIG. 2C shows schematic representation of the function of synthetic
lac and tet promoters. Each transcriptional unit is insulated by terminators. Lacl/TetR regulators
bind to the operators lacO/tetO. Addition of the inducers (vellow ovals) IPTG or
anhydrotetracycline (aTc) remove the repressor allowing transcription from the promoters.

[0017] FIGS. 3A-3D show a graphical comparison of sfGFP and mCardinal emissions in
Gram-negative bacteria. FIG. 3A shows absolute values of fluorescence measured in arbitrary
units with far red wavelengths (excitation 604, emission 659, left panel), and green wavelengths
(excitation 485, emission 510) E. coli DH10B, P. putida and V. natriegens. Note that these strains
are wild type and do not contain any fluorescent protein genes. N=3. Error bars +/- SD. FIGS.
3B-3D show graphs of the fluorescence signal-to-background ratio of recombinant strains
expressing sfGFP and mCardinal from the constitutive tacl promoter (these represent "signal") vs.
wild type strains of (FIG. 3B) £. coli (FIG. 3C) P. putida & (F1G. 3D) V. natriegens (these wild
type strains represent “background”). Signal-to-background measurement ratios are then plotted
over time (left panels) The fluorescence values (in arbitrary units, AU) measured to create the
signal-to-background ratios are shown in the middle (sfGFP) and right (mCardinal) panels. N=3.
Error bars +/- SD.

[0018] FIGS. 4A-4C show graphs of the time course of mCardinal production in E. coli
DH10B with synthetic lac and tet promoters. FIG. 4A shows the synthetic lac promoters, and
FIG. 4B shows the synthetic tet promoters, with and without the transcriptional regulators tetR
and lacl and induced after 3 hours with aTc or IPTG, respectively. FIG. 4C shows direct
comparison of each promoter under evaluation against the strong constitutive promoter tacl. The
recombinant DH10B carrying tacl-mCardinal was normalized to 100% mCardinal production and
the wild type DH10B strain normalized to 0% mCardinal production. For all samples, the
fluorescence mean of mCardinal signal (excitation 605, emission 659) was normalized by the cell
density (OD600). N=4. Error bars +/- SD.
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[0019] FIGS. SA-5B show an SDS-Page gel and graph of the expression profile of CocE in E.
coli. F1G. 5A shows gel electrophoresis of total crude extracts (top), the insoluble fraction analysis
(middle panel), and the soluble fraction (bottom). The expected size of CocE is 63 kDa. E. coli
expressing the pET and V2TcR expression systems, uninduced and induced (induced samples
indicated with an asterisk). FIG. 5B shows a graph of benzoic acid production by CocE present in
the soluble fraction, using cocaine as substrate. N=3. Error bars +/- SD. Key for X axis Groups: I:
DHI10B po’® V2TcR-CocE; II: DH10B po’® V2TcR-CocE aTc; I1I: DH10B pc’® V2TcR19-CocE:
IV: DH10B po’® V2TcR19-CocE aTc; V: BL21 pET21-cocE; VI: BL21 pET21-cocE IPTG.
[0020] FIGS. 6A-6C show graphs of the time course of mCardinal production in P. putida.
Synthetic lac (FIG. 6A) and tet (FIG. 6B) promoters in their constitutive, repressed and induced
states. All constructs were integrated in a single copy into the same genomic locus. FIG. 6C shows
direct comparison of each promoter under evaluation against the constitutive promoter tacl in P.
putida. P. putida with a single-copy integration of tacl-mCardinal was normalized to 100%
mCardinal production and the wild type P. putida strain normalized to 0% mCardinal production.
For all samples, the fluorescence mean of mCardinal signal (excitation 605, emission 659) was
normalized by the cell density (OD600). N=4. Error bars +/- SD.

[0021] FIGS. 7A-7C show graphs of the time courses of mCardinal production in V.
natriegens. Synthetic lac (FIG. 7A) and tet (FIG. 7B) promoters in their constitutive, repressed
and induced states are represented. FIG. 7C shows direct comparison of each promoter under
evaluation against the constitutive promoter tacl in V. natriegens. V. natriegens carrying tacl-
mCardinal was normalized to 100% mCardinal production and the wild type V. natriegens strain
normalized to 0% mCardinal production. For all samples, the fluorescence mean of mCardinal
signal (excitation 605, emission 659) was normalized by the cell density (OD600). N=4. Error bars
+/- SD.

[0022] FIG. 8 shows a graphical comparison of the pET21a expression system in E. coli BL21
versus the synthetic V2Lac/lacl and V2Tc/tetR promoters in E. coli DH10B. Cultures were
induced after 3 hours of cultivation and mCardinal mean was normalized by the cell density
(ODsoo). N=4. Error bars +/- SD.

[0023] FIGS. 9A-9F shows a schematic representation of an exemplary dual expression system.
FIG. 9A shows the design of the V2TcR-V2(3)Lacl system. FIG. 9B shows a dual expression
system controlling expression of mCardinal. FIG. 9C shows a dual expression system controlling
expression of sfGFP and mCardinal. FIG. 9D shows a V2TcR expression system controlling the
LYC operon. FIG. 9E shows a V2TcR expression system controlling expression of crtEBIY. FIG.
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9F shows a dual expression system controlling expression of crtEBI and crtY. Exemplary
sequences tested include SEQ ID NOS: 69-73 and 76-79.

[0024] FIGS. 10A-10C show graphs of the time course of mCardinal production in £. coli (FIG.
10A), P, putida (FIG, 10B) & V. natriegens (FIG. 10C). Left graphs show the recombinant strains
containing the V2TcR-mCardinal (SEQ ID NO: 56) and V2(3)Lacl-mCardinal expression systems
and the right graphs show the recombinant strains containing the dual V2TcR-
mCardinal/V2(3)Lacl-mCardinal expression system. For all samples, the fluorescence mean of
mCardinal signal (excitation 605, emission 659) was normalized by the cell density (OD600). N=3.
Error bars +/- SD.

[0025] FIGS. 11A-11C shows graphs of the time course of the reporter systems mCardinal and
sfGFP in £. coli (FIG. 11A), P. putida (F1G. 11B), and V. natriegens (FI1G. 11C) containing the
dual expression system V2TcR-sfGFP/V2(3)Lacl-mCardinal. Left graphs measure mCardinal
production and right graphs measure sfGFP. For all samples, the fluorescence mean of mCardinal
signal (excitation 605, emission 659) and sfGFP signal (excitation 485, emission 510) was
normalized by the cell density (OD600). N=3. Error bars +/- SD.

[0026] FIGS. 12A-12B shows graphs of the production of lvcopene and p-carotene with the
V2TcR expression system in E. coli, P. putida, and V. natriegens. Cultures were induced with aTc
at OD600. 0.7 and cultured for 4 hours. FIG. 12A shows Lycopene levels that were extracted and
measured by UHPLC. FIG. 12B shows B-carotene levels that were extracted and measured by
UHPLC. N=3. Error bars +/- SD.

[0027] FIGS. 13A-13B shows graphs of the production of lycopene and beta (B)-carotene by the
dual expression system in E. coli, P. putida, and V. natriegens. Cultures were induced with aTc,
IPTG or both inducers at OD600. 0.7 and cultured for 4 hours. FIG. 13A shows lycopene levels
that were extracted and measured by UHPLC. F1G. 13B shows B-carotene levels that were
extracted and measured by UHPLC. N=3. Error bars +/- SD.

[0028] FIG. 14 shows a schematic of an exemplary dual expression system. An exemplary

sequences include SEQ ID NO: 54 and SEQ ID NO: 55.

DETAILED DESCRIPTION
Overview
[0029] Disclosed herein are nucleic acid constructs that comprise a modified inducible promoter.
Such constructs can be utilized to express a transgene operatively coupled to the promoter upon

transformation into a cell or a cell-free system. As described herein, the modified inducible
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promoter does not substantially express the transgene in the absence of an inducer and in the
presence of a specific transcriptional regulator. In some cases, a transgene is toxic to the cell when
expressed utilizing the modified inducible promoter described herein. In some cases, a transgene
is not toxic to the cell when expressed utilizing the modified inducible promoter described herein.
Expression of toxic genes is one of many advantages to the modified inducible promoter systems
provided herein. In addition, non-toxic gene product vields (e.g., proteins or organic compounds)
are also higher as compared to inducible promoters that are not modified.

[0030] In contrast, many inducible promoters produce significant expression of the transgene even
in the absence of an inducer. Such promoters, known as “leaky” promoters, cannot be used to
express transgenes that are toxic to a cell, as the leaky expression of the transgene inhibits growth
of the cell culture and thus prevents overexpression or avoids formation of inclusion bodies.
[0031] Further, nucleic acid constructs provided herein comprising a modified inducible promoter
that generates the expression of a protein encoded by a transgene in the presence of an inducer that
is comparable or to a greater extent than the expression of a protein encoded by the transgene when
expressed using a different promoter (e.g., a T7 promoter such as a pET vector). In some
embodiments, expression of the transgene can be carried out in various prokaryotic cells,

eukaryotic cells, or cell-free systems without the need for T7 lysogenization.

Definitions

[0032] The terminclogy used herein is for the purpose of describing particular casas only and i
not intended to be Hmiting. Ag used herain, the singolar forms a7, "an™ and “the” are mtended {o
wehude the plural forms as well, unless the context olearly indicates otherwise. Furthermore, to the
extent that the terms “includmy”, “includes”, “having”, "has”, “with™, or variams thereof are usad
in etther the detailed descripiion and/or the clasms, such terms are wlended to be inchisive in 2
mmanner silar to the term “comprising”

[0033] The term “ghout” or “approximately” means within an accepiable ervor range for the
particular value as deterouned by one of ordinary skill in the art, such as plis or minus 10%. Where
ranges and/or subranges of values are provided, the ranges and/or sebranges include the endpoinis
of the ranges and/or subranges.

{6034} The term “substantiallv” as used herein rafers to a value approaching 100% of a given
value For example, an expression system described herein that doss not “substantially”™ express a

transgene in the absence of an wnducer can indicate that tess than 10% of the transgens {e.g. less
) L) " [
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than 3%, less than 1%, Jess than O 1%, or less than 0.01%) 1s expressed, relagfive 1o an amount of
transgene expressad in the presence of the inducer,

{0635] As used herein, the term “operably linked” indicates that a promoter is in a correct
functional location and/or orientation in relation to a nucleic acid sequence it regulates to control

transcriptional initiation and/or expression of that sequence.

Modified Inducible Promoters

[0036] Inducible promoters often have a consistent architecture including two elements: (1) the
operator region recognized by the transcriptional regulator proteins (e.g., lacl and tetR, and the -
10) and -35 consensus sequences that recruits the sigma (o ) subunits of RNA polymerase to
Initiate transcription. Improvements to the lac promoter can be made to increase its strength and
improve its regulation. For example, the -10 and -35 boxes of the original /ac promoter (FIG. 1 A1)
can be updated to generate improved variants such as the lacUV5 (FIG. 1Aii) and facl (FIG 1Aiii)
promoters. In the /acUV35 promoter, the -10 box of the original /ac promoter can be replaced by
the Pribnow box (e.g., TATAAT, SEQ ID NO: 1) or any one of SEQ ID NOS: 44, 47 to 51. The
lacUV'5 and trp promoters shown in the working examples can be combined to create the facl
promoter, which increased transcription 11-fold compared to its predecessor with the incorporation
of the -35 consensus box TTGACA. The fef promoter (FIG. 1Bi) shares the highly conserved -35
hexamer with tac promoter, but does not contain the Pribnow box.

[0037] Despite their ubiquitous use in biology, there remain problems with the current /ac-based
inducible expression systems. Leaky transcription in the OFF state remains a consistent challenge.
Tight transcriptional control is indispensable to produce high yields of challenging recombinant
proteins, including toxic genes and proteins that are impossible for a heterologous host to process
or fold. For the pET system, target proteins are driven indirectly by controlling expression of the
T7 polymerase under the lacUV5 promoter, and then driving the target gene transcription by the
T7 promoter. Still, low level T7 transcription in the uninduced state leads to leaky transcription of
the target gene. To combat this problem further, £. coli strains such as pLysS and pLysE with
integration of the T7 lysozyme that inhibits low level T7 activity are used to obtain tighter
transcriptional control. However, a host strain with T7 RNA polymerase under control of the
lacUV35 promoter, and integration of T7 lysozyme, is required to tightly regulate target gene
expression. Expression with the fef system has historically provided tighter transcriptional control
than /ac derived promoters, does not required specialized strains (such as the BL21), and fully

induction is achieved by anhydrotetracvcline (aTc) at concentrations that do not cause growth
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defect due the high affinity of aTc to TetR, and its imperceptible antibiotic activity. Remarkably,
at the uninduced state just one mRNA molecule per three cells 1s produced, and up to 5000-fold
induction has been reported, however, the yields of recombinant protein obtained by the tet
expression system remains low compared to the pET expression system when using F. coli as
heterologous host.

[0038] The repertoire of organisms used both in academic and industrial settings is rapidly
expanding. To address challenges related to complex protein expression in £. coli, other chassis
organisms such as Pseudomonas putida and Vibrio natriegens have been employed to produce
challenging proteins (e.g., carotenoids) in a variety of biotechnological processes. Both /ac and fet
expressions systems can be adapted to P. putida and V. natriegens, though in some instances with
lower total protein yield than achieved in pET. However, previous systems for inducible
expression were not configured for use across various cell types (e.g., prokaryotic cells).
Accordingly, disclosed herein are universal expression systems than can be directly ported
between different gram-negative species, yield high quantities of recombinant protein comparable
to expression via a pET in £. coli, and maintain tight transcriptional repression in the uninduced
state. The expression system of the current disclosure is a significant improvement over the pET
system in providing tight OFF state control while achieving similar yields of recombinant protein,
and with the advantage of direct portability to alternative host species. Further, additional
modifications can be performed to enable the expression of the transgene to be turned OFF after
induction, thus allowing for reversible control of expression.

[0039] A modified, inducible promoter of the current disclosure comprises modified architecture
of the /ac and fet expression systems to improve their strength, control, and portability. In some
embodiments, the genetic architecture of the /ac and rer expression systems were modified in three
ways: (1) addition of the consensus -10 and -35 sequence boxes to be strongly targeted by 6’°, (2)
incorporation of a nucleic acid sequence that encodes a strong ribosome binding site recognized
by a broad spectrum of gram-negative bacteria, and (3) independent control of the transcriptional
regulators by appropriately-tuned constitutive promoters.

[0040] The nucleic acid constructs provided herein can comprise DNA, RNA, an artificial nucleic
acid analog, or any combination thereof. In some embodiments, the nucleic acid constructs
provided herein comprise, a nucleic acid modification (e.g., a chemical modification), a
nucleobase substitution, or a nucleotide substitution. In some embodiments, the sequence at
position -10, relative to the transcriptional start site of the promoter comprises one or more

nucleobase substitutions. In some embodiments, the sequence at position -10, relative to the
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transcriptional start site of the promoter comprises a sequence of TXTXXT (SEQ ID NO: 47),
where X is any nucleobase. In some embodiments, the sequence at position -10, relative to the
transcriptional start site of the promoter comprises a sequence of TXTXXTGT (SEQ ID NO: 45),
where X is any nucleobase. In some embodiments, the sequence at position -10, relative to the
transcriptional start site of the promoter comprises a sequence of TATXXTGT (SEQ ID NO: 48),
where X is any nucleobase. In some embodiments, the sequence at position -10, relative to the
transcriptional start site of the promoter comprises a sequence of TATAXTGT (SEQ ID NO: 49),
where X is any nucleobase. In some embodiments, the sequence at position -10, relative to the
transcriptional start site of the promoter comprises a sequence of TATAATGT (SEQ ID NO: 50),
where X is any nucleobase. In some embodiments, the sequence at position -10, relative to the
transcriptional start site of the promoter comprises a sequence of TATAATGT (SEQ ID NO: 51),
where X is any nucleobase.

[0041] In some embodiments, the sequence at position -35, relative to the transcriptional start site
of the promoter comprises one or more nucleobase substitutions. In some embodiments, the
sequence at position -35, relative to the transcriptional start site of the promoter comprises a
sequence of TXGXCX (SEQ ID NO: 46), where X is any nucleobase. In some embodiments, the
sequence at position -35, relative to the transcriptional start site of the promoter comprises a
sequence of TTGXCX (SEQ ID NO: 52), where X is any nucleobase. In some embodiments, the
sequence at position -35, relative to the transcriptional start site of the promoter comprises a
sequence of TTGACX (SEQ ID NO: 53), where X is any nucleobase. In some embodiments, the
sequence at position -35, relative to the transcriptional start site of the promoter comprises a
sequence of TTGACA (SEQ ID NO: 2), where X is any nucleobase.

[0042] In some embodiments, a nucleic acid construct provided herein comprises a nucleotide
analogue. Nucleotide analogues include nucleotides having modifications in the chemical structure
of the base, sugar and/or phosphate, including, but not limited to, 5-position pyrimidine
modifications, 8-position purine modifications, modifications at cytosine exocyclic amines,

substitution of 5-bromo-uracil, and the like; and 2 ~ -position sugar modifications, including but
not limited to, sugar-modified ribonucleotides in which the 2 ~ -OH is replaced by a group selected

from H, OR, R, halo, SH, SR, NH2, NHR, NR2, or CN. shRNAs also can comprise non-natural

elements such as non-natural bases, e.g.. inosine and xanthine, sugars, e.g., 2 ~ -methoxy ribose,

or non-natural phosphodiester linkages, e.g., methylphosphonates, phosphorothioates and peptides.
[0043] The nucleic acid construct provided herein can comprise a sequence encoding a ribosome

binding site. Ribosome binding sites (RBSs) are nucleic acid sequences that promote efficient and
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accurate translation of mRNAs for protein synthesis, and are also provided for use in the inducible
promoters provided herein to permit modulation of the efficiency and rates of synthesis of the
proteins encoded by the system. An RBS affects the translation rate of an open reading frame in
two main ways—i) the rate at which ribosomes are recruited to the mRNA and initiate translation
is dependent on the sequence of the RBS, and ii) the RBS can also affect the stability of the mRNA,
thereby affecting the number of proteins made over the lifetime of the mRNA. Accordingly, one
or more nucleic acid sequence encoding a ribosome binding site (RBS) or an RBS mRNA can be
added to the nucleic acid constructs described herein to control expression of proteins.

[0044] In some embodiments, a nucleic acid construct provided herein further comprises a
terminator sequence. Terminators are sequences that usually occur at the end of a gene or operon
and cause transcription to stop, and are also provided for use in the modules and engineered
systems described herein to regulate transcription and prevent transcription from occurring in an
unregulated fashion, i.e., a terminator sequence prevents activation of downstream modules by
upstream promoters. A terminator or termination signal can include the DNA sequences involved
in specific termination of an RNA transcript by an RNA polymerase. Thus, in certain embodiments
a terminator that ends the production of an RNA transcript is contemplated. A terminator can be
necessary for use iz vivo to achieve desirable message levels.

[0045] The most commonly used type of terminator is a forward terminator. When placed
downstream of a nucleic acid sequence that is usually transcribed, a forward transcriptional
terminator will cause transcription to abort. In some embodiments, bidirectional transcriptional
terminators are provided. Such terminators will usually cause transcription to terminate on both
the forward and reverse strand. Finally, in some embodiments, reverse transcriptional terminators
can be used to terminate transcription on the reverse strand only.

|0046] In some embodiments, a nucleic acid construct provided herein comprises additional
regulatory elements that increase or decrease transgene expression in a cell or cell-free system
depending on the absence or presence of a particular inducer or set of inducers. In some
embodiments, the regulatory element is an enhancer. Additional non-limiting examples of
regulatory elements include: lasR activator (e.g, from P. aeruginosa), cinR activator, toxicity-
gene activator (e.g., ToxR, from Vibrio cholerae), lacl (e.g., a wild-tvpe, derivative, or variant
thereof), lacl repressor, tetracycline repressor (e.g., TetR from transposon Tn10), mnt repressor,
TP901, heat shock proteins, and any derivative or variant thereof.

[0047] Thus, in some embodiments, a nucleic acid construct provided herein can be part of a

synthetic gene network. Synthetic gene networks can include an engineered composition that
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comprises at least one nucleic acid construct provided herein and can perform a function including,
but not limited to, sensing the presence or absence of an analyte or inducer, a logic function, or a
regulatory function. In some embodiments of a synthetic gene network comprising at least two
nucleic acid constructs, the nucleic acid constructs can interact with each other directly or
indirectly. A synthetic gene network can comprise a nucleic acid encoding a transgene operably
linked to a modified inducible promoter provided herein.

[0048] The nucleic acid constructs provided herein can be used to visualize chemical, analyte, or
protein production in the presence and absence of an inducer provided herein. In some
embodiments, a nucleic acid construct provided herein further comprises a reporter gene. In some
embodiments, the reporter gene is mCardinal or a green fluorescent protein (e.g., superfolder GFP
or sfGFP). A reporter gene encoding any fluorescent protein can be applicable to the nucleic acid
constructs and methods of use provided herein. Additional examples of genes encoding fluorescent
proteins that can be used in accordance with the compositions and methods described herein
include, without limitation, enhance yellow fluorescent protein (EYFP), engineered cyan
fluorescent protein (ECFP), mOrange, mCherry, Venus YFP, Cerulean, mBanana, orange
fluorescent protein (OFP), derivatives, or variants thereof.

[0049] In some embodiments, the reporter gene encodes for a colorimetric protein enzyme.
Colorimetric enzymes can cleave a substrate (e.g., a chemical) to yield a color-changing product.

In some embodiments, the protein tag is chitinase (which cleaves colorless 4-Nitrophenyl NN ~ -

diacetyl-beta-D-chitobioside substrate to yield a yellow p-nitrophenol product). In some
embodiments, the reporter gene is LacZ (which encodes beta-galactosidase) or a fragment thereof.
When LacZ is expressed, the enzyme cleaves the yellow chlorophenol Red-B-D-galactopyranoside
(CPRG) substrate to produce the purple chlorophenol red product.

[0050] In some embodiments, the reporter gene comprises a catalytic nucleic acid. Examples of
catalytic nucleic acids include, but are not limited to, a ribozyme, an RNA-cleaving
deoxyribozyme, a group I ribozyme, RNase P, a Hepatitis delta ribozyme, and DNA-zymes.
[0051] In some embodiments, the reporter gene comprises an antigen for which a specific
antibody or antibody fragment is available. In some embodiments, a reporter gene comprises an

antibody, which when expressed, binds to a complementary antigen.

Methods of Expression
[0052] Provided herein are methods for expressing a transgene or a protein encoded by a transgene

sequence using a nucleic acid construct provided herein having a modified inducible promoter as
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described herein. In some embodiments, a transgene can be expressed in a host cell that is toxic to
the host cell or a non-naturally occurring organism (e.g., a bacterium). Such transgenes can be
difficult to express utilizing a pET or other vector containing a leaky promoter, because the leaky
expression upon transformation can inhibit growth of the host cell and thereby either prevent
expression or express the transgene as an inclusion body. Indeed, tight OFF state control can allow
the host cell to reach mid-log phase growth prior to induction, thus allowing for improved
expression of the toxic transgene in the prokaryotic cell relative to expression via a vector having
a leaky promoter.

[0053] The nucleic acid constructs provided herein can comprise a transgene encoding a protein
or a fragment thereof. In some embodiments, the transgene or a protein encoded by the transgene
1s not toxic to the host cell. A protein and/or peptide or fragment thereof can be any protein of
interest, for example, but not limited to: biological proteins; mutated proteins; therapeutic proteins;
truncated proteins, and the like. Proteins can also be selected from a group comprising: mutated
proteins, genetically engineered proteins, peptides, synthetic peptides, recombinant proteins,
chimeric proteins, antibodies, midibodies, tribodies, humanized proteins, humanized antibodies,
chimeric antibodies, modified proteins and fragments thereof A transgene provided herein can
comprise a gene that is, for example, part of a biosynthesis pathway for the production of a protein,
an organic compound, or a molecule of interest. The cells, systems, and organisms provided herein
provide for a facile method of manufacturing such proteins.

[0054] The modified inducible promoters provided herein can be introduced to any cell type or
any system that can transcribe and translate the protein encoded by the transgene downstream of
the promoter, In some embodiments, a cell provided herein is a prokaryotic cell or a cukaryotic
cell. In some embodiments, the system is a cell-free system that can be used to produce the protein
or organic compound of interest. A cell-free svstem is a composition comprising a set of reagents
capable of providing for or supporting a biosvnthetic reaction (e.g., transcription reaction,
translation reaction, or both) in vitro in the absence of cells. For example, to provide for a
transcription reaction, a cell-free system comprises promoter-containing DNA, RNA polymerase,
ribonucleotides, and a buffer system. Cell-free systems can be prepared using enzymes, coenzymes,
and other subcellular components either isolated or purified from eukaryotic or prokaryotic cells,
including recombinant cells, or prepared as extracts or fractions of such cells. A cell-free system
can be derived from a variety of sources, including, but not limited to, eukaryotic and prokaryotic
cells, such as bacteria including, but not limited to, £. coli, P. putida, V. natriegens, thermophilic

bacteria and the like, wheat germ, rabbit reticulocytes, mouse L cells, Ehrlich's ascitic cancer cells,
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HelLa cells, CHO cells, or budding yeast. In some embodiments, the cell-free system comprises an
RNA polymerase. In some embodiments, the cell-free system comprises components sufficient for
the translation reaction. In some embodiments, the cell-free system comprise ribosomes,
aminoacyl transfer RNAs, translation factors, and a buffer system. The components can also
comprise amino acids or amino acids and aminoacyl tRNA synthetases. Components of translation
factors are disclosed, for example, in Shimizu and Ueda, “Pure Technology,” Cell-Free Protein
Production: Methods and Protocols, Methods in Molecular Biology, Endo et al. (Eds), Humana
2010, the contents of which is incorporated herein by reference in its entirety. Exemplary
translation factors include, but are not limited to, factors responsible for protein biosynthesis are
initiation factors (IF1, IF2, and IF3), elongation factors (EF-G, EF-Tu, and EF-Ts), and release
factors (RF1, RF2, and RF3), as well as RRF for termination.

[0055] Prior to induction, the modified inducible promoter provided herein does not substantially
express the transgene in the absence of an inducer (e.g. isopropyl B- d-1-thiogalactopyranoside
(IPTG), anhydrotetracycline, and the like). In some embodiments, the amount of expressed
transgene produced in the absence of inducer is less than 10%, less than 9%, less than 8%, less
than 7%, less than 6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less
than 0.9%, less than 0.8%, less than 0.7%, less than 0.6%, less than 0.5%, less than 0.4%, less than
0.3%, less than 0.2%, less than 0.1%, less than 0.09%, less than 0.08%, less than 0.07%, less than
0.06%, less than 0.05%, less than 0.04%, less than 0.03%, less than 0.02%, or less than 0.01% of
an amount of expressed transgene produced in the presence of the inducer. In some embodiments,
the amount of expressed transgene produced in the absence of inducer is less than 10%, less than
9%, less than 8%, less than 7%, less than 6%, less than 5%, less than 4%, less than 3%, less than
2%, less than 1%, less than 0.9%, less than 0.8%, less than 0.7%, less than 0.6%, less than 0.5%,
less than 0.4%, less than 0.3%, less than 0.2%, less than 0.1%, less than 0.09%, less than 0.08%,
less than 0.07%, less than 0.06%, less than 0.05%, less than 0.04%, less than 0.03%, less than
0.02%, or less than 0.01% of an amount of expressed transgene produced by a comparable nucleic
acid having a weak promoter (e.g. lacl) promoter in the absence of the inducer.

[0056] Expression of the transgene is performed by contacting the host cell or cell-free system
provided herein with an inducer (e.g. isopropyl P- d-1-thiogalactopyranoside (IPTG),
anhydrotetracycline, and the like). Non-limiting examples of inducers include: a chemical, a
compound, and organic compound, a protein, an analyte, tetracycline and derivatives thereof,
metallothionine, ecdysone, cocaine, hormones, steroids, and antibiotics (e.g., rapamycin,

kanamycin). Exemplary environmental inducers include exposure to heat (i.e., thermal pulses or
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constant heat exposure), light (e.g., photoirradiation within the defined range of wavelengths),
various steroidal compounds, divalent cations (including Cu*" and Zn>"), galactose, tetracycline,
IPTG (isopropyl-B-D thiogalactoside), as well as other naturally occurring and synthetic inducing
agents and gratuitous inducers.

[0057] In some embodiments, the amount of expressed transgene produced in the presence of
inducer is at least equal to the amount of expressed transgene produced by a comparable nucleic
acid having a lacUV5 promoter and a T7 polymerase in the presence of the inducer. In some
embodiments, the amount of protein expressed in the presence of the inducer is at least 70%, at
least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least
78%, atleast 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%. at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least
100%, at least 105%, at least 110%, at least 115%, at least 120%, at least 125%, at least 130%, at
least 135%, at least 140%, at least 145%, at least 150%, at least 155%, at least 160%, at least 165%,
at least 170%, at least 175%, at least 180%, at least 185%, at least 190%, at least 195%, at least
200%, at least 300%, at least 400%, at least 500%, at least 600%, at least 700%, at least 800%, at
least 900%, or at least 1000% an amount of expressed transgene produced by a comparable nucleic
acid having a strong (e.g., T7) promoter in the presence of the inducer.

[0058] Such expression can be carried in a variety of prokaryotic host cells. Indeed, while most
expression is carried out in T7 lysogenized E. coli DE3 strains, the nucleic acid constructs of the
present disclosure having a modified inducible promoter can be utilized in prokaryotic cells in the
absence of T7 lysogenization.

[0059] The host cell for expression of a nucleic acid provided herein (e.g., a transgene) can
comprise a prokaryotic cell or a eukaryotic cell. In some embodiments, the prokaryotic cell is a
bacterial cell. In some embodiments, a prokaryotic cell can include any Gram-positive strain
bacterial cell. In some embodiments, a prokaryotic cell can include any Gram-negative strain
bacterial cell. Examples of bacterium that can be used include, but are not limited to: non-T7
lysogenized E. coli strains such as DH5a, DH10B, or W3110, P. putida, P. aeruginosa, H.
influenzae, C. trachomatis, P. mirabilis, P. vulgaris, C. pneumoniaea, K. pneumoniaea, N.
gonorrhoeae, H. pylori, A. cholera, S. aureus, S. enterica, C. jejuni, B. fragilis, L. pneumophila,
V. parahaemolyticus, and V. natriegens.

[0060] The host cell for expression can be a eukaryotic cells, e.g., a mammalian cell, an insect cell,

a yeast cell, a fungal cell, and the like. A nucleic acid construct provided herein can be regulated
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in a cell-specific or tissue-specific manner such that it is only active in transcribing the associated

coding region of a given transgene in a specific tissue type(s).

Exemplary biosynthesis pathways for producing gene products

[0061] Provided herein are methods of producing a protein, an organic compound, or a molecule
using the inducible promoters provided herein, a cell expressing an inducible promoter provided
herein, a non-naturally occurring organism provided herein, or kits provided herein. In some
embodiments, the non-naturally occurring organism provided herein comprises a nucleic acid
construct comprising one or more inducible promoters provided herein and one or more sequence
encoding a transgene. In some embodiments, the one or more transgene comprises a sequence
encoding a protein in a biosynthesis pathway. In some embodiments, the nucleic acid construct
provided herein comprise a biosynthesis pathway transgene. In some embodiments, the
biosynthesis pathway is a polyketide synthesis pathway, a terpene synthesis pathway, a non-
ribosomal peptide biosynthesis pathway, or a carotenoid biosynthesis pathway. In some
embodiments, the cell expressing an inducible promoter provided herein or the a non-naturally
occurring organism provided herein are cultured for a period of time. In some embodiments, the
period of time is for at least 4 hours, 6 hours, 10 hours, 12 hours, or more. In some embodiments,
the period of time is for at least 24 hours. In some embodiments, the period of time is for at least
96 hours.

[0062] In some embodiments, the biosynthesis pathway is a carotenoid synthesis pathway.
Industrially useful carotenoids are generally produced by chemical synthesis processes for which
possibility of undesired actions such as contamination of synthesis auxiliary materials is a major
concern for the quality of the product. In addition, tastes of consumers tend to lean toward
naturally-occurring carotenoids. However, there is a limit to extraction of carotenoids from plants
and natural products, and an effective industrial process is not entirely established. As a production
method of naturally-occurring carotlenoids, microbial fermentation methods have been used.
However, none of such cases enable production of carotenoids in an amount which is enough for
economical industrial production. In many cases, through classical mutation and breeding, wild-
type of carotenoid producing microorganisms do not generate enough carotenoid product for large-
scale manufacturing. carotenoid biosynthesis pathway is made up of various enzymes, and genes
encoding such enzymes have been analyzed by many researches. In a typical pathway, for example,
carotenoid is synthesized in its early stage by an isoprenoid biosynthesis pathway which is shared
by steroid and terpenoid, starting from mevalonic acid which is a basic metabolite. Farnesyl
pyrophosphate having 15 carbons (C15) generating through the isoprenoid basic synthesis system
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is condensed with isopentenyl diphosphate (IPP) (C5), to give geranylgeranyl diphosphate (GGPP)
(C20). Then through condensation of two molecules of GGPP, colorless phytoene which is the
first carotenoid is synthesized. The phytoene is then converted into lycopene through a series of
unsaturation reactions, and then the lycopene is converted into f-carotene through a cyclization
reaction. Then, a hydroxyl group and a keto group are introduced into the B-carotene, which leads
synthesis of various xanthophylls represented by astaxanthin.

[0063] Provided herein are methods for producing a carotenoid, the method comprises culturing
the non-naturally occurring organism provided herein or a plurality of non-naturally occurring
organisms under conditions and for a sufficient period of time and contacting the non-naturally
occurring organism with an inducer, thereby producing the carotenoid. In some embodiments, the
cells or non-naturally occurring organisms provided herein are cultured in a cell culture medium
(e.g., alysogeny broth, also called LB broth or Luria Broth). In some embodiments, the cell or
non-naturally occurring organisms are cultured in a bioreactor, a spinning flask, or a vessel suitable
for cell growth and survival.

[0064] In some embodiments, the transgene encodes a polypeptide having such an enzymatic
activity that converts a methylene group at 4 position in j-ionone ring into a keto group. In some
embodiments the transgene comprises a crtW gene. In some embodiments, the transgene encodes
a polvpeptide having such an enzymatic activity that adds one hydroxyl group to a carbon at 3-
position of 4-keto-B-ionone ring and/or at 3-position of B-ionone ring. In some embodiments, the
transgene comprises a crtZ gene sequence. In some embodiments, the transgene encodes for a
polypeptide having such an enzymatic activity that converts lvcopene into (3-carotene. In some
embodiments, the transgene comprises a crtY gene sequence. In some embodiments, the transgene
encodes for a polypeptide having such an enzymatic activity that converts phytoene into lycopene.
In some embodiments, the transgene comprises a crtl gene sequence. In some embodiments, the
transgene encodes for a polypeptide having prephytoene synthase activity. In some embodiments,
the transgene comprises a crtB gene sequence. In some embodiments, the transgene encodes for a
polypeptide having geranylgeranyl diphosphate synthase activity. In some embodiments, the
transgene comprises a crtE gene sequence. In some embodiments, the transgene encodes for a
polypeptide having a lycopene elongase/hydratase activity. In some embodiments, the transgene
comprises a crtEB gene sequence. In some embodiments, the transgene comprises a crtEBI gene
sequence. In some embodiments, the transgene comprises a crtEBIY gene sequence. In some
embodiments, the transgene comprises a crtEBIYZ gene sequence. In some embodiments, the

transgene comprises a crtEBI-YZW gene sequence. In some embodiments, the transgene
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comprises an ABA1 gene sequence. In some embodiments, the transgene comprises an ABA2
gene sequence. In some embodiments, the transgene comprises a sequence that is at least 85%
identical to any one of SEQ ID NOS: 69-73, 76-79. In some embodiments, the comprises a
sequence that is at least 90% identical to any one of SEQ ID NOS: 69-73, 76-79. In some
embodiments, the comprises a sequence that is at least 95% identical to any one of SEQ ID NOS:
69-73, 76-79. In some embodiments, the comprises a sequence that is at least 99% identical to any
one of SEQ ID NOS: 69-73, 76-79. In some embodiments, the comprises any one of SEQ ID NOS:
69-73, 76-79.

[0065] Further provided herein are methods of producing benzoic acid. In some embodiments, the
biosynthetic pathway gene is a CocE gene. In some embodiments, the transgene comprises a
sequence that is at least 85% identical to SEQ ID NO: 74. In some embodiments, the transgene
comprises a sequence that is at least 90% identical to SEQ ID NO: 74. In some embodiments, the
transgene comprises a sequence that is at least 95% identical to SEQ ID NO: 74. In some
embodiments, the transgene comprises a sequence that is at least 99% identical to SEQ ID NO: 74.

In some embodiments, the transgene comprises SEQ ID NO: 74.

Exemplary embodiments:

[0066] Provided herein are nucleic acid constructs, wherein the nucleic acid constructs comprise:
a modified inducible promoter, wherein the modified inducible promoter comprises: (a) a
TXTXXTGT (SEQ ID NO: 45) sequence at position -10, relative to a transcriptional start site of
the promoter; (b) a TXGXCX (SEQ ID NO: 46) sequence at position -35, relative to a
transcriptional start site of the promoter; and (¢) a nucleic acid sequence that encodes a bacterial
ribosome binding sequence, wherein X is any nucleobase. Further provided herein are nucleic acid
constructs, wherein the nucleic acid constructs comprise: a modified inducible promoter, wherein
the modified inducible promoter comprises: (a) a TATAAT (SEQ ID NO: 1) sequence at position
-10, relative 1o a transcriptional start site ol the promoter; (b) a TTGACA (SEQ ID NO: 2)
sequence at position -35, relative to a transcriptional start site of the promoter; and (c¢) a nucleic
acid sequence that encodes a bacterial ribosome binding sequence. Further provide herein are
nucleic acid constructs, wherein the nucleic acid constructs further comprises a transgene. Further
provided herein are nucleic acid constructs, wherein the modified inducible promoter, when
operatively linked to a transgene, facilitates expression of the transgene when the nucleic acid
construct is inserted into a prokaryotic cell in the presence of an inducer; and wherein: (i) the
expression of the transgene in the absence of the inducer is less than an amount of expression in
the absence of the inducer of the transgene operatively coupled to a weak promoter in a comparable
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nucleic acid construct; and (ii) the expression of the transgene in the presence of the inducer is at
least equal to an amount of expression in the presence of the inducer of the transgene operatively
coupled to the strong promoter in the comparable nucleic acid construct. Further provided herein
are nucleic acid constructs, wherein the nucleic acid constructs comprise: a modified inducible
promoter, wherein the modified inducible promoter comprises: (a) a TATAATGT (SEQ ID NO:
44) sequence at position -10, relative to a transcriptional start site of the promoter; (b) a TTGACA
(SEQ ID NO: 2) sequence at position -35, relative to a transcriptional start site of the promoter;
and (c) a nucleic acid sequence that encodes a bacterial ribosome binding sequence. Further
provided herein are nucleic acid constructs, wherein the nucleic acid constructs further comprise
a transgene. Further provided herein are nucleic acid constructs, wherein the transgene is selected
from the group consisting of: a crtW gene, a crtE gene, a crtY gene, a crtl gene, a crtZ gene, a
crtEB gene, a crtEBI gene, a crtEBIY gene, a crtEBIYZ gene, a crtEBI-YZW gene, an ABAL1 gene,
an ABA?2 gene, and a CocE gene. Further provided herein are nucleic acid constructs, wherein the
modified inducible promoter, when operatively linked to a transgene, facilitates expression of the
transgene when the nucleic acid construct is inserted into a cell in the presence of an inducer.
Further provided herein are nucleic acid constructs, wherein the expression of the transgene in the
absence of the inducer is less than an amount of expression in the absence of the inducer of the
transgene operatively coupled to a weak promoter in a comparable nucleic acid construct. Further
provided herein are nucleic acid constructs, wherein the expression of the transgene in the presence
of the inducer is at least equal to an amount of expression in the presence of the inducer of the
transgene operatively coupled to the strong promoter in the comparable nucleic acid construct.
Further provided herein are nucleic acid constructs, wherein a strong promoter increases the
amount of expression of a transgene provided herein relative to a comparable inducible promoter
that does not comprise SEQ 1D NO: 1, SEQ 1D NO: 2, SEQ 1D NO: 44, SEQ ID NO: 45, or SEQ
ID NO: 46. Further provided herein are nucleic acid constructs, wherein the strong promoter
increases the amount of expression of a transgene provided herein by at least 10% relative to the
expression of a transgene expressed by a comparable inducible promoter that does not comprise
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 44, SEQ ID NO: 45, or SEQ ID NO: 46. Further
provided herein are nucleic acid constructs, wherein the nucleic acid constructs further comprise
a sequence encoding a reporter gene. Further provided herein are nucleic acid constructs, wherein
the nucleic acid constructs further comprise one or more regulatory element. Further provided
herein are nucleic acid constructs, wherein the nucleic acid constructs further comprise a

terminator sequence.
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[0067] Provided herein are nucleic acid constructs comprising: a sequence that is at least 85%
1dentical to a sequence comprising any one of: SEQ 1D NOS: 1-14, 39-73. Further provided herein
are nucleic acid constructs, wherein the nucleic acid constructs comprise a sequence that is at least
90% 1dentical to a sequence comprising any one of: SEQ ID NOS: 1-14, 39-73. Further provided
herein are nucleic acid constructs, wherein the nucleic acid constructs comprise a sequence that is
at least 95% identical to a sequence comprising anv one of: SEQ ID NOS: 1-14, 39-73. Further
provided herein are nucleic acid constructs, wherein the nucleic acid constructs comprise a
sequence that is at least 99% identical to a sequence comprising any one of: SEQ ID NOS: 1-14,
39-73. Further provided herein are nucleic acid constructs, wherein the nucleic acid constructs
comprise a sequence comprising any one of: SEQ ID NOS: 1-14, 39-73.

[0068] Provided herein are nucleic acid constructs comprising: (a) a first modified inducible
promoter sequence provided herein; and (b) a second modified inducible promoter sequence,
wherein the second modified inducible promoter sequence comprises: (1) a TATAATGT (SEQ ID
NO: 44) sequence at position -10, relative to a transcriptional start site of the second modified
inducible promoter sequence; (i1) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative
to atranscriptional start site of the second modified inducible promoter sequence; and (ii1) a nucleic
acid sequence that encodes a second bacterial ribosome binding sequence. Further provided herein
are nucleic acid constructs, wherein the nucleic acid construct further comprises a transgene.
Further provided herein are nucleic acid constructs, wherein the modified inducible promoter,
when operatively linked to a transgene, facilitates expression of the transgene when the nucleic
acid construct is in the presence of an inducer. Further provided herein are nucleic acid constructs,
wherein the expression of the transgene in the absence of the inducer is less than an amount of
expression in the absence of the inducer of the transgene operatively coupled to a weak promoter
in a comparable nucleic acid construct. Further provided herein are nucleic acid constructs,
wherein the expression of the transgene in the presence of the inducer is at least equal to an amount
of expression in the presence of the inducer of the transgene operatively coupled to the strong
promoter in the comparable nucleic acid construct. Further provided herein are nucleic acid
constructs, wherein the nucleic acid constructs further comprise a terminator sequence. Further
provided herein are nucleic acid constructs, wherein the nucleic acid constructs further comprise
one or more regulatory elements. Further provided herein are nucleic acid constructs, wherein the
transgene comprises a carotenoid biosynthesis pathway gene. Further provided herein are nucleic

acid constructs, wherein the transgene is selected from the group consisting of: a crtW gene, a crtE
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gene, a crtY gene, a crtl gene, a crtZ gene, a crtEB gene, a criEBI gene, a crtEBIY gene, a
crtEBLYZ gene, a crtEBI-YZW gene, an ABAI gene, an ABA2 gene, and a CocE gene.

[0069] Provided herein are compositions, wherein the compositions comprise two or more nucleic
acid constructs provided herein.

[0070] Provided herein are cells comprising a nucleic acid construct or a composition provided
herein. Further provided herein are cells, wherein the cells are prokaryotic cells. Further provided
herein are cells, wherein the cells are bacterial cells. Further provided herein are cells, wherein the
cells are Gram-negative bacterial cells. Further provided herein are cells, wherein the cells are P.
putida bacterial cells or V. natriegens bacterial cells. Further provided herein are cells, wherein the
cells are eukaryotic cells. Further provided herein are cells, wherein the cells are mammalian cells.
[0071] Provided herein are cell-free systems comprising a nucleic acid construct provided herein,
a composition provided herein and/or an RNA polymerase. Further provided herein are cell-free
systems, wherein the cell-free systems further comprise ribosomes, aminoacyl transfer RNAs,
translation factors, and a buffer.

[0072] Provided herein are methods of expressing a protein encoded by a transgene in a cell, the
methods comprising: (a) transforming a cell with a nucleic acid construct, wherein the nucleic acid
construct comprises a modified inducible promoter that comprises: (i) a TATAATGT (SEQ ID NO:
44) sequence at position -10, relative to a transcriptional start site of the promoter; (ii)) a TTGACA
(SEQ ID NO: 2) sequence at position -35, relative to a transcriptional start site of the promoter;
(ii1) a nucleic acid that encodes a bacterial ribosome binding sequence; and a transgene; and then
(b) contacting the cell with an inducer, thereby expressing the protein encoded by the transgene.
Further provided herein are methods, wherein the transgene when cloned into a comparable nucleic
acid construct that comprises a strong promoter inhibits growth of the cell prior to the contacting
with the inducer, thereby preventing expression of the transgene via the comparable nucleic acid.
Further provided herein are methods, wherein the cell is a prokaryotic cell. Further provided herein
are methods, wherein the prokaryotic cell is a bacterium. Further provided herein are methods,
wherein the cell does not comprise a T7 promoter or a T7 polymerase. Further provided herein are
methods, wherein when in the absence of the inducer, the expression of the protein encoded by the
transgene is lower relative to the expression of the protein in a comparable cell comprising the
transgene operably linked to a T7 promoter. Further provided herein are methods, wherein when
in the presence of the inducer the expression of the protein encoded by the transgene is greater
relative to the expression of the protein in a comparable cell comprising the transgene operably

linked to a T7 promoter.
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[0073] Provided herein are non-naturally occurring organisms comprising a nucleic acid construct
comprising: (a) a first inducible promotor sequence comprising: (i) a TATAATGT (SEQ ID NO:
44) sequence at position -10, relative to a transcriptional start site of the promoter; (ii)) a TTGACA
(SEQ ID NO: 2) sequence at position -35, relative to a transcriptional start site of the promoter;
and (iii) a nucleic acid sequence that encodes a bacterial ribosome binding sequence; (b) one or
more of a biosynthesis pathway transgene; and (c) a second modified inducible promotor sequence
comprising: (i) a TATAATGT (SEQ ID NO: 44) consensus sequence at position -10, relative to a
transcriptional start site of the promoter; (i1) a TTGACA (SEQ ID NO: 2) sequence at position -
35, relative to a transcriptional start site of the promoter; and (iii) a nucleic acid sequence that
encodes a bacterial ribosome binding sequence. Further provided herein are non-naturally
occurring organisms wherein the one or more biosynthesis pathway transgene is selected from the
group consisting of: a crtW gene, a crtE gene, a crtY gene, a crtl gene, a crtZ gene, a crtEB gene,
a crtEBI gene, a crtEBIY gene, a crtEBIYZ gene, a crtEBI-YZW gene, and a CocE gene. Further
provided herein are non-naturally occurring organisms, wherein the non-naturally occurring
organism comprises a bacterium. Further provided herein are non-naturally occurring organisms
wherein the bacterium is a Gram-negative bacterium. Further provided herein are non-naturally
occurring organisms, wherein the Gram-negative bacterium is a P. putida bacterium or a V.
natriegens bacterium. Further provided herein are non-naturally occurring organisms, wherein the
bacterium is a Gram-positive bacterium. Further provided herein are non-naturally occurring
organisms, wherein the nucleic acid construct comprises a terminator sequence. Further provided
herein are non-naturally occurring organisms, wherein the nucleic acid construct comprises one or
more regulatory element. Further provided herein are non-naturally occurring organisms, wherein
the nucleic acid construct comprises a reporter gene.

|0074] Provided herein are compositions, wherein the compositions comprise: the non- naturally
occurring organism provided herein; and an inducer. Further provided herein are compositions,
wherein the inducer comprises: anhydrotetracycline (aTc), isopropyl - d-1-thiogalactopyranoside,
cocaine, metallothionine, ecdysone, an antibiotic agent, galactose, a steroid, or a divalent cation.
[0075] Provided herein are methods for producing a carotenoid, the methods comprising: culturing
the non-naturally occurring organism provided herein; and contacting the non-naturally occurring
organism with an inducer, thereby producing the carotenoid. Further provided herein are methods,
wherein the non-naturally occurring organism comprises anucleic acid comprising a gene selected
from the group consisting of: a crtW gene, a crtE gene, a crtY gene, a crtl gene, a crtZ gene, a

crtEB gene, a crtEBI gene, a crtEBIY gene, a crtEBIYZ gene, and a crtEBI-YZW gene.
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[0076] Provided herein is a carotenoid produced by the methods provided herein, wherein the
carotenoid is lycopene, beta-carotene, zeaxanthin, canthaxanthin, or astaxanthine.

[0077] Provided herein are methods for producing benzoic acid, the methods comprising:
culturing the cell provided herein; or the non-naturally occurring organism of provided herein; and
contacting the cell or the non-naturally occurring organism with an inducer, thereby producing
benzoic acid. Further provided herein are methods, wherein the cell or the non-naturally occurring
organism comprises a nucleic acid comprising a CocE gene.

[0078] Provided herein are compositions comprising benzoic acid, wherein the benzoic acid is
produced by the methods provided herein.

[0079] Provided herein are kits comprising the nucleic acid construct provided herein, packaging,
buffers, and materials therefor.

[0080] Provided herein are kits comprising the cell provided herein, packaging, culture medium,
buffers, and materials therefor.

[0081] Provided herein are kits comprising the non-naturally occurring organism provided herein,
packaging, culture medium, buffers, and materials therefor.

[0082] Provided herein are nucleic acid constructs comprising a modified inducible promoter,
wherein the modified inducible promoter comprises: a TATAAT consensus sequence at position -
10, relative to a transcriptional start site of the promoter; a TTGACA sequence at the -35 position,
relative to a transcriptional start site of the promoter; a bacterial ribosome binding sequence;
wherein the modified inducible promoter, when operatively linked to a transgene, facilitates
expression of the transgene when the nucleic acid construct is inserted into a cell in the presence
of an inducer; and wherein: the expression of the transgene in the absence of the inducer is less
than an amount of expression in the absence of the inducer of the transgene operatively coupled to
a weak promoter in a comparable nucleic acid construct; and the expression of the transgene in the
presence of the inducer is at least equal to an amount of expression in the presence of the inducer
of the transgene operatively coupled to the strong promoter in the comparable nucleic acid
construct.

[0083] Provided herein are isolated prokaryotic cells comprising a nucleic acid construct provided
herein.

[0084] Provided herein are methods of expressing a transgene toxic to a prokaryotic cell, the
methods comprising: transforming a nucleic acid construct into the prokaryotic cell, wherein the
nucleic acid construct comprises a modified inducible promoter comprises: a TATAAT consensus

sequence at position -10, relative to a transcriptional start site of the promoter; a TTGACA
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sequence at the -35 position, relative to a transcriptional start site of the promoter; a bacterial
ribosome binding sequence; and contacting the prokaryotic cell with an inducer, thereby
expressing the transgene; wherein the transgene when cloned into a comparable nucleic acid
construct that comprises a strong promoter inhibits growth of the prokaryotic cell prior to the
contacting with the inducer, thereby preventing expression of the transgene via the comparable
nucleic acid.

[0085] Provided herein are methods of expressing a transgene in a prokaryotic cell that does not
comprise a T7 RNA polymerase, the methods comprising: transforming a nucleic acid construct
into the prokaryotic cell, wherein the nucleic acid construct comprises a modified inducible
promoter comprises: a TATAAT consensus sequence at position -10, relative to a transcriptional
start site of the promoter; a TTGACA sequence at the -35 position, relative to a transcriptional
start site of the promoter; a bacterial ribosome binding sequence; and contacting the prokaryotic
cell with an inducer, thereby expressing the transgene; wherein the expression of the transgene in
the absence of the inducer is less than an amount of expression in the absence of the inducer of the
transgene operatively coupled to a T7 promoter in a comparable nucleic acid construct; and the
expression of the transgene in the presence of the inducer is greater than an amount of expression
in the presence of the inducer of the transgene operatively coupled to the T7 promoter in the
comparable nucleic acid construct.

[0086] Provided herein are nucleic acids, nucleic acid constructs, compositions, cells, non-
naturally occurring organisms, cell-free systems, kit, or method provided herein.

[0087] For a better understanding of the present disclosure and of its many advantages, the
following examples are given by way of illustration and without limiting the scope of this

disclosure.

EXAMPLES

EXAMPLE 1: INDUCIBLE PROMOTOR ARCHITECTURE.

[0088] In exemplary embodiments, the -10 and -35 boxes of the original lac promoter (FIG. 1Ai),
which are targeted by sigma 70 (¢”°), were modified to generate improved variants such as the
lacUVS (FIG. 1Aii) and tacl (FIG. 1Aiii) promoters. In the lacUVS5 promoter, the -10 box of the
original lac promoter was replaced by the Pribnow box (TATAAT). Later the lacUVS5 and trp
promoters were combined to create the tacl promoter, which increased transcription 11-fold

compared to its predecessor with the incorporation of the -35 consensus box TTGACA. The tet
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promoter (FIG. 1Bi) shares the highly conserved -35 hexamer with tac promoter, however it does
not contain the Pribnow box.
[0089] Provided herein are exemplary lac and tet expression systems with improved strength,
control, and portability.
[0090] The genetic architecture of the lac and tet expression systems were modified in three ways:
(1) addition of the consensus -10 and -35 sequence boxes to be strongly targeted by ¢70;
(2) incorporation of a strong ribosome binding site recognized by a broad spectrum of Gram-
negative bacteria; and
(3) independent control of the transcriptional regulators by appropriately-tuned constitutive
promoters.
[0091] The results were validated with the reporter protein mCardinal, which significantly
improves the dynamic range of promoter measurements over more commonly used green
fluorescent proteins. The improvement seen in the mCardinal dynamic range is due to intrinsic
fluorescence of many bacterial species that interferes with measurements in the green wavelengths,
and the bacteria provided herein have reduced autofluorescence in the far red spectrum.
Additionally, the inducible promoters provided herein were compared with the pET system with
the production of the cocaine esterase CocE, a thermosensitive enzyme capable of metabolizing
cocaine into benzoic acid. CocE, which is prone to form inclusion bodies in leaky F£. coli
expression systems, is expressed as an inducible and soluble protein using the promoters provided
herein. The results and assays provided in Example 2 further support that the expression system
provided herein is a significant improvement over available expression systems in providing tight
OFF state control while achieving high yields of recombinant protein, and with the advantage of

direct portability to alternative host species.

EXAMPLE 2: GENERATION OF INDUCIBLE PROMOTORS IN GRAM NEGATIVE
BACTERIA.

Bacterial strains

[0092] E. coli DH10B, P. putida JE90 derivative of KT2440 with BxBlint-attB, and V. natriegens
Vmax X2 (Codex DNA, Inc.) were used to evaluate the synthetic lac and tet promoters. The
plasmid pET21a-mCardinal was evaluated in E. coli BL21 strain. Selective markers kanamycin
(50 pg/mL for E. coli and P, putida, and 400 pg/mL for V natriegens), ampicillin (100 pg/mL for
E. coli) and spectinomycin (60 pg/mL for E. coli and P. putida, and 250 pg/mL for V. natriegens)

were supplemented to LB medium when required. E. coli strains were transformed by

-27-



WO 2023/205693 PCT/US2023/065954

electroporation and V. natriegens by chemical transformation. Integration of plasmids into P.
putida chromosome was performed by electroporation following the protocol as described, for
example, in Elmore et al. Metab Eng Commun, 5: 1-8 (2017), the contents of which is incorporated
herein by reference in its entirety.

[0093] Plasmid information is listed in Table 1 below. Any plasmid containing any version of the
o'%-based promoters as shown in FIG. 2A and FIG. 2B has been labeled “pc’®” followed by
information about the construct and the specific promoter. “Lac” and “Tc” constructs are
constitutive and do not express a repressor protein; “Lacl” and “TcR” constructs are inducible and
include expression of Lacl or TetR, respectively. Numbers in parentheses indicate a vector
backbone other than pJH0204 ((13) for pJH0228 with the pCloDF13 origin of replication, and (19)
for pUC19).

Table 1. List of Plasmids and Vectors.

Name Backbone | Origin of | Selective marker Construct
replication

pJHO0204 pJH0204 | pColE1l Kanamycin

pJH0228 pJH0228 | pCloDF13 Spectinomycin/Streptomycin

pJHO204F pJH0204 | pColE1l Kanamycin

pFCtacl-GFP pJH0204 | pColEl Kanamycin tacl-sfGFP

pFCtacl-cardi pJH0204 | pColE1l Kanamycin tacI-mCardinal

po’? V1Lac-cardi pJH0204 | pColE1 Kanamycin V1lac-mCardinal

po’’ V2Lac-cardil3 | pJH0228 | pCloDF13 Spectinomycin/Streptomycin | ¥2lac-mCardinal

po’® V3Lac-cardi pJH0204 | pColEl Kanamycin V3lac-mCardinal

po’? V4Lac-cardi pJH0204 | pColElL Kanamycin V4lac-mCardinal

po’? V1Lacl-cardi pJH0204 | pColE1l Kanamycin V1lac/lacI-mCardinal

po’’ V2Lacl-cardi pJHO0204 | pColE1 Kanamycin V2lac/lacl-mCardinal

po’® V2Lac-cardil3 | pJH0204 | pCloDF13 Spectinomycin/Streptomycin | V2lac/lacl-mCardinal

po’® V3Lacl-cardi pJH0204 | pColEL Kanamycin V3lac/lacl-mCardinal

po’? V4Lacl-cardi pJH0204 | pColE1 Kanamycin V4lac/lacl-mCardinal

po’? V1Te-cardi pJH0204 | pColElL Kanamycin V1Te-mCardinal

po’? V2Te-cardi pJHO0204 | pColE1 Kanamycin V2Tc-mCardinal

po’® V3Te-cardi pJH0204 | pColElL Kanamycin V3Te-mCardinal

po’? VaTe-cardi pJH0204 | pColEL Kanamycin V4Te-mCardinal

po’? V1TcR-cardi pJH0204 | pColElL Kanamycin V1Tc/tetR-mCardinal

po’? V2TcR-cardi pJH0204 | pColElL Kanamycin V2Tc/fetR-mCardinal

po’’ V3TcR-cardi pJH0204 | pColE1l Kanamycin V3Tc/tetR-mCardinal

po’? VATcR-cardi pJHO0204 | pColEL Kanamycin V4Tc/tetR-mCardinal
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po’® V1TcR-cardil9 | pUC19 pMB1 Ampicillin V2Tc/terR-mCardinal
pET21a-cardi pET21a pET Ampicillin pLT

Molecular cloning:

[0094] A schematic diagram of plasmid construction are shown in FIGS. 1A-1B. Polymerase
chain reactions (PCR) were carried out with Phusion DNA polymerase (ThermoFisher Scientific,
USA). Digestion of DNA was performed with fast digest restriction enzymes and DNA fragments
were join by T4 DNA ligase or Gibson assembly kit (ThermoFisher Scientific, USA).
Oligonucleotides and DNA synthesis were ordered to IDT (IDT, USA). DNA sequencing was
performed (QuintaraBio, USA). Shuttle vectors pJH0204 and pJH0228 were used. The synthetic
Vlac and VTc¢ promoters were synthesized as gBLocks and incorporated into the MCS of pJH0204
using BamHI and Xhol. Further, sftGFP and mCardinal ORF were codon optimized for P. putida
and inserted downstream the synthetic promoters using Ndel and HindIIl. The transcriptional
regulator tetR gene was synthesized with the PJ23119 promoter in a single gBlock and tetR was
codon optimized for P. putida using the IDT DNA codon optimization tool (available on the world
wide web at https:// www.idtdna.com/pages/tools/codon-optimization-tool) and inserted after
mCardinal with EcoRI and Xhol. The lacl gene was PCR amplified from pET21a vector and
placed under the control of PJ23119 using Ncol and Xhol, but this combination resulted toxic for
E. coli, therefore lacl was PCR amplified together with its native promoter and ligated after
mCardinal using EcoRI and Xhol. pJH0228-V2lac-mCardinal and pJH0228-V2lac/lacl-
mCardinal vectors were produced using the same cloning strategy. mCardinal was inserted into
pET21a using Ndel and Xhol. The transcriptional unit V2Tc¢/tetR-mCardinal was inserted into the
pUC19 vector by Gibson removing the Ndel RE nucleotide sequence in the plasmid and
incorporating terminators insulating the transcriptional unit. DNA sequence of CocE was codon
optimized for P. putida using the IDT DNA codon optimization tool and cloned into the pET21a
and V2Tc-tetR expression system using Ndel and HindIIl. A complete list of plasmids generated
in this study is shown in Table 1. Primers used in this study are listed in Table 2.

Table 2. List of Primers.

Primer name SEQ ID NO: | Sequence 5’ to 3’
pUC19 15

- attgcCTCGAGACTGATTTTTAAGGCGACTGATGAGTCGCCTTTTTTTTGTC
modified FW

TAGCTAACTCACATTAATTGCGTTGCGCT

Xhol
pUCI9 16 gcaatGGATCCagtcaaaagcctcecgaccggaggettttgactAGTACAATC
modified FW TGCTCTGATGCCGCATAGTT
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Xhol
204F1 fwd 17 Ggcgcgtactceccaaaaggatctaggtgaagatce
204F1 rev 18 gagttcttctgattagacaaaaaaaaggcgac
204F2 fwd 19 tTtttttgtctaatcagaagaactegtcaagaagg
204F2 rev 20 gcccgacggcegaggatctegtegtgacgeatg
204F3 fwd 21 cacgacgagatcctegcecgtecgggecatcege
204F3 rev 22 gtctagactgcaggaattcaagcttcatatgggatceggaccaaaacgAhA
204F4 fwd 23 aagcttgaattcctgecagtctagaccatggectcgaggacgaacaataaggce
204F4 rcv 24 Cctagatccttttggagtacgegeeccgggga
placl upstream | 25 TACTGGTTTCACATTCACCAC
lacl downstream | 26 GTGGTGAATGTGAAACCAGTAA
lacI upstream 27 TTTCCAGTCGGGAAACCT
lacl 28
downstream2 AGGTTTCCCGACTGGAAA
tetR upstream 29 CCAATACAACGTGGGTTGCT
Fwplacl 30 AACCGGAATTCccecgtggccgygyg
LXhoI RV 31 AACCGCTCGAGTCACTGCCCGCTTTCC
Fw Pstl-lacl 32 attgcCTGCAGTCACTGCCCGCTTTCCAGTCG
33 gcaatTCTAGAagtcaaaagectecegaccggaggettttgactCCCCGTGGL

Rv Xbal-lacl

CGGGGGACTG
Xbal-V3Lac- 34 gocteceggteggaggettttgactt
Ncol fwd CTAGAGAGCTGTTGACACTTTATG
Xbal-V2Lac- 35

taatgagctcecctecaccettactcacCATGGGTACATTCCTCTCTTACTGC
Ncol rev
Xbal-V3Lac- 36 taatgagctcctcacccttacteac
Ncol rev 37 CATGGGATTCTGTTTCCTGTGTG
Rv cardi Xhol 38 TCAGTCTCGAGTTACTTGTCGTCATCATCCTTAT

[0095] Primers were used as sequencing primers (e.g., placl upstream, tetR upstream). 204F
primers were used to incorporate BamHI, Ndel, HindIII, Kpnl, Ecorl, Pstl, Xbal, Ncol, Xhol RE
into the MCS of pJH0204 and remove Ncol from kanamycin cassette. The pUC19 modified FW
Xhol primers were used to incorporate terminators into pUC19 vector and BamHI/Xhol sites.
[0096] Sequences of cocE, tetR, and mCardinal, codon optimized for P. putida, and the PJ23119
promoter sequence, are provided below.
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[0097] DNA sequence of mCardinal codon optimized for P. putida:

ATGGTGAGTAAGGGT GAGGAGCTCAT TAAGGAGAACAT GCACAT GAAGCTGTATAT GGAGGGCACCGTAAACAACCA
CCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCAGACCCAACGCATCAAGGT CGTGGAGG
GCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTAT GTACGGCTCGAAGACCTTCATCAACCACACC
CAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTT CACCTGGGAGCGCGTCACCACGTAT GAAGACGG
TGGGGTGCTCACCGTGACCCAGGACACGAGCTTGCAGGAT GGCTGCTTGATTTACAACGT CAAGCTGCGCGGGGTGA
ACTTCCCTAGCAACGGGCCAGTGATGCAGARAAAGACGCT GGGTTGGGAGGCCACCACCGAGACCCTGTACCCGGCC
GACGGGGGGCT GGAAGGGCGGT GCGATATGGCCCTGAAAT TGGT CGGCGGCGGTCATT TGCACTGCAAT CTCAAGAC
CACGTACCGCT CCAAGAAACCCGCCAAAAACCTGAAGATGCCTGGTGTTTAT TTTGTCGACCGGCGCCTGGAGCGCA
TCAAGGAAGCGGACAATGAGACGTACGT GGAACAGCACGAAGTGGCCGTGGCTCGTTATTGCGATCTGCCGTCGAAG
CTGGGTCACAAACTGAACGGCATGGATGAGCT GTACAAAGATTATAAGGATGATGACGACAAGTAA (SEQ ID
No: 39)

[0098] DNA sequence of sfGFP codon optimized for P. putida:
ATGTCCAAAGGTGAAGAGCTGTTTACCGGCGTCGTGCCCATTCTGGTGGAGCTGGATGGCGACGTCAACGGGCACAA
GTTTAGCGTCCGTGGCGAAGGT GAGGGCGACGCCACGAACGGTAAGCTGACGCTGAAATTCATTTGCACCACCGGCA
AATTGCCTGTACCCT GGCCCACCCTGGTGACCACGCTCACCTACGGCGTACAGTGCTTCAGCCGTTACCCGGACCAC
ATGAAGCGTCACGACTTCTTCAAAAGCGCCATGCCGGAGGGTTACGTGCAGGAGCGTACGAT TAGT TTCAAGGACGA
CGGCACCTATAAGACCCGT GCCGAAGTGAAGT TCGAAGGCGATACGTTGETGAACCGTATCCAGT TGAAGGGTATCG
ACTTTAAGGAAGACGGCAACAT CCTGGGCCATAAGCTGGAGTACAATTTCAACAGCCATAACGTTTACATCACCGCC
GATAAACAGAAGAACGGCATTAAAGCCAACTTTAAGAT CCGCCACAACGTCGAAGACGGCTCGGTGCAGCTGGCCGA
CCATTATCAGCAARAACACCCCCATCGGTGATGGGCCCGTGCTGCTGCCGGATAACCAT TATCTGAGCACGCAGTCGG
TGCTCAGCAAGGACCCTAACGAAAAGCGCGAT CACATGGTGCTGCT GGAGTTCGTCACGGCGGCGGGGATCACCCAT
GGGATGGACGAGCTCTACAAAGACTATAAAGATGACGATGACAAGTAAA (SEQ ID NO: 40)

[0099] DNA sequence of tetR codon optimized for P. putida:

ATGTCCCGCCTGGATAAAT CGARAGT GATTAACTCGGCCCTCGAATTGCTGAATGAAGTCGGTATCGAGGGGCTGAC
GACCCGTAAATTGGCACAAAAGTTGGGGGT GGAGCAACCCACGT TGTATTGGCACGTCARAAATAAGCGGGCATTGC
TGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCCATTT CTGT CCACTGGAGGGCGAGTCCTGGCAGGAC
TTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACTCTTGTCCCATCGGGACGGTGCTAAGGTGCACTTGGGCAC
CCGTCCCACCGARAAACAATACGAAACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGA
ATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTTGGGGTGCGTGTT GGAGGACCAGGAGCATCAAGT CGCA
AAAGAGGAGCGTGAAACCCCAACCACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCA
GGGCGCGGAGCCAGCCTTCCTCTTTGGGCT GGAGCT GATTATCT GCGGTTTGGARAAACAACT CAAGTGTGAAAGCG
GGTCCTAA (SEQ ID NO: 41)

[00100] DNA sequence of cocE codon optimized for . putida:
CATATGGTGGACGGTAATTATTCGGTAGCGTCCAACGTTATGGT GCCGATGCGCGACGGGETGCGCTTGGCTGTAGA
TCTGTACCGCCCGGACGCAGAT GGCCCTGTACCGGT CCTGCTGGTCCGCAACCCCTACGACAAATTCGACGTGTTCG

CTTGGAGTACGCAGAGCACGAACTGGCTGGAATTTGTGCGCGATGGGTACGCCGTCGTCATCCAAGACACCCGGGGL
3
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CTCTTTGCATCCGAAGGTGAGTTCGTTCCACATGTTGATGACGAGGCGGATGCGGAAGACACGCTGAGCTGGATCTT
GGAACAAGCATGGTGCGACGGCAATGTGGGTATGTTCGGTGTAAGCTACCTGGGCGTTACGCAGTGGCAAGCTGCTG
TTAGCGGTGTGGGTGGTTTGAAGGCAATCGCCCCGAGCATGGCGAGCGCGCGATCTGTACCGTGCCCCCTGGTACGGT
CCTGGCGGCGCCCTGAGCGTGGAAGCACTCCTGGGCTGGAGCGCATTGAT CGGTACGGGCCTGATTACCAGCCGTAG
CGATGCCCGCCCGGAAGACGCAGCCGACTTCGTACAGCTGGCAGCCATCCTGAACGAT GTGGCCGGTGCCGCAAGCG
TGACCCCTCTGGCCGAACAGCCCTTGTTGGGCCGCCTGATCCCTTGGGTGAT CGACCAGGTGGTGGACCATCCAGAC
ANACGACGAGTCGTGGCAGAGCATCTCGCTCTTTGAACGTTTGGGTGGGCTCGCTACCCCGGCCTTGATTACCGCLGG
GTGGTACGATGGCTTCGTGGGCGAGAGCCTCCGTACCTTCGTAGCTGTGAAGGACAACGCGGATGCGCGTCTGGT GG
TGGGGCCGTGGAGCCACAGCAATCTGCGACCGGCCGTAATGCCGACCGTAAGTTTGGGAT CGCCGCGACCTACCCCATC
CAGGAGGCGACGACCATGCACAAGGCTTTTTTCCGACCGGCACCTCCGTGGCGAGACCGATGCCCTGGCAGGGGTGCC
CAAGGTGCGCCTCTTCGTAATGGGTATCGATGAGTGGCGCGACGAGACCGACTGGCCATTGCCAGATACCGCTTACA
CGCCTTTTTACCTCGGGGGCTCCGGTGCGGCCAACACCGAGCACGGGTGGTGGGACCCTGTCGACCTCGATCAGCGGL
ACGCAGTCGGCGGACACCTACCTGTATCATCCTGCCGACCCCGTCCCAACTCTGGGCGGCACCCTCCTCTTCCATAA
TGGGGACAACGGTCCAGCTGACCAGCGCCCGATTCACGATCGCGACGACGTGCTGTGCTACTCCACCGAGGTGTTGA
CCGACCCCGTGGAAGTAACGGGGACGGTTTCGGCTCGCCTGTTCGTGTCCTCGTCGGCCGTGGATACCGATTTTACC
GCCAAGTTGGTCGACGTGTTCCCCGATGGTCGGGCAAT CGCTCTCTGCGACGGCATCGTGCGTATGCGCTACCGGGA
GACCTTGGTAAAT CCTACGCTCATTGAGGCCGGTGAGATTTACGAGGTGGCTATTGATATGCTGGCCACCAGCAACG
TGTTTTTGCCGGGCCACCGCATCATGGTGCAAGTTAGCAGCTCGAACTTCCCGAAGTACGACCGCAACT CCAACACC
GGCGGCGTCATCGCTCGCGAGCAACTGGAGCGAAATGTGCACCGCCGTAAACCGCATTCACCGCGGCCCCGAACACCC
GTCCCATATCGTGCTGCCGATCATTAAGCGCGACTATAAGGACGACGACGATAAGTGAAAGCTT (SEQ ID NO:
42)

[00101] DNA sequence of pJ23119 promoter:
TTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACAC (SEQ ID NO: 43)

SDS-PAGE

[00102] SDS-PAGE was carried out on a 4-12% Bis-tris Midi Protein Gel in an XCell4 SureLock
Midi system (Invitrogen, USA). E. coli, P. putida and V. natriegens cell extracts were obtained
from diluting an overnight culture 1:50 in 10 mL of fresh LB media and grown at 37 C for E. coli
and 30°C for P putida and V. natriegens at 220 rpm until the culture reached an optical density
(OD) at 600 nm (ODsoo)of 0.7 measured spectrophotometrically, then induced with 0.2 mM IPTG
or 0.1 ng/mL aT¢ accordingly. Induced cultures were grown for 5 hours, and 2 mL culture were
spun down at 14.000 rpm and 4°C for 10 minutes and frozen at - 20°C for further analysis. Cells
were lysed with Complete Bacterial Protein Extraction Reagent (ThermoFisher Scientific), and
crude extracts were analyzed by SDS-PAGE. Total protein concentration was estimated with
Thermo Scientific NanoDrop one and ~10 mg total protein of each cell extract was loaded into the
SDS-gel.



WO 2023/205693 PCT/US2023/065954

Expression of CocE and measurement of benzoic acid production

[00103] Recombinant E. coli BL21 strain carrying the pET21a-cocE and DH10B containing either
po7° V2TcR-cocE or po7° V2TcR-cocE19 plasmids were cultivated overnight at 30°C at 220 rpm
and fresh cultures were started with 5% of the ON culture and induced at ~ODego 0.7 with 0.2 mM
IPTG or 0.1 ug/mL aTc accordingly. 1 mL samples were collected each hour for 6 hours by
centrifugation at 4°C and 14000 rpm and stored at - 80°C. Cell pellets were disrupted using 150
uL of B-PE Complete Bacterial Protein Extraction Reagent (ThermoFisher Scientific) for 25
minutes at room temperature and soluble fractions were collected after centrifugation for 25
minutes at 4°C and 14000 rpm. ~ 3 mg/mL of soluble fractions were incubated with 0.015 mg of
cocaine for 20 minutes at 28°C and benzoic acid production was estimated using the benzoic acid
detection kit for feed (Attogene, EZ2013-03).

EXAMPLE 3: DESIGN OF SYNTHETIC LAC AND TET PROMOTERS.

[00104] A schematic diagram of plasmid construction is shown in FIGS. 1A-1B. All plasmids
used in the assay are listed in Table 1. The original /ac promoter (FIG. 2Ai) lacks the -35 conserved
box recognized by the 67 subunit of RNA polymerase. Original /lac and ret (FIG. 2Bi) promoters
lack the Pribnow (-10) box. Three synthetic variants of each promoter were constructed containing
the highly conserved ¢ consensus hexamers at positions -10 and -35. Version 1 (V1lac, FIG. 2Aiv,
and V1lc, FIG. 2Bii) of each promoter resembles the original /ac and fef promoters, with the
incorporation of a strong RBS from £ putida. The version 2 (V2lac, FIG. 2Av, and V27¢, FIG.
2Biii) replaces the -35 and -10 boxes of Version 1 for the highly conserved 67’ consensus hexamers
TTGACA and TATAAT, respectively. Version 3 (V3lac, FIG. 2Avi, and V31c, FIG. 2Biv)
incorporates an additional lacO operator and the RBS of the tac/ promoter. Version 4 (V4lac, FIG.
2Avii, and V47c, FIG. 2Bv) displaces the location of the -10 and -35 boxes (V4lac) and
incorporates an additional -35 box in F47c. The synthetic promoters were cloned into the MCS ol
the shuttle vector pJH0204 containing the origin of replication pColE1 with 25-30 copies per cell
in F. coli . The design allowed the incorporation of the transcriptional regulators /acl and tetR after
a terminator L3S2P21 and under the control of the constitutive promoter PJ23119 (FIG. 2C).
[00105] No aberrant phenotypes in the £ coli strains carrying the PJ23119-tefR construct were
observed. However, E. coli failed to maintain the PJ23319-/ac] construct. The plasmids containing
the laci repressor gene in this configuration produced slow-growing colonies and yielded plasmids
with aberrant restriction patterns, indicating gross plasmid rearrangements. Therefore, the strong
PJ23119 promoter was replace for the native /ac/ promoter and observed no further toxicity.
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[00106] The reporter protein mCardinal was incorporated downstream of the synthetic promoters
and the plasmids were transformed into £. coli DH10B, P. putida JE90 derivative KT2440, and V.
natriegensVmax X2 strains. The V2lac-mCardinal constructs could not be maintained in E. coli,
likely due the high strength of the V2/ac promoter. To avoid this abnormal phenotype, the genetic
circuit V2lac-mCardinal was produced in the pJH0228 vector containing the CloDF13 origin of

replication at about 10 copies per cell, allowing stable maintenance of the V2lac promoter.

EXAMPLE 4: SELECTION OF THE FLUORESCENT REPORTER SYSTEM.

[00107] GFP and other green fluorescent protein derivatives are widely used as reporters in
bacterial expression systems. However, the intrinsic green fluorescence produced by endogenous
molecules, such as proteins containing aromatic amino acids, negatively impact the interpretation
of the exogenous green fluorescence generated by the reporter system. The autofluorescence is
exacerbated in P. putida, a member of the fluorescent Pseudomonas species. Under iron limited
conditions P. putida secretes the siderophore pyoverdine, a soluble fluorescent yellow green
pigment. Far-red fluorescent proteins were explored, specifically mCardinal, a monomeric far red
shifted derivative of mKate, as wavelengths between 600 and 900 nm are not absorbed by cells
and organic molecules, thus reducing the noise of endogenous autofluorescence.

[00108] To quantify the impact of autofluorescence on the selected Gram-negatives strains,
the endogenous fluorescence of these strains cultivated in LB over time were measured. All three
species emit fluorescence in the green spectrum, as expected (FIG. 3A, right panel). This
fluorescence is more or less constant over time with £. coli, however P. putida and V. natriegens
show variable production of molecules that absorb green light at different cell densities. In contrast,
when measured in the far-red spectrum specific for mCardinal, there was approximately 400 times
less detection of autofluorescence, in arbitrary units on the same instrument, in all strains as
compared to the measurements in the green spectrum (FIG. 3A, left panel). Again, £ coli displayed
rather consistent far red autofluorescence over time whereas P. putida and V. natriegens
autofluorescence varies with cell density.

[00109] To further validate the benefit of using mCardinal instead of sfGFP, the inherent
noise of each reporter system was quantified by measuring the fluorescence signal-to-background
ratio of both reporter systems expressed under the control of the constitutive tac/ promoter in the
three species. After 16 hours of growth, the recombinant E. cofi, P. putida and V. natriegens
expressing sfGFP emitted 64, 11 and 5 times more green fluorescence than their respective wild

type strains (not expressing a fluorescent protein). Meanwhile, mCardinal-expressing strains
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displayed 294, 34 and 13-fold higher red-light emission in £. coli, P. putida and V. natriegens
compared to their wild type controls (FIGS. 3B-3D). Overall, the use of mCardinal rather than
sfGFP significantly improves the dynamic range and facilitates measurement of promoter strength,

as there is little endogenous autofluorescence in the far-red spectrum.

EXAMPLE 5: STRENGTH AND REGULATION OF SYNTHETIC LAC PROMOTERS IN
ESCHERICHIA COLL

[00110] The /ac promoter, and its derivates, are constitutively active in the absence of its
transcriptional regulator /ac/. The strength of the synthetic /ac promoters were evaluated without
faci and compared these against the strong fac/ promoter, which drives high levels of transcription
and can result in recombinant protein production of up to 30% of'total protein. The V/Lac promoter
was 10-fold weaker than the facl promoter (FIG. 4A), consistent with previous data observing an
11-fold difference between these two promoters. The V3lac promoter matched the facl promoter
strength, while the V'4/ac promoter showed 5 times less mCardinal than tac/ (FIG. 4A). The V2lac
promoter had to be tested in the low copy plasmid pCloDF13 because the medium copy pColE1
derived plasmid could not be maintained in E. coli. Even in the low copy configuration, the V2Lac
promoter surpassed by ~1.4-fold the facl promoter and was therefore the strongest constitutive
promoter despite its expression in a low copy plasmid. The result suggests that maintenance of a
promoter of this strength within in a medium copy plasmid exceeds the sustainable metabolic
burden of E. coli (FIG. 4A). These results indicate that the incorporation of ¢’° consensus
sequences at positions -35 and -10 efficiently increase the strength of the /ac promoter.

[00111] Next, the transcriptional regulator /ac/ was incorporated into these circuits to quantify
the efficiency of the OFF state. The V/Lac and V4lac constructs containing the /acl repressor
produced a red fluorescence signal comparable to wild type £. coli (FIG. 4A), indicating tight
transcriptional repression. The V3lac promoter could not be totally repressed by /acl, showing a
slight tendency to leak, even with the presence of two lacO operators. The V2/ac promoter with
lacl was stably maintained by £. co/i in both pColE1 and CloDF13-derived vectors. However, the
repressed state of the V2/ac promoter in the low and medium copy plasmids showed rather a
constitutive behavior. Lacl repressed ~9-fold the J2Lac promoter in the CloDF 13 derived plasmid
as compared to its constitutive construct (FIG. 4A), while the medium copy version of the V2/ac-
lacl system (which was not sustainable as a constitutive circuit) exhibited a strong constitutive
expression ~1.3-fold higher than the fac/ promoter, thus showing that one lacO operator region is

not sufficient to block transcription of ¥2Lac containing both 6’° consensus sequences by Lacl,
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but incorporation of a second lacO reduces the leakage as observed in the V3Lac promoter (FIG.
4A).

[00112] To verify the inducibility of the synthetic /ac promoters, E. coli was exposed to IPTG at
the beginning of exponential phase. The V'//ac and V4lac promoters showed minimal induction of
mCardinal (FIG. 4A). The V3/ac promoter, which mimics the V2/ac promoter with an additional
lacO operator, demonstrated a dynamic range of ~17-fold versus the uninduced state, but could
only produce 24% of its full constitutive potential (FIG. 4A). The V2lac promoter in the low copy
plasmid produced ~2-fold more mCardinal upon induction; similar behavior was observed in the
medium copy version, where production of mCardinal reached the maximum values of all
promoters tested at ~2.6-fold stronger than the tac/ promoter (FIG. 4A). Overall, the results
demonstrate that incorporation of ¢’° consensus sequences to the lac promoter improve its strength
(V2Lac), producing more mCardinal than the strong fac/ promoter in both, the constitutive Lacl-
less version in the low copy plasmid and the repressed and induced states in the medium copy
plasmid. However, Lacl could not repress the transcription of the synthetic }2Lac promoter. Thus,
additional /acO operators are necessary to tumn the /ac promoter OFF containing the perfect 6”°

boxes, as observed in V3Lac, though full induction then becomes impossible in this architecture.

EXAMPLE 6: STRENGTH AND REGULATION OF SYNTHETIC TETPROMOTERS IN
ESCHERICHIA COLL

[00113] The tet promoter also drives transcription constitutively without TetR. The expression
profile of the constitutive synthetic fef promoters were evaluated and compared against the fac/
promoter. As observed for the /ac promoter, replacement of the —10 and —335 sequences with the
6™ consensus boxes in the rer promoter also increased the constitutive efficiency of the V27¢
promoter over the original }//¢, in this case by 20%, and reached the yields obtained with fac/
promoter (FIG. 4B). The V47c promoter showed similar results to the V27c, while the V37c lost
any capability to initiate transcription (FIG. 4B). Further, incorporation of the fefR repressor to
each of the four circuits under the control of the strong constitutive PJ23119 promoter completely
silenced mCardinal production from all the synthetic fet promoters, even in the strong V271c
promoter which harbors the optimal combination of consensus sequences recognized by the ¢
(FIG. 4B).

[00114] To confirm the induction of each promoter and determine its functional dynamic range,
each circuit was induced with anhydrotetracycline (aTc). The original tet promoter (J'77¢) only

achieved ~37% of its full constitutive potential, reaching only 30% of mCardinal compared to facl
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promoter confirming the middle level strength of the rer promoter (FIG. 4B). The V27t promoter
achieved maximal induction reaching the full potential dynamic range and produced similar yields
as the strong tacl promoter (FIG. 4B). Interestingly, the V41c promoter could not be de-repressed
by aTc and showed a weak induction of only 5%, and as expected, the V'37¢ promoter showed no
activity (FIG. 4B). Together these results confirm that in £. co/i the incorporation of the consensus
boxes targeted by the ¢”° is key to boost the expression profile of promoters recognized by this
transcription initiation factor and achieve the maximal transcriptional capacity of these promoters

upon induction.

EXAMPLE 7: DIRECT COMPARISON OF SYNTHETIC LAC AND TET EXPRESSION
SYSTEMS TO PET IN ESCHERICHIA COLI.

[00115] In £ coli, the pET series of expression plasmids are the most popular systems for
recombinant protein production. The efficiency of the synthetic /ac and fef promoters were
compared directly against pET21a. The pET expression system in the BL21 strain can produce
more than 50% of the target gene as the total protein per cell, mCardinal production was measured
in BL21. As expected, the pET system induced by IPTG produced ~1.5-fold more mCardinal than
the strong constitutive facl promoter, which is expected to accumulate up to 30% of total cell
protein. Despite the massive production of mCardinal by the pET system, its OFF or uninduced
state can be considered as a medium high constitutive expression system, vielding 30% of the
constitutive facl promoter as evidenced by mCardinal production (FIG. 4B, FIG. 4C). This
transcriptional leakage in the pET system is well known in the scientific community.

[00116] Among the synthetic /ac and fef promoters, all tested in £. coli DH10B, only the V2Lac
promoter surpassed the pET system in the medium copy plasmid pColEl. The IPTG induced
V2Lac expression system produced ~1.8 times more recombinant protein than the pET system,
however, the leakage of J2Lac promoter equals the induced state of the pET system (FIG. 4A and
FIG. 8), therefore cancelling the advantages of an inducible expression system. The V3Lac
expression system showed a tighter control of the OFF state, therefore, to increase its strength the
V3Lac-lacl construct containing mCardinal was inserted into the pUC19 vector, thus increasing
the copy number from 30 to 250 copies per cell. E. coli failed to maintain the V3lac-lacl construct
in the pUC19 vector, likely due to the toxicity of Lacl. The V27e-tetR expression system was
evaluated in the pUC19 vector. E. coli stably maintained the /"27¢-fetR construct and no phenotypic
or genotypic abnormalities were observed as in pUC19-V3Lac-lacl. mCardinal production by

pUC19-V27Tc-tetR matched the pET21a expression system, with one exceptional difference, the
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pUC19-V27c-tetR maintained complete repression in the uninduced after 12 hours (FIG. 4B and
FIG. 8). Thus, pUC19-V21c-tetR shows significant improvement in transcriptional control and
dynamic range over pET21a (FIG. 4B, C). Further, equivalent protein production and tighter
transcriptional control were achieved without the obligatory use of the BL21(DE3) strain,

suggesting the system provided herein is readily portable to other strains and species.

EXAMPLE 8: EXPRESSION OF THE COCAINE ESTERASE COCE AND
PRODUCTION OF BENZOIC ACID.

[00117] To further validate the advantage of the expression system provided herein over the pET
expression system, the production of a functional protein product, the cocaine esterase CocE, was
assayed. This enzyme hydrolyses cocaine into benzoic acid and could expand the use of the
narcotic compound as raw source in the production of the carboxylic acid widely used as precursor
and preservative in the food and pharmaceutical industries. Expression of CocE has previously
been shown to be a difficult and laborious task with the pET expression system, because CocE
forms inclusion bodies; consequently, long incubation methods at low temperatures are required
to isolate sufficient vields of functional CocE. E. coli could not support CocE expression in the
repressor-less variants of the synthetic promoters, thus confirming this is a toxic protein for E. coli.
Next, CocE in the V27c-tetR expression system was assessed in both the medium and high copy
plasmid backbones, pJH0204 and pUC19 respectively (po70 V2TcR-cocE and po70 V2TcR-cocE,
see Table 1), and compared against the pET expression system for the production of benzoic acid.
Benzoic acid production is an indication that CocE was correctly folded and properly hydrolyzing
cocaine.

[00118] The soluble fraction recovered from the recombinant £. coli strain containing the pET21a-
cocE expression system showed equivalent benzoic acid production in the presence of cocaine in
both the uninduced and induced states (FIG. SB), with a clear tendency to form inclusion bodies,
as evidenced by the accumulation of protein in the insoluble fraction upon activation by IPTG
(FIG. 5A). Thus, while induction of CocE by IPTG in the pET system does result in the additional
production of protein, the additional protein made is insoluble and non-functional protein.
Functionally speaking, the expression of CocE in pET21a is not inducible, but instead behaves
constitutively, as there is no difference in cocaine hydrolysis in the uninduced and induced states
(FIG. 5B).

[00119] The soluble fractions from the recombinant . coli V27c-tetR-cocE expression system, in

both the pJH0204 and pUC19 plasmids, showed no benzoic acid production in the absence of the
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inducer. The addition of aTc triggered production of CocE with protein production and function
roughly equivalent to the soluble pET21a-cocE plasmid (FIG. 5A, FIG. 5B). In both plasmids,
benzoic acid production was observed after only one hour of aTc induction, and reached maximal
production by 3 hours (FIG. 5B). These results confirmed the advantage of the incorporation of
the 6’® boxes to the tetracycline promoter, keeping the toxic enzyme CocE OFF in the uninduced
state and producing sufficient amounts of mature CocE after 3 hours of induction. This is
significantly shorter than induction of 16 hours previously recorded (data not shown). Further,
the expression system provided herein produced soluble and functional protein without evidence
of massive toxicity or inclusion body formation. This method facilitates the scalability of this
bioprocess which has potential as an alternative, environmentally friendly method to obtain

benzoic by replacing petroleum-based starting materials.

EXAMPLE 9: STRENGTH AND REGULATION OF SYNTHETIC LAC AND TET
PROMOTERS IN PSEUDOMONAS PUTIDA.

[00120] Genetic control in the soil-dwelling species P. putida 1s of great interest for
biotechnological applications due to the ability of this microorganism to synthesize complex
natural products and metabolize a variety of xenobiotic compounds. The constitutive strength,
repression, and inducibility of synthetic promoters in P. putida were assayed. The lac-based
promoter systems (which include the tacl promoter) are reported to have poor dynamic range and
instability in high-copy plasmids when harbored in P. putida as replicative plasmids. To address
this problem, the genetic circuits were integrated into the P. putida chromosome. The constitutive
strength of V1lac, V2lac, V3lac and V4lac promoters were measured using mCardinal, and found
out that tacl is stronger than all the synthetic lac variants by ~3, 1.5, 10 and 33-fold respectively
(FI1G. 6A, FIG. 6C). The incorporation of the transcriptional regulator lacl efficiently repressed
the Vllac, V3lac and V4lac promoters, but as seen in E. coli, the V2lac showed a tendency to leak,
though not as egregiously as in £. coli (FIG. 6A, FIG. 6C). Induction by IPTG was barely detected
in the Vllac, V3lac and V4Lac promoters, thus indicating the weakness of the original lac
promoter in P. putida (FIG. 6A, FIG. 6C). Interestingly and analogously to £. coli, the V2lac
promoter showed ~27-fold increase in mCardinal production against the uninduced state and
surpassed its theoretical dynamic range as compared to the constitutive version, ultimately
achieving similar yields as the strong tacl promoter (FIG. 6A, FIG. 6C). These results confirm that
the incorporation of the 670 consensus sequences to the lac promoter (V2Lac) significantly

improve the strength of this promoter in the P. putida host.
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[00121] The tet promoters in P. putida were also evaluated. The original tet promoter with a
strong RBS (V1Tc¢) was the strongest among all synthetic tet promoters in the absence of tetR,
followed by V4Tc, V2Tc and V3Tc (FIG. 6B, FIG. 6C). Incorporation of the tetR repressor under
the control of the PJ23119 promoter silenced all the synthetic tet promoters, as in E. coli (FIG. 6B,
6C). Addition of aTc activated the four tet promoters and remarkably, the induced V2T¢ promoter
showed the highest mCardinal induction exceeding its constitutive expression by ~10-fold and
matching the tacl promoter. The V2Tc promoter was revealed to be ~2 and 3-fold more efficient
than the V1Tc and V4Tc promoters after induction respectively, while the V3Tc¢ proved to be
inefficient in P. putida (F1G. 6B, FIG. 6C). These results highlight the importance of the consensus

sequences targeted by 670 to amplify the strength of inducible promoters also in P. putida.

EXAMPLE 10: STRENGTH AND REGULATION OF SYNTHETIC LAC AND TET
PROMOTERS IN VIBRIO NATRIEGENS.

[00122] The circuits were next evaluated in the marine bacterium ¥ natriegens which has gained
popularity for routine molecular biology applications due its ability to double in <10 min. In this
host, previous studies indicated that the facl promoter produced GFP upon activation with IPTG,
while induction of the fer promoter resulted in low GFP yields. The constitutive and inducible
versions of the synthetic /ac and fef promoters were evaluated in the pColE1 derived plasmid with
~300 copies per cell, except for the constitutive V2Lac, which was evaluated in pCloDF13 derived
vector with ~64 copies per cell in this strain. The constitutive V2Lac and V41c promoters
outperformed tacl/ by ~16 and ~2-fold respectively, while V3Lac, ViTc and V27c produced similar
levels as tacl (FIGS. 7A-7C). ViLac and V3Lac underperformed taci by ~2.7-fold, and V3ic
showed no activity (FIGS. 7A-7C). Incorporation of the transcriptional regulators /acf and refR
turned OFF all the synthetic promoters except for J'2Lac, which continued to show leakage, as in
E coli and P putida (F1G. 7A). Induction of the synthetic lac promoters by IPTG revealed that
only the V2Lac promoter was fully activated, surpassing its constitutive version by ~1.3-fold and
showed a potential dynamic range of ~25-fold (FIG. 7A). The V3Lac reached 30% of its full
potential, and the V/Lac and V4Lac showed no induction (FIG. 7A). While addition of aTc
activated all four synthetic fef promoters, the V31c and V41t promoters rather showed weak
mCardinal production, and ¥/7¢ produced 2-fold more mCardinal than its constitutive variant
(FIG. 7B). The V27t promoter, which harbors the 2 consensus ¢'° boxes, demonstrated strong
inducibility producing 11-fold more mCardinal than the tac/ promoter and displaying full potential
of its dynamic range producing 100-fold more mCardinal than its OFF version (FIG. 7B, C). These
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results confirmed that the adaptation of the two consensus boxes recognized by the ¢”° in the V2lac
and V21¢ promoters improved the performance of the inducible /ac and fer promoters in V.

natriegens.

EXAMPLE 11: ADDITIONAL CONSIDERATIONS FOR INDUCIBLE PROMOTER
DESIGN.

[00123] Production of recombinant proteins is and will continue to be one of the main tools
scientists use to understand biological processes and transfer academic results to industrial
applications. The pET system is well known to induce the formation of inclusion bodies, a major
drawback in the production of soluble proteins. pET requires specific strains that carry the T7 RNA
polymerase, it lacks real tuneability, and fails to keep the target gene OFF. Leakiness in the OFF
state negates the main advantage of an inducible system, which is intended to permit time- or
context-specific control of gene expression.

[00124] In contrast to pET, the results provided in Examples 2-9 show that inclusion of the ¢™
consensus sequences into the /ac and fet inducible promoters improve both repression and
induction. The tight transcriptional control does not require any particular strain background, and
permits rapid expression of soluble proteins, including toxic proteins such as CocE. The inducible
promoters provided herein can be easily optimized to be used in a variety of Gram-negative hosts,
including P. putida and V. natriegens, thus widening the applicability of these tools to a broad
spectrum of bacteria. The inducible promoters provided herein offer a significant advance to the
biotechnology industry in offering additional platforms for exogenous protein expression and
purification.

[00125] The V" 2/ac promoter expressed very highly across three Gram-negative species. Indeed, in
V. natriegens the V2lac promoter is the strongest promoter yet described, as it surpasses the widely
used facl promoter by 16-20-fold (FIG. 7). Additional factors can affect promoter performance,
for instance, the length and sequence of the spacer between the -10 and -35 elements can have
dramatic effects on promoter strength. .

[00126] The results in FIG. 5 suggest that complete OFF state control is key to avoiding common
problems with protein expression of challenging proteins, such as the formation of inclusion bodies.
Future promoter configurations could be aided by the combination of additional mechanisms to
achieve complete OFF state control, such as the additional of small RNA transcriptional and
translational regulators. These approaches have increased appeal over the pET system with pLysE,

for example, as they permit facile portability among strains and species. OFF state control of the
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lac promoters was less of an issue in £. putida and V. natriegens, where better repression of the
strong V' 2lac promoter was achieved (FIGS. 6A-7C). Without being bound by a particular theory,
it is likely that species-specific differences in RNA polymerase binding and promoter clearance
may affect the behavior of inducible promoters.

[00127] The challenges of leakiness were entirely eliminated by the use of fef-based promoters in
the system provided herein. An often-cited drawback of fet promoters for protein expression was
the limitation of protein production as compared to /ac-based systems. Incorporation of the ¢’
consensus sequence into the fef promoter (V27¢) significantly increased expression above that of
the original tef promoter (}'17¢) to the point where the promoter output equaled (and in the case of
V. natriegens, exceeded) that of the facl promoter. As a complementary approach to inducible
promoter manufacturing and design, the sigma factor can be replaced with 6’° sequences to assess
promoter performance. Promoter performance was quantified herein by using far-red reporters,
which significantly decreased background fluorescence and increased dynamic range in the
bacterial species assayed.

[00128] Different vields of recombinant protein can be achieved based on promoter and host
selection. Overall, the incorporation of the consensus —35 sequence and Pribnow (-10) box unlocks
the strength of the /ac and fef promoters in Gram-negative bacteria, facilitating the production of
any given target gene in different host with the same set of plasmids.

[00129] The V27t promoter provided herein offers an improvement over the pET-based protein
expression systems that remain very widely used. V27c¢ is tightly regulated, robustly inducible, and
drives protein production comparable to or better than the facl promoter in all three species that
were examined. No specific strain backgrounds were necessary, as it does not rely on the presence

of the T7 polymerase.

EXAMPLE 12: DEVELOPMENT OF THE DUAL EXPRESSION SYSTEM
V2TCR/V2(3)LACI.

[00130] The ¢7° adapted expression systems V2TcR and V3Lacl have tight regulation and strong
induction in £. coli in the presence of anhydrotetracycline (aTc) and IPTG respectively, while in
P. putida and V. natriegens the V2TcR and V2Lacl showed the best performance as inducible
promoters in these host bacteria. A dual expression system was developed using as backbone the
pJHO0204 vector containing the origin of replication pColE1 and the attB sites specific for bxbl
recombinase. Each transcriptional unit of the dual expression system was insolated by terminators

and the transcriptional regulators tetR and lacl were located in-between and in opposite direction
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of the inducible promoters V2Tc and V2/3Lac to block undesired transcription of the open reading
frames (ORF). Further, 2 different multicloning sites were located after the inducible promoters
V2Tc and V2/3Lac to facilitate the incorporation of target genes (FIGS. 9A-9F, and FIG. 14).

[00131] The dual expression systems were tested in E. coli, P. putida and V. natriegens to evaluate
1) synergy ii) expression of different recombinant proteins and iii) production of the biosynthetic
gene cluster (BGC) leading to the biosynthesis of Ivcopene and B-carotene. Synergy was evaluated
with the reporter system mCardinal which was accommodated in both inducible promoters of the
dual expression system (FIG. 9B). Expression of different recombinant proteins was performed by
adapting the sfGFP under the control of V2TcR and mCardinal controlled by V2/3Lacl (FIG. 9C).
Finally, production of the terpenoids lycopene and B-carotene by the dual expression system was
achieved by the assembly of the crtEBIY genes from Pantoea ananatis. The crtEBIY genes were
synthesized with the codon usage for . coli. The crtEBI operon was assembled in the pUC19
vector via Gibson adapting the ribosome binding site (RBS) of J23119 9 to crtB and the RBS pJL1
to crtl, further the synthetic construct was transferred to the V2TcR expression system to evaluate
lycopene production (FIG. 9D). B-carotene production was evaluated with the incorporation of the
crtY gene with the 123119 RBS to V2TcR-crtEBI yielding V2TcR-crtEBIY (FIG. 9E). The dual
control of the crtEBI operon together with the crtY gene to produce B-carotene was achieved by
adapting the crtEBI to the V2T¢R expression system and the crtY gene to V2(3)Lacl expression
system present in the dual vector (FIG. 9F). All measurements were performed using LB as growth
medium as the scope of this work is not to optimize the production of terpenocids. After
transforming the plasmids listed in Table 3 in the three bacterial species no difference in the wild

type strains was observed, thereby confirming the stability of the dual expression systems.

Table 3. List of Plasmids.

Name Expression system 1 | ORF1 Expression system 2 | ORF2
po’’ V2TcR-mCardinal | V2TeR mCardinal

pam V2lacl-mCardinal | V2lacl mCardinal

pom V3LacI-mCardinal | V3Lacl mCardinal

po’ V2TcR-S{GFP V2TcR SfGFP

pom V2lacl-sfGFP V2Lacl sfGFP

po’ V3Lacl-sfGFP V3Lacl SfGFP

pJHO204F

po’’ V2TcR- | V2TeR mCardinal V2Lacl mCardinal
mCardinal/V2Lacl-
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mCardinal

po"’ V2TeR- | V2TeR mCardinal V3Lacl mCardinal
mCardinal/V3Lacl-

mCardinal

po’ V2TcR- | V2TcR mCardinal V2Lacl SIGFP
sfGFP/V2Lacl-

mCardinal

po’ V2TeR- sfGFp | V2TeR mCardinal V3Lacl SIGFP
/V3Lacl- mCardinal

pUC19-crtEBI - crtEBI

po " V2TcR-crEBI V2TcR CrtEBI

po V2TcR-crtEBIY | V2TcR CrtEBIY

pom V2TcR- | V2TcR crteBl V2Lacl crty
crtEBI/V2Lacl-crtY

po’ V2TcR- | V2TcR CrtEBI V3Lacl orty
crtEBI/V3Lacl-crtY

Note: SEQ ID NOS: are listed in the SEQUENCES section of this paper.

EXAMPLE 13: SYNERGY OF THE DUAL EXPRESSION SYSTEM V2TCR/V2(3)LACI.
[00132] Increasing the copy number in £. coli efficiently boosted production of mCardinal by the
po70V2TcR expression system but had a negative impact in the pc70 V3Lacl expression system
due the toxicity of the transcriptional regulator Lacl. Therefore, the synergistic effect of the duet
expression system po70V2TcR /V3Lacl both controlling mCardinal as different studies
demonstrated that combined promoters enhance production of the target protein. The E. coli strain
containing the duet expression system V2TcR/V3Lacl produced 2-fold and 4-fold less red
fluorescence than the strains containing the V2TcR and V3Lacl when induced with aTc and IPGT
respectively (FIG. 10A). Synergy was observed by the addition of IPTG and aTc to the
V2TcR/V3Lacl strain improving mCardinal production by 1.5-fold against the induction obtained
with aTc alone (FIG. 10A). However, the synergy in mCardinal production in the duet system
reached equal amounts of mCardinal as the V2TcR expression system (FIG. 10A). These results
indicate that the tandem version of the synthetic promoters V2TcR/V3Lacl offer an alternative to
co-express different genes at high levels using different inducers.

[00133] In P. putida the V2TcR and V2lacl expression systems showed the best performance
activating transcription of heterologous proteins. Consequently, we integrated both promoters
controlling expression of mCardinal into the chromosome of this host. Single induction of the dual
system by aTc resulted in induction of mCardinal equivalent to V2TcR system; single induction
of the dual system with IPTG resulted in a 3-fold decrease relative to V2lacl alone (FIG. 10B).
However, the addition of both inducers (aTc+IPTG) increased mCardinal by 1.1-fold over the
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V2TcR and V2lacl expression system, thus showing a minimal synergistic effect of the dual
promoters in P. putida (F1G. 10B).

[00134] The duet expression system V2TcR/V2Lacl decreased substantially the efficiency of the
synthetic promoters in V. natriegens compared to the single expression system counterparts by 12
and 2-fold for V2Lacl and V2TcR after induction with IPTG and aTc, respectively (FIG. 10C).
Co-induction with IPTG + aTc did not have a synergistic effect in mCardinal production, but
reached similar yields as obtained by induction with aTc alone (FIG. 10C). Together, this
information demonstrates that synergy cannot be achieved with the dual expression system
V2TcR/V2(3)Lacl in medium copy plasmids as is the case for £. coli and V. natriegens. On the
contrary, the duet expression system diminishes the activity of each promoter probably due the
constitutive expression of the transcriptional regulators TetR and Lacl, and competition of the 67
for both promoters. In P. putida the duet expression system was directly integrated into the
chromosome and reduced the quantities of the transcriptional regulators TetR and Lacl.
Surprisingly, in this host the V2TcR expression system gained strength in the dual version, the
V2lacl expression system lost efficiency, and synergy was observed, thus indicating that duet

expression system gain performance as single copies in the chromosome of the host bacterium.

EXAMPLE 14: EXPRESSION OF DIFFERENT RECOMBINANT PROTEINS WITH
THE DUAL EXPRESSION SYSTEM V2TCR/V2(3)LACIL.

[00135] Prior to the expression systems provided herein there was not a universal dual expression
system that allows differential expression of distinct set of genes via two independent inducible
promoters that is portable among different Gram-negative species. The V2TcR/V2(3)Lacl dual
expression system demonstrated that it can control the co-expression of mCardinal, although
synergy was only observed in P. putida. Two different reporter proteins were expressed to evaluate
their production in E. coli, P. putida and V. natriegens using the V2TcR/V2(3)Lacl expression
system. The transcriptional unit V2TcR controlling the expression of sfGFP while the V2(3)Lacl
unit controlling mCardinal production.

[00136] The three bacterial species under study containing V2TcR-sfGFP/V2(3)Lacl-mCardinal
expression system showed no green fluorescence in the uninduced state, thus confirming the tight
regulation of the V2TcR expression svstem, however, the V2(3)Lacl-mCardinal is prone to leak
and red fluorescence was observed in the absence of IPTG (FIGS. 11A-11C C). Addition of aTc
induced the production of sfGFP, and similar result was observed with the addition of IPTG which

triggered production of mCardinal. Interestingly, when the cultures were co-induced with aTc +
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IPTG the green and red fluorescence reached similar levels compared with the cultures induced
with only one inducer, thus indicating that both promoters (V2TcR/V2(3)Lacl) are unaffected by
the activation of each other reaching their maximum activity either in their sole activation or their

independent combined activation (FIGS. 11A-11C).

EXAMPLE 15: PRODUCTION OF LYCOPENE AND B-CAROTENE IN E. COLI, P.
PUTIDA AND V. NATRIEGENS WITH THE EXPRESSION SYSTEM V2TCR.

[00137] To decipher the capability of the dual-expression system V2TcR /V2(3)Lacl to produce
natural products we first had to test the ability of the V2TcR expression system to control the
expression of multiple genes, we therefore decided to evaluate the production of lycopene and B-
carotene in L. coli, P. putida and V. natriegens. Lycopene production has already been
demonstrated in E. coli and P. putida via heterologous expression of the lycopene-producing
operon (LYC) containing the crtEBI genes from Pantoea ananatis. Lycopene is the biosynthetic
precursor of B-carotene, thus expression of the LYC operon together with crtY yields B-carotene
production, which also has been demonstrated in £. coli and V. natriegens. The LYC and the
crtEBIY operons were accommodated in the V2TcR expression system and lycopene and B-
carotene production were measured by UHPLC after 4 hours of induction with aTc. In E. coli
production of both, lycopene and B-carotene, was achieved but the induced culture produced only
1.7 and 1.2-fold more lycopene and B-carotene respectively than the uninduced culture, thus
demonstrating that the tight control of the V2TcR can’t totally repress the expression of the crtEBI
and crtEBIY genes (FIGS. 12A-12B). Lycopene biosynthesis in £. coli using the pET expression
system also demonstrated abundant leakage and production of 170 mg/L lycopene after 40 hours
of induction, 1.1-fold more than the uninduced culture. Despite the V2TcR expression system
produced 94 mg/L., this was achieved after 4 hours of induction, against the 40 hours reported with
the pET expression system. This result confirms the advantage of the V2TcR expression system
over the pET expression system as described in Examples 2-10. In P. putida and V. natriegens
containing the V2TcR-crtEBI (SEQ ID NO: 70) and V2Tc¢R-crtEBIY (SEQ ID NO: 71)
transcriptional units no lycopene or B-carotene production was observed in the uninduced state,
and activation of by aTc yielded production of the terpenoids (FIGS. 12A-12B). P. putida was
reported to produce 1.22 ng/mL of lycopene after 24 hours of growth with the pPSEV A421 vector,
with the V2TcR expression system lycopene production reached 17 mg/L after 4 hours of
cultivation, which is a substantial increment (13.000x), and B-carotene production by P. putida

reached 840 mg/L, the highest among the three species under study (FIG. 12). V. natriegens was
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reported to produce 2.93 mg/L of B-carotene, while the V2TcR expression system achieved 597
mg/L of B-carotene and 31 mg/L of lycopene. These results demonstrate that the V2TcR can be

efficiently programmed for production of biosynthetic gene clusters in Gram-negative bacteria.

EXAMPLE 16: COORDINATED EXPRESSION OF THE LYCOPENE AND B-
CAROTENE BIOSYNTHETIC GENE CLUSTERS (BGC) WITH THE DUAL
EXPRESSION SYSTEM V2TCR/V2(3)LACI.

[00138] Natural products are encoded by BGC and ability to activate each gene at a different time
point with a different inducer represent an advantage when the genes are toxic, or the metabolites
produce by the BGC affect the cell growth of the heterologous host. As provided herein, the V2TcR
expression system can activate the production of lycopene and B-carotene. In order to control the
production of B-carotene with two different inducers, aTc and IPTG were used. The LYC operon

was incorporated to the V2TcR expression system and the crtY gene was controlled by the
V2(3)Lacl expression system. The plasmid pom V2TcR-crtEBI/V3Lacl-crtY (SEQ ID NO: 73)

was transformed into £. coli and the plasmid po’’ V2TeR-crtEBI/V2lacl-crtY (SEQ ID NO: 72)
was transformed into P. putida and V. natriegens. In the three bacteria species no lycopene
production was observed despite the V2TcR expression system was controlling the crtEBI genes
and activation by aTc should trigger production of lycopene (FIG. 13A). This result is explained
in E. coli by the leakage of the crtEBIY genes under the control of the synthetic promoters V2TcR
and V3Lacl, demonstrating the high processivity of the B-carotene BGC to metabolize the
endogenous IPP isopentenyl diphosphate directly into B-carotene. However, the V2TcR-crtEBI
showed no leakage in £, putida and V. natriegens, but the V2lacl expression system was reported
to leak, consequently, the lycopene produced after addition of aTc is directly transformed into B-
carotene by the CrtY present in the cells due its minimal expression and high processivity.

[00139] B-carotene production in £ coli was observed no matter the absence or presence of the
inducers aTc and IPTG (FIG. 13B), thus demonstrating that the V2TcR/V3Lacl expression system
failed to keep downregulated the B-carotene BGC in in this host. In P, putida and V. natriegens B-
carotene production was only achieved when the cultures were induced with aTc or with aTc +
IPTG (FIG. 13A). IPTG induction alone did not conduce to B-carotene production because the
crtEBI genes were not transcribed by the V2TcR expression system. Addition of aTc resulted in
B-carotene levels similar to induction with aTc + IPTG (FIG. 13A), thus indicating that the
minimal leakage of the V2lacl-crtY is sufficient to metabolize the lycopene produced by the

V2TcR-crtEBI into B-carotene.
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[00140] Importantly, the yields of B-carotene reached by £ coli were always lower than the
production achieved by P, putida and V. natriegens. Thus, P. putida can be used to produce complex
biosynthetic gene clusters. Therefore, a dual expression system developed in this study expands
the genetic tool kit of P. putida to produce complex proteins. Also, ¥ natriegens outperformed E.
coli, and the dual expression system allowed higher production of B-carotene compared with the
V2TcR by 1.2-fold. Together these results demonstrate the potential of the dual expression system

presented here to fully capitalize the potential of heterologous host in industrial applications.
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SEQUENCES
FIG. 2A Sequences:
Lac (SEQ ID NO: 3)
AGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGCGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGC
TATG

lacUVS (SEQ ID NO: 4)
AGGCTTTACACTTTATGCTTCCGGCTCGTATAATGT GTGGAATT GTGAGCGGATAACAATTTCACACAGGAAACAGC
TATG

tacl (SEQ ID NO: 5)
GAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATT GTGAGCGGATAACAATTTCACACAGGAAACAGA
ATCATATG

Vllac (SEQ ID NO: 6)
AGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGT GGAATT GTGAGCGGATAACAACGCAGTAAGAGAGGAATG
TACATATG

V2lac (SEQID NO: 7)
GAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGGAATTGT GAGCGGATAACAACGCAGTAAGAGAGG
AATGTACATATG

V3lac (SEQ ID NO: 8)
AGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGGAATTGTGAGCGCGATAACAAGTGGAATTGTGAGCG
GATAACAATTTCACACAGGAAACAGAATCATATG

Vdlac (SEQ ID NO: 9)
CTTTATGCTTCCGGCTCGTTGACAGTGTGGAATTGTGAGCGGATAACAATATAATGTGTGGAATTGT GAGCGGATAA
CAATTTCACACAGGAAACAGAATCATATG

FIG. 2B Sequences:

Tet (SEQ ID NO: 10)
GGATCCTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAATG

V1Te (SEQ ID NO: 11)
GGATCCTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT GATAGAGACGCAGTAAGAGAGGAAT
GTACATATG
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V2Tc (SEQ ID NO: 12)
GAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTATCAGT GATAGAGACGCAGTAAGAGAGGAATGT
ACATATG

V3Te (SEQID NO: 13)
GAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGTGATAGAGAGT GGAATTGTGAGCGGATA
ACAATTTCACACAGGAAACAGAATCATATG

V4Tc (SEQ ID NO: 14)
TTGACACTCTATCATTGATAGAGTTTGACATCCCTATCAGTGATAGAGATATAATCTGTGGCGAATTGTGAGCGGATAA
CAATTTCACACAGGAAACAGAATCATATG

SEQ ID NOS: 15-38 are provided in Table 2.

SEQ ID NOS: 39-43 are provided in Example 2.

SEQ ID NOS: 44-53 arc provided in the Detailed Description.

FIG. 14 Full-length Sequence:

V2Tc/tetR-V2lac/lacl (SEQ ID NO: 54)

GAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTT CCCTATCAGTGATAGAGACGCAGTAAGAGAGGAAT GT
ACATATGAAGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGARAGGGGGGCCTTTTTTCGTTTT GGTCCGAA
TTCTTGACAGCTAGCTCAGTCCTAGGTATAAT GCTAGC CGCAGTANGAGAGCAATGTACACATGTCCCGCCTGGATA
AATCGAAAGTGATTAACTCGGCCCTCGAATTGCTGAAT GAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCA
CAAAAGTTGGGGGTGGAGCAACCCACGTTGTATTGGCACGTCAAAAATAAGCGGGCATTGCTGGATGCCCTCGCTAT
TGAAATGTTGGATCGCCACCATACCCATTTCTGTCCACTGGAGGGCGAGT CCTGGCAGGACTTTCTCCGCAACAACG
CGAAATCCTTTCGCTGTGCACTCTTGTCCCAT CGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAARA
CAATACGAAACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTT GGAGAAT GCTCTCTATGCGCT
CTCGGCTGTCGGGCACTTTACGTTGGGGTGCGTGTTGGAGGACCAGGAGCAT CAAGTCGCARAAAGAGGAGCGTGARA
CCCCAACCACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCC
TTCCTCTTTGGGCTGGAGCTGATTATCTGCGGTTTGGAAAAACAACTCAAGTGTGAAAGCGGGTCCTAACTGCAGTC
ACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTT
TGCGTATTGGGCGCCAGGETGGTTTTTCTT TTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCC
CTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTT GATGGTGGTTAACGGCG
GGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCG
GTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAG
CATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGC
GAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATT
TGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTT CATGGGAGAAAATAATACTGT TGAT
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GGGTGTCTGGT CAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGT
CATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCG
ACGCCGCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGAT CGGCGCGAGATTTAATCGCCGCGACAAT
TTGCGACGGCGCGETGCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTITGTG
CCACGCGGTTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTG
GCCTGGTTCACCACGCGGGAAACGGT CTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTT
CACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGG
TGTCCGGGATCTCGACGCTCTCCCTTATGCCGACTCCTGCATTAGCGAAGCAGCCCAGTAGTAGCGTTGAGGCCGTTGAG
CACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGAT GGCGCCCAACAGTCCCCCGGCCACGGGGagtcaaaagecte
cggteggaggettttgactTCTAGAGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGGAATTGTGA
GCGGATAACAACGCAGTAAGAGAGGAATGTACCCATGGCCATGGCTCGAGgacgaacaataaggecteceetaacggyg

gggccttttttattgataacaaaa

Additional sequences:

V2Tc/tetR-V3lac/lacl (SEQ ID NO: 55)

GAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGTGATAGAGACGCAGTAAGAGAGGAATGT
ACATATGAAGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAA
TTCTTGACAGCTAGCTCAGTCCTAGGTATAAT GCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATA
AATCGAAAGTGATTAACTCGGCCCTCGAATTGCTGAATGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCA
CANNAGTTGGGCGGETGCAGCANCCCACCTTCTATTGGCACGTCANNANNTANGCGGGCATTGCTGCGATGCCCTCGCTAT
TGAAATGTTGGATCGCCACCATACCCATTTCTGTCCACTGCGAGGGCGAGT CCTGGCAGGACTTTCTCCGCAACAACG
CGAAATCCTTTCGCTGTGCACTCTTGTCCCATCGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAAA
CAATACGAAACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCT
CTCGGCTGTCGGGCACTTTACGTTGGGGTGCGTGTTGGAGGACCAGGAGCAT CAAGTCGCAAAAGAGGAGCGTGAAA
CCCCAACCACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCC
TTCCTCTTTGGGCTGGAGCTGATTATCTGCCGTTTGCCGANNNNCANCTCANAGT GTGANNGCGGGTCCTANCTGCAGTC
ACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGETT
TGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCC
CTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCG
GGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCG
GTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCAT CGCAGTGGGAACGATGCCCTCATTCAG
CATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGC
GAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATT
TGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGAT
GGGTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGT
CATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCG
ACGCCGCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAAT
TTGCGACGGCGCGTGCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACCGACTGTTTGCCCGCCAGTTGTTGTG
CCACGCGGTTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGLTG
GCCTGGTTCACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTT
CACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGG
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TGTCCGGGATCTCGACGCTCTCCCTTATGCCGACTCCTGCATTAGCGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAG
CACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGagtcaaaagecte
cggtcggaggettttgactTCTAGAGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGT GGAATTGT GA
GCGGATAACAAGT GGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGAATCCCATGGCTCGAGgacgaacaat

aaggcctccctaacggggggecttttttattgataacaaaa

Table 3. List of Plasmids

pe ' V2TcR-mCardinal (SEQ ID NO: 56)

ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGT GATAGAGACGCAGTAAGAGAG
GAATGTACATATGGTGAGTAAGGGTGAGGAGCTCATTAAGGAGAACATGCACATGAAGCTGTATATGGAGGGCACCG
TAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCAGACCCAACGCATCAAG
GTCGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTATGTACGGCTCGAAGACCTTCAT
CAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTTCACCTGGGAGCGCGT CACCACGT
ATGAAGACGGTGGGGETGCTCACCGTGACCCAGGACACGAGCTTGCAGGATGGCTGCTTGATTTACAACGTCAAGCTG
CGCGGGGTGAACTTCCCTAGCAACGGGCCAGTGATGCAGAAAAAGACGCTGGGTTGGGAGGCCACCACCGAGACCCT
GTACCCGGCCGACGGGGEGGGCTGGAAGGGCGETGCGATATGGCCCTGAAATTGGTCGGCGGCGGTCATTTGCACTGCA
ATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAANCCTGAAGATGCCTGGTGTTTATTTTGTCGACCGGLCGC
CTGGAGCGCATCAAGGAAGCGGACAATGAGACGTACGTGGAACAGCACGAAGTGGCCGTGGCTCGTTATTGCGATCT
GCCGTCGAAGCTGGGTCACAAACTGAACGGCATGGATGAGCTGTACAAAGATTATAAGCGATGATGACGACAAGTAAA
AGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTCTTGAC
AGCTAGCTCAGTCCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATAAATCGARAA
GTGATTAACTCGGCCCTCGAATTGCTGAATGCGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCACAAANGTT
GGGGGTGGAGCAACCCACGTTGTATTGGCACGTCAAAAATAAGCGGGCATTGCTGGATGCCCTCGCTATTGAAATGT
TGGATCGCCACCATACCCATTTCTGTCCACTGGAGGGCGAGTCCTGGCAGGACTTTCTCCGCAACAACGCGAAATCC
TTTCGCTGTGCACTCTTGT CCCATCGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAAACAATACGA
AACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCTCTCGGCTG
TCGGGCACTTTACGTTGGGGTGCGTGTTGCGAGGACCAGGAGCAT CAAGTCGCAAAAGAGGAGCGTGAAACCCCAACC
ACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCCTTCCTCTT
TGGGCTGGAGCTGATTATCTGCGGTTTGGAAAAACAACTCAAGTGTGAAAGCGGGTCCTAACTGCAGTCTAGACCAT

GGctcgag

V2lacI-mCardinal (SEQ ID NO: 57)

GGATCCGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGCGAATTGTGAGCGGATAACAACGCAGTAA
GAGAGGAATGTACATATGGTGAGTAAGGGTGAGGAGCTCATTAAGGAGAACATGCACATGAAGCTGTATATGCAGGG
CACCGTAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCAGACCCAACGCA
TCAAGGTCGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTATGTACGGCTCGAAGACC
TTCATCAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTTCACCTGGGAGCGLCGETCAC
CACGTATGAAGACGGTGGGGTGCTCACCGTGACCCAGGACACGAGCTTGCAGGATGGCTGCTTGATTTACAACGTCA
NGCTGCGCGGGGTGANCTTCCCTAGCANCGGCGCCAGTGAT GCACNANNNNGNCGCTGCGGETTGGCGAGGCCNACCNACCGAG
ACCCTGTACCCGGCCGACGGGGGGCTGGAAGGGCGETGCGATATGGCCCTGAAATTGGTCGGCGGCGGETCATTTGCA

CTGCAATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAARACCTGAAGATGCCTGGTGTTTATTTTGTCGACC
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GGCGCCTGGAGCGCATCAAGGAAGCGGACAAT GAGACGTACGTGGAACAGCACGAAGTGGCCGTGGCTCGTTATTGC
GATCTGCCGTCGAAGCTGGGTCACAAACTGAACGGCATGGATGAGCTGTACAAAGATTATAAGGATGATGACGACAA
GTAAAAGCTTCTCGGTACCAAATTCCAGAARAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTC
CCCCGTGGCCGGGGGACTGTTGGGCGCCATCTCCTTGCATGCACCATTCCTTGCGGCGGCGGTGCTCAACGGCCTCA
ACCTACTACTGGGCTGCTTCCTAATGCAGGAGTCGCATAAGGGAGAGCGTCGAGATCCCGGACACCATCGAATGGCG
CAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGT CAATTCAGGGTGGT GAAT GT GAAACCAGTAACGT
TATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCT
GCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCGCGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGC
GGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGLGA
TTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGCTAGAACCAAGCGGCGTCGAAGCCTGTARA
GCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGT GGGCTGAT CATTAACTATCCGCT GGAT GACCAGGATGCCAT
TGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTA
TTTTCTCCCATCGAAGACCGTACGCGACTGGCCGTGCAGCATCTGCTCCCATTGGGTCACCACCAAATCGCGCTGTTA
GCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATAT CTCACTCGCAAT CAAATTCA
GCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTT CAACAAACCATGCAAAT GCTGAATGAGGGCA
TCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGT CCGGGLTG
CGCGTTGGTGCGGATATCTCGGTAGT GGGATACGACCGATACCGAAGACAGCTCATGTTATATCCCGCCGTTAACCAC
CATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACT CTCTCAGGGCCAGGCGGTGA
AGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAARACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCC
CGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGACTGCAGCTCGA
G

po’ . V3LacI-mCardinal (SEQ TD NO: 60)

GGATCCGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGT GTGGAATTGTGAGCGGATAACAAGTGGAATT
GTGAGCGGATAACAATTTCACACAGGAAACAGAATCATATGGTGAGTAAGGGTGAGGAGCTCATTAAGGAGAACATG
CACATGAAGCTGTATATGGAGGGCACCGTAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTA
CGAGGGCGACGCAGACCCAACGCATCAAGCTCCTGGAGGGCGGCCCGCTGCCTTTCGCATTCCACATTCTGGCGACCT
GTTTTATGTACGGCTCGAAGACCTTCATCAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAG
GGCTTCACCTGGGAGCGCGTCACCACGTATGAAGACGGTGGEGGETGCTCACCGTGACCCAGGACACGAGCTTGCAGGA
TGGCTGCTTGATTTACAACGTCAAGCTGCGCGGGGETGAACTTCCCTAGCAACGGGCCAGTGATGCAGAAAAAGACGC
TGGGETTGGGAGGCCACCACCGAGACCCTGTACCCGGECLCGACGGEEGEGLTGGAAGGGCEETGCGATATGGCCCTGARA
TTGGTCGGCGGCGGTCATTTGCACTGCAATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAAACCTGAAGAT
GCCTGGTGTTTATTTTGCTCGACCGGCGCCTGCGAGCGCATCANGCGANGCGENACANT GAGACCTNACGTGGNANCNAGCNACG
AAGTGGCCGTGGCTCGTTATTGCGATCTGCCGTCGAAGCTGGGT CACAAACT GAACGGCATGGATGAGCTGTACAAA
GATTATAAGGATGATGACGACAAGTAAAAGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGELT
TTTTTTCGTTTTGGTCCGAATTCCCCCGTGGCCGGEGEEGACTCTTGGGECGCCATCTCCTTGCATGCACCATTCCTTGC
GGCGGCGGETGCTCAACGGCCTCAACCTACTACTGGGCTGCTTCCTAATGCAGGAGT CGCATAAGGGAGAGCGETCGAG
ATCCCGGACACCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGT CAATTCAGGGT
GGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGEGT GG
TGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGCGAAGCGGCGATGGCGGAGCTGAATTACATTCCC
AACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTCGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGL
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GCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGAT GGTAGAAC
GAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGAT CATTAACTAT
CCGCTGGATGACCAGGATGCCATTGCTGTGCAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGA
CCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGG
GTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCT GGCATAAA
TATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAAC
CATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGC
GCGCCATTACCGAGTCCGGGCTGCGCGTTGETGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCA
TGTTATATCCCGCCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCA
ACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGLGC
CCAATACGCAAACCGCCTCTCCCCGCGCGETTGGCCGATTCATTAAT GCAGCT GGCACGACAGGTTTCCCGACT GGAA
AGCGGGCAGTGACTGCAGCTCGAG

p6’ V2TeR-sfGFP (SEQ ID NO: 61)
GGATCCGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGTGATAGAGACGCAGTAAGAGAG
GAATGTACATATGTCCAAAGGTGAAGAGCTGTTTACCGGCGTCGTGCCCATTCTGGTGGAGCTGCGATGGCGACGTCA
ACGGGCACAAGTTTAGCGTCCGTGGCGAAGGTGAGGGCGACGCCACGAACGGTAAGCTGACGCTGAAATTCATTTGC
ACCACCGGCAAATTGCCTGTACCCTGGCCCACCCTGGTGACCACGCTCACCTACGGCGTACAGTGCTTCAGCCGTTA
CCCGGACCACATGAAGCGTCACGACTTCTTCAAAAGCGCCATGCCGGAGGGETTACGTGCAGGAGCGTACGATTAGTT
TCAAGGACGACGGCACCTATAAGACCCGTGCCGAAGTGAAGTTCGAAGGCGATACGTTGGTGAACCGTATCGAGTTG
AAGGGTATCGACTTTAAGGAAGACGGCAACATCCTGGGCCATAAGCTGGAGTACAATTTCAACAGCCATAACGCTTTA
CATCACCGCCGATAAACAGAAGAACGGCATTAAAGCCAACTTTAAGATCCGCCACAACGTCGAAGACGGCTCGGETGC
AGCTGGCCGACCATTATCAGCAAAACACCCCCATCGGTGATGGGCCCGTGCTGCTGCCGGATAACCATTATCTGAGC
ACGCAGTCGGTGCTCAGCAAGGACCCTAACGAAANGCGCGATCACATGGTGCTGCTGGAGTTCGTCACGGCGGCGGG
GATCACCCATGGGATGGACGAGCT CTACAAAGACTATAAAGATGACGATGACAAGTAAAAGCTTCTCGGTACCAAAT
TCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTCTTGACAGCTAGCTCAGTCCTAGG
TATAATGCTAGCCGCAGTAAGAGCAGCAATGCTACACATGTCCCGCCTGGATAAATCGAAAGTGATTAACTCGGCCCTC
GAATTGCTGAATGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCACAAAAGTTGGGGGTGGAGCAACCCAC
GTTGTATTGGCACGTCAAAAATAAGCGGGCATTGCTGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCC
ATTTCTGTCCACTGGAGGGCGAGT CCTGGCAGGACTTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACTCTTG
TCCCATCGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAAACAATACGAAACCTTGGAAAATCAATT
GGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTT GG
GGTGCGTGTTGGNAGGACCAGGAGCAT CANGTCCGCANNNGNAGGNAGCCTGNAANCCCCANCCNACGGNACTCGATGCCACCT
CTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTAT
CTGCGGTTTGGAAAANACAACTCAAGTGTGAAAGCGGGT CCTAACTGCAGCTCGAG

pe . V2lacl-sfGFP (SEQ ID NO: 62)

GGATCCGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGT GTGTGGAATTGTGAGCGGATAACAACGCAGTAA
GAGAGGAATGTACATATGTCCAAAGGTGAAGAGCTGTTTACCGGCGETCETGCCCATTCTGETGGAGCTGGATGGLGA
CGTCAACGGGCACAAGTTTAGCGT CCGTGGCGAAGGTGAGGGCGACGCCACGAACGGTAAGCTGACGCTGAAATTCA
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TTTGCACCACCGGCAAATTGCCTGTACCCTGGCCCACCCTGGTGACCACGCTCACCTACGGCGTACAGTGCTTCAGC
CGTTACCCGGACCACATGAAGCGTCACGACTTCTTCAAAAGCGCCATGCCGGAGGGTTACGTGCAGGAGCGTACGAT
TAGTTTCAAGGACGACGGCACCTATAAGACCCGTGCCGAAGTGAAGTTCGAAGGCGATACGTTGGTGAACCGTATCG
AGTTGAAGGGTATCGACTTTAAGGAAGACGGCAACATCCTGGGCCATAAGCTGGAGTACAATTTCAACAGCCATAAC
GTTTACATCACCGCCGATAAACAGAAGAACGGCATTAAAGCCAACTTTAAGATCCGCCACAACGTCGAAGACGGCTC
GGTGCAGCTGGCCGACCATTATCAGCAAAACACCCCCATCGGTGATGGGCCCGTGCTGCTGCCGGATAACCATTATC
TGAGCACGCAGTCGGTGCTCAGCAAGGACCCTAACGAAAAGCGCGATCACATGGTGCTGCTGGAGTTCGTCACGGCG
GCGGGGATCACCCATGGGATGGACGAGCTCTACAAAGACTATAAAGATGACGATGACAAGTAAAAGCTTCTCGGTAC
CAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTCCCCCGTGGCCGGGGGACT
GTTGGGCGCCATCTCCTTGCATGCACCATTCCTTGCGGCGGCGGTGCTCAACGGCCTCAACCTACTACTGGGCTGCT
TCCTAATGCAGGAGT CGCATAAGGGAGAGCGCT CGAGAT CCCGGACACCAT CGAATGGCGCAAAACCTTTCGCGGTAT
GGCATGATAGCGCCCGGAAGAGAGTCAATT CAGGGT GGTGAATGTGAAACCAGTAACGTTATACGAT GT CGCAGAGT
ATGCCGGTCTCTCTTATCAGACCGTTTCCCCCGTGCTCAACCAGCCCAGCCACCTTTCTGCCAAAACGCGCCAANAA
GTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCT
GATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATC
AACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTT
CTCGCGCAACGCGTCAGTGGGCTGAT CATTAACTAT CCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTG
CACTAATGTTCCGGCGTTATTTCTTGATGT CTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACG
GTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGT CACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCT
GTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGA
AGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGC
TGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATC
TCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTTTCG
CCTGCTGGGGCARACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAAT CAGCTGTTGC
CCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCARAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGACTGCAGCTCGAG

po’ . V3LacI-sfGFP (SEQ ID NO: 63)

GGATCCGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGT GTGGAATTGTGAGCGGATAACAAGTGGAATT
GTGAGCGGATAACAATTTCACACAGGAAACAGAATCATATGTCCAAAGGTGAAGAGCTGTTTACCGGCGTCGETGCCC
ATTCTGGTGGAGCTGGATGGCGACGTCAACGGGCACAAGTTTAGCGTCCGETGGCGAAGGTGAGGGCGACGCCACGAA
CGGTAAGCTGACGCTGAAATTCATTTGCACCACCGGCAAATTGCCTGTACCCTGGCCCACCCTGGTGACCACGCTCA
CCTACGGCGTACNAGTGCTTCAGCCGTTNACCCGCGNACCACNATGANGCCGTCACGACTTCTT CANNNGCGCCATGCCGEAG
GGTTACGTGCAGGAGCGTACGATTAGTTTCAAGGACGACGGCACCTATAAGACCCGTGCCGAAGTGAAGTTCGAAGG
CGATACGTTGGTGAACCGTATCGAGTTGAAGGGTATCGACTTTAAGGAAGACGGCAACATCCTGGGCCATAAGCT GG
AGTACAATTTCAACAGCCATAACGTTTACATCACCGCCGATAAACAGAAGAACGGCATTAAAGCCAACTTTAAGATC
CGCCACAACGTCGAAGACGGCTCGGTGCAGCTGGCCGACCATTATCAGCAAAACACCCCCATCGGTGATGGGECCCGET
GCTGCTGCCGGATAACCATTATCTGAGCACGCAGTCGGTGCTCAGCAAGGACCCTAACGAAAAGCGCGATCACATGG
TGCTGCTGGAGTTCGTCACGGCGGCGGGGATCACCCATGGGATGGACGAGCTCTACAAAGACTATAANAGATGACGAT
GACAAGTAAAAGCTTCTCGGTACCAAATTCCAGAAANAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCG
AATTCCCCCGETGGCCGEGEEGEGACTGETTGEGGCGCCATCTCCTTGCATGCACCATTCCTTGCGGCGGCGEGETGCTCAACGG
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CCTCAACCTACTACTGGGCTGCTT CCTAATGCAGGAGT CGCATAAGGGAGAGCGT CGAGATCCCGGACACCATCGAA
TGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGCGTGGTGAATGTGAAACCAGT
AACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACG
TTTCTGCGAAAACGCGGGAAAANGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAA
CTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGC
GGCGATTAAATCTCGCGCCGAT CAACTGGGTGCCAGCGTGGTGGTGT CGATGGTAGAACGAAGCGGCGT CGAAGCCT
GTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGAT CATTAACTATCCGCTGGATGACCAGGAT
GCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAG
TATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAAATCGLGC
TGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAA
ATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAAT GA
GGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCG
GGCTGCGCGTTGGTGCCCGATATCTCGCTAGTCGCCGATACCACCATACCCAACGACAGCTCATGCTTATATCCCGCCGTTA
ACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGC
GGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAARAAACCACCCTGGCGCCCAATACGCAAACCGLCCT
CTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGARAAGCGGGCAGTGACTGCAG
CTCGAG

pJHO0204F (SEQ ID NO: 64)

aaaaggatctaggtgaagatcctttttgataatctecatgaccaaaatcecccttaacgtgagttttegttecactgage
gtcagaccccgtagaaaagatcaaaggatettecttgagatecctttttttictgegegtaatectgetgettgeaaacaa
aaaaaccaccgctaccagcecggtggtttgtttgececggatcaagagectaccaactettttteccgaaggtaactggette
agcagagcgcagataccaaatactgttettctagtgtageegtagttaggeccaccacttcaagaactetgtageace
gcctacatacctegetetgetaatectgttaccagtggetgectgecagtggegataagtegtgtettacegggttgg
actcaagacgatagttaccggataaggcgecagecggtecgggctgaacggggggttcgtgecacacagececcagettggag
cgaacgacctacaccgaactgagatacctacagegtgagetatgagaaagegecacgettececegaagggagaaagge
ggacaggtatcecggtaageggecagggtecggaacaggagagegecacgagggagetteccagggggaaacgeetggtate
tttatagtcctgtcgggtttegecacctetgacttgagegtecgatttttgtgatgetegtcaggggggeggagecta
tggaaaaacgccagecaacgceggcectttttacggtteectggecttttgetggecttttgetcacatgttetttectge
gttatcccecctgattectgtggataaccgtattacegectttgagtgagetgatacegetecgecgecagecgaacgaccy
agcgcagcegagtcagtgagcgaggaagcggaagagegeccaatacgecaaaccgectctgggagaccagaaacaaaaa
aaggccgcgttageggecttecaataattggacctggetectaactgatttttaaggegactgatgagtegecttttt
tttgtctaatcagaagaactcecgtcaagaaggcgatagaaggcgatgecgetgegaategggageggegataccgtaaa
gcacgaggaagcggtcagcceccattegeccgecaagetcettcagecaatatcacgggtagecaacgetatgtectgatag
cggtccgccacacccagecggecacagtcgatgaatccagaaaageggecattttecaccatgatatteggecaagea
ggcatcgceccatgCgtecacgacgagatcctegecgtegggecateegegecttgagectggecgaacagtteggetggeg
cgagccccectgatgectecttegtecagatcatectgatcgacaagaccggettccatececgagtacgtgetegetegatyg
cgatgtttegettggtggtecgaatgggecaggtageeggatcaagegtatgecagecgecgeattgeatecagecatgat
ggatactttctecggcaggagcaaggtgagatgacaggagatcectgececggecacttegeccaatagecagecagtece
ttccececgettecagtgacaacgtcgagcacagctgegecaaggaacgeecgtegtggeccagecacgatageegegetgece
tegtecttggagttcattcagggcaccggacaggteggtettgacaaaaagaaccgggegececctgegetgacagecyg
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gaacacggcggcatcagagcagccgattgtctgttgtgeccagtcatagecgaatagecteteccaceccaageggecyg
gagaacctgcgtgcaatccatecttgttcaatcatgegaaacgatcectecatectgtetettgatcagatettgatece
ctgecgccatcagatceccttggeggcaagaaagecatecagtttactttgecagggettceccaacettaccagagggege
cccagctggecaattceceggttegettgetgteccataaaacegeccagtctagetategecatgtaageccactgecaag
ctacctgetttetectttgegettgegtttteeccttgteccagatageccagtagetgacattcateccgggacgtegtyg
cceccaactggggtaacctttgagttetectecagttgggggatecgatagtcaaaagecteceggteggaggettttgact
agcacctcggtaccaaattccagaaaagaggccteccgaaaggggggecttttttegttttggtecggatccCATAT
GAAGCTTGAATTCCTGCAGTCTAGACCATGGectecgaggacgaacaataaggecteecctaacggggggecttttttat
tgataacaaaaatccacaaggaaaaattaaaggggagataaaatccceccetttttggttaactgeggecgegtegtyg
gtttgtctggtecaaccacegcggtctecagtggtgtacggtacaaaccceccgacgctagecaacgcatgagaaagecece
ggaagatcaccttccgggggettttttattgegetgegggtgecagggegtgeccttgggetecececgggegegtact

cc

pe V2TcR-mCardinal/V2Lacl-mCardinal (SEQ 1D NO: 65)

ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGT GATAGAGACGCAGTAAGAGAG
GAATGTACATATGGTGAGCTAAGGGTGAGCGAGCTCATTAAGGAGCGAACATGCACATGAAGCTCTATATGGCGAGGGCACCG
TAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCAGACCCAACGCATCAAG
GTCGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTATGTACGGCTCGAAGACCTTCAT
CAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTTCACCTGGGAGCGCGT CACCACGT
ATGAAGACGGETGGGGETGCTCACCGTGACCCAGGACACGAGCTTGCAGCGAT GGCTGCTTGATTTACAACGTCAAGCTG
CGCGGGGTGAACTTCCCTAGCAACGGGCCAGTGATGCAGAAAAAGACGCTGGGTTGGGAGGCCACCACCGAGACLCCT
GTACCCGGCCGACGGGGGGCTGCGAAGGGCGCTGCCGATATGGCCCTCAAATTGGTCGGCGGCGGTCATTTGCACTGCA
ATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAANACCTGAAGATGCCTGGTGTTTATTTTGTCGACCGGLGC
CTGGAGCGCATCAAGGAAGCGGACAATGAGACGTACGTGGAACAGCACGAAGTGGCCGTGGCTCGTTATTGCGATCT
GCCGTCGAAGCTGGGTCACAAACTGAACGGCATGGATGAGCTGTACAAAGATTATAAGCGATGATGACGACAAGTAAA
AGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGEGGGCCTTTTTTCGTTTTGGTCCGAATT CTTGAC
AGCTAGCTCAGTCCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATAAATCGARA
GTGATTNANACTCGGCCCTCGNANTTGCTGANT GANCGTCGGTATCCGAGGGGCTGACGACCCGTANNTTGGCACNNNANGTT
GGGGGTGGAGCAACCCACGTTGTATTGGCACGTCAAAAATAAGCGGGCATTGCTGGATGCCCTCGCTATTGAAATGT
TGGATCGCCACCATACCCATTTCTGTCCACTGGAGGGCGAGTCCTGGCAGGACTTTCTCCGCAACAACGCGAAATCC
TTTCGCTGTGCACTCTTGTCCCATCGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAANACAATACGA
AACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCTCTCGGLTG
TCGGGCACTTTACGTTGGGGTGCGTGTTGCGAGGACCAGGAGCAT CAAGTCGCAAAAGAGGAGCGTGAAACCCCAACC
ACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCCTTCCTCTT
TGGGCTGGAGCTGATTATCTGCGGTTTGGAAAAACAACTCAAGT GTGAAAGCGGGTCCTAACTGCAGTCACTGCCCG
CTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATT
GGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGA
GTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAA
CATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCGGTAATGEGC
GCGCATTGCGCCCAGCGCCATCTGATCGTTGCGGCAACCAGCATCGCAGTGGCGAACGATGCCCTCATTCAGCATTTGCA

TGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGA
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TATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTG
ACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCT
GGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAAT GGCATCCTGGT CATCCAGC
GGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCT
TCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACG
GCGCGTGCAGGGCCAGACT GGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGLGG
TTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTT
CACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTTCACATTCA
CCACCCTGAATTGACTCTCTTCCGGGCGCTAT CATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGE
ATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGLCG
CCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGagtcaaaageecteceggtegga
ggcttttgactTCTAGAGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGCAATTGT GAGCGGATAA
CAACGCAGTAAGAGAGGAATGTACCCATGGTCAGTAACGGTCAGCAGCTCATTAAGCGAGAACATGCACATGAAGCTG
TATATGGAGGGCACCGTAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCA
GACCCAACGCATCAAGGTCGTGGAGGGCGGCCCGECTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTATGTACG
GCTCGAAGACCTTCATCAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTTCACCTGG
GAGCGCGTCACCACGTATGAAGACGGTGGGGETGCTCACCGTGACCCAGGACACGAGCTTGCAGGATGGCTGCTTGAT
TTACAACGTCAAGCTGCGCGGGGT GAACTTCCCTAGCAACGGGCCAGTGATGCAGAANAAGACGCTGGGTTGGGAGG
CCACCACCGAGACCCTGTACCCGGCCGACGGGGGGCTGGAAGGGCGGTGCCGATATGGCCCTGAAATTGGTCGGCGGL
GGTCATTTGCACTGCAATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAAACCTGAAGATGCCTGGTGTTTA
TTTTGTCGACCGGCGCCTGGAGCGCATCAAGGAAGCGGACAATGAGACGTACGT GGAACAGCACGAAGT GGCCGT GG
CTCGTTATTGCGATCTGCCGTCGAAGCTGGGT CACAAACT GAACGGCATGGATGAGCT GTACAAAGATTATAAGGAT
GATGACGACAAGTAACTCGAG

pe . V2TeR-mCardinal/V3LacI-mCardinal (SEQ ID NO: 66)

ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGT GATAGAGACGCAGTAAGAGAG
GAATGTACATATGGTGAGTAAGGGTGAGGAGCTCATTAAGGAGAACATGCACATGAAGCTGTATATGGAGGGCACCG
TAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCAGACCCAACGCATCAAG
GTCGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTATGTACGGCTCGAAGACCTTCAT
CAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTTCACCTGGGAGCGCGT CACCACGT
ATGAAGACGGTGGGGTGCTCACCGTGACCCAGGACACGAGCTTGCAGGATGGCTGCTTGATTTACAACGTCAAGCTG
CGCGGGGTGAACTTCCCTAGCAACGGGCCAGTGATGCAGAAAAAGACGCTGGGTTGGGAGGCCACCACCGAGACLCCT
GTACCCGGCCGACGGGGEGGCTGGAAGGGCGGETGCGATATGGCCCTGAAATTGGTCGGCGGCGGETCATTTGCACTGECA
ATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAANACCTGAAGATGCCTGGTGTTTATTTTGTCGACCGGLGC
CTGGAGCGCATCAAGGAAGCGGACAATGAGACGTACGTGGAACAGCACGAAGTGGCCGTGGCTCGTTATTGCGATCT
GCCGTCGAAGCTGGGTCACAAACTGAACGGCATGGATGAGCTGTACAAAGATTATAAGCGATGATGACGACAAGTAAA
AGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTCTTGAC
AGCTAGCTCAGTCCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATAAATCGARAA
GTGATTAACTCGGCCCTCGAATTGCTGAATGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCACAAAAGTT
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GGGGGTGGAGCAACCCACGTTGTATTGGCACGTCAAAAATAAGCGGGCATTGCTGCGAT GCCCTCGCTATTGAAATGT
TGGATCGCCACCATACCCATTTCTGTCCACTGGAGGGCGAGTCCTGGCAGGACTTTCTCCGCAACAACGCGAAATCC
TTTCGCTGTGCACTCTTGTCCCATCGGCGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAAACAATACGA
AACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCTCTCGGLTG
TCGGGCACTTTACGTTGGGGTGCGTGTTGGAGGACCAGGAGCAT CAAGTCGCAAAAGAGGAGCGTGAAACCCCAACC
ACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCCTTCCTCTT
TGGGCTGGAGCTGATTATCTGCGGTTTGGAAAAACAACTCAAGT GTGAAAGCGGGTCCTAACTGCAGTCACTGCCCG
CTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGEGAGAGGCGGTTTGCGTATT
GGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGA
GTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAA
CATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACT CGGTAATGGC
GCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGCGAACGATGCCCTCATTCAGCATTTGCA
TGCTTTGTTGAAAACCCCACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCCGGCTGAATTTGATTGCGAGTGACA
TATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTG
ACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCT
GGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGC
GGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATT GTGCACCGCCGCTTTACAGGCTT CGACGCCGLT
TCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACG
GCGCGTGCAGGGCCAGACTGGAGCGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGLGG
TTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTT
CACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTTCACATTCA
CCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGG
ATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGLCG
CCGCAAGGAATGGTGCATGCAAGCGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGagtcaaaagecteceggtegga
ggcttttgactTCTAGAGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGCGAATTGTGAGCGGATAA
CAAGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGAAT CCCATGGTGAGTAAGGGTGAGGAGCTCATTA
AGGAGAACATGCACATGAAGCTGTATATGGAGGGCACCGTAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAA
GGTAAACCCTACGAGGGGACGCAGACCCAACGCATCAAGGTCGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACAT
TCTGGCGACCTGTTTTATGTACGGCTCGAAGACCTTCATCAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGA
GCTTCCCTGAGGGCTTCACCTGGCGAGCGCGTCACCACCGTATGAAGACGGTGGGGTGCT CACCGTGACCCAGGACACG
AGCTTGCAGGATGGCTGCTTGATTTACAACGCTCAAGCTGCGCGGGGTGAACTTCCCTAGCAACGGGCCAGTGATGCA
GAAAANGACGCTGGGTTGGGAGGCCACCACCGAGACCCTGTACCCGGCCGACGGGGGGCTGCGAAGGGCGGTGCGATA
TGGCCCTGAAATTGGTCGGCGGCGGTCATTTGCACTGCAATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCARA
AACCTGAAGATGCCTGGTGTTTATTTTGTCGACCGGCGCCTGGAGCGCAT CAAGGAAGCGGACAATGAGACGTACGT
GGAACAGCACGAAGTGGCCGTGGCTCGTTATTGCGATCTGCCGT CGAAGCTGGGTCACAAACT GAACGGCATGGATG
AGCTGTACAAAGATTATAAGGATGATGACGACAAGTAACTCGAG

70
pe  V2TcR- sfGFP/V2Lacl- mCardinal (SEQ ID NO: 67)
ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGT GATAGAGACGCAGTAAGAGAG
GAATGTACATATGTCCAAAGGTGAAGAGCTGTTTACCGGCGETCGETGCCCATTCTGGTGGAGCTGCGATGGCGACGTCA

ACGGGCACAAGTTTAGCGTCCGTGGCGAAGGTGAGGGCGACGCCACGAACGGTAAGCTGACGCTGAAATTCATTTGC
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ACCACCGGCAAATTGCCTGTACCCTGGCCCACCCTGGTGACCACGCTCACCTACGGCGTACAGTGCTTCAGCCGTTA
CCCGGACCACATGAAGCGTCACGACTTCTTCAAAAGCGCCATGCCGGAGGGTTACGTGCAGGAGCGTACGATTAGTT
TCAAGGACGACGGCACCTATAAGACCCGTGCCGAAGTGAAGTTCGAAGGCGATACGTTGGTGAACCGTATCGAGTTG
AAGGGTATCGACTTTAAGGAAGACGGCAACAT CCTGGGCCATAAGCTGGAGTACAATTTCAACAGCCATAACGTTTA
CATCACCGCCGATAAACAGAAGAACGGCATTAAAGCCAACTTTAAGATCCGCCACAACGT CGAAGACGGCTCGGTGC
AGCTGGCCGACCATTATCAGCAAAACACCCCCATCGGTGATGGGCCCGTGCTGCTGCCGGATAACCATTATCTGAGC
ACGCAGTCGGTGCTCAGCAAGGACCCTAACCAAAAGCGCGATCACATGGTGCTGCTGGAGTTCGTCACGGCGGLCGGG
GATCACCCATGGGATGGACGAGCTCTACAAAGACTATAAAGATGACGATGACAAGTAAAAGCTTCTCGGTACCAAAT
TCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGT CCGAATTCTTGACAGCTAGCTCAGTCCTAGG
TATAATGCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATAAAT CGARAGTGATTAACTCGGCCLTC
GAATTGCTGAATGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCACAARAGT TGGGGGETGGAGCAACCCAC
GTTGTATTGGCACGT CAAAANTAAGCGGGCATTGCTGCGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCC
ATTTCTGTCCACTGGAGCGCCAGTCCTCGCAGCGACTTTCTCCGCAACAACGCCGAAATCCTTTCGCTGTGCACTCTTGC
TCCCATCGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAAACAATACGAAACCTTGGAAAATCAATT
GGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTT GG
GGTGCGTGTTGGAGGACCAGGAGCAT CAAGTCGCAAAAGAGGAGCGTGAAACCCCAACCACGGACTCGATGCCACCT
CTGCTCCGCCAAGCTATCGAACTCTTCGAT CATCAGGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTAT
CTGCGGTTTGGAAAAACAACTCAAGT GTGAAAGCGGGT CCTAACTGCAGT CACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTT
TCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCA
CGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAACATGAGCTGTCTTCGGTA
TCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCCCAGLGL
CATCTGATCGTTGGCAACCAGCATCGCAGTGGCGAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGG
ACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCC
AGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATG
CTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACAT CAAGAA
ATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGAT CAGC
CCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGACAC
CACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCCAGAC
TGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGT GCCACGCGGTTGGGAATGTAATTCAGC
TCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGT
CTGATAAGAGACACCGGCATACTCTGCGACAT CCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCT
CTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTT
ATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCAT
GCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGagtcaaaagectecggteggaggettttgactTCTAGAG
AGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGGAATTGTGAGCGCGATAACAACGCAGTAAGAGAGGA
ATGTACCCATGGTGAGTAAGGGTGAGGAGCTCATTAAGGAGAACATGCACATGAAGCTGTATATGCGAGGGCACCGTA
AACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGGACGCAGACCCAACGCATCAAGGT
CGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTATGTACGGCTCGAAGACCTTCATCA
ACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTT CACCTGGGAGCGCGTCACCACGTAT
GAAGACGGTGGGGTGCTCACCGTGACCCAGGACACGAGCTTGCAGGATGGCTGCTTGATTTACAACGTCAAGCTGCG
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CGGGGTGAACTTCCCTAGCAACGGGCCAGT GATGCAGAAAAAGACGCTGGGCTTGGCGAGGCCACCACCGAGACCCTGT
ACCCGGCCGACGGGGGGCTGCAAGGGCGGTGCGATATGGCCCTGAAATTGGT CGGCGGCGGTCATTTGCACTGCAAT
CTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAAACCTGAAGATGCCTGGTGTTTATTTTGTCGACCGGCGLCT
GGAGCGCATCAAGGAAGCGGACAATGAGACGCTACGTGGAACAGCACGAAGTGGCCGTGGCTCGTTATTGCGATCTGC
CGTCGAAGCTGGGTCACAAACTGAACGGCATGCGATGAGCTGTACAAAGATTATAAGGATGATGACGACAAGTAACTC
GAG

po’ V2TcR- sfGFP /V3Lacl- mCardinal (SEQ ID NO: 68)

ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGT GATAGAGACGCAGTAAGAGAG
GAATGTACATATGTCCAAAGGTGAAGAGCTGTTTACCGGCGTCGTGCCCATTCTGGTGGAGCTGCGATGGCGACGTCA
ACGGGCACAAGTTTAGCGTCCGTGGCGAAGGTGAGGGCGACGCCACGAACGGTAAGCTGACGCTGAAATTCATTTGC
ACCACCGGCAAATTGCCTGTACCCTGGCCCACCCTGGTGACCACGCTCACCTACGGCGTACAGTGCTTCAGCCGTTA
CCCGGACCACATGAAGCGTCACGACTTCTTCAAAAGCGCCATGCCGGAGGGTTACGTGCAGGAGCGTACGATTAGTT
TCAAGGACGACGGCACCTATAAGACCCGTGCCGAAGTGAAGTTCGAAGGCGATACGTTGGTGAACCGTATCGAGTTG
AAGGGTATCGACTTTAAGGAAGACGGCAACAT CCTGGGCCATAAGCTGGAGTACAATTTCAACAGCCATAACGTTTA
CATCACCGCCGATAAACAGAAGAACGGCATTAAAGCCAACTTTAAGATCCGCCACAACGTCGAAGACGGCTCGGETGC
AGCTGGCCGACCATTATCAGCAAAACACCCCCATCGGTGATGGGCCCGTGCTGCTGCCGGATAACCATTATCTGAGC
ACGCAGTCGGTGCTCAGCAAGGACCCTAACGAAANGCGCGATCACATGGTGCTGCTGGAGTTCGTCACGGCGGCGGG
GATCACCCATGGGATGGACGAGCTCTACAAAGACTATAAAGATGACGATGACAAGTAAAAGCTTCTCGGTACCAAAT
TCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTCTTGACAGCTAGCTCAGTCCTAGG
TATAATGCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATAAATCGAAAGTGATTAACTCGGCCCTC
GAATTGCTGAATGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCACAAAAGTTGGGGGTGGAGCAACCCAC
GTTGTATTGGCACGTCAAAAATAAGCGGGCATTGCTGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCC
ATTTCTGTCCACTGGAGGGCGAGT CCTGGCAGGACTTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACTCTTG
TCCCATCGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAAAACAATACGAAACCTTGGAAAATCAATT
GGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGAATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTT GG
GGTGCGTGTTGGAGGACCAGGAGCATCAAGTCGCAAAAGAGGAGCGTGAAACCCCAACCACGGACTCGATGCCALCCT
CTGCTCCGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTAT
CTGCGGTTTGGAAAANCAACTCAAGTGTGAAAGCGGGT CCTAACTGCAGT CACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGETTTGCGTATTGGGCGCCAGGGTGGTTTT
TCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGECCCTGAGAGAGTTGCAGCAAGCGGETCCA
CGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAACATGAGCTGTCTTCGGETA
TCGTCGTATCCCNACTACCCGAGATNATCCGCACCNANCGCGCNAGCCCGGNACTCGEGEGTNANTGECGCGCNATTGCGCCCAGLCGL
CATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGG
ACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCC
AGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATG
CTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACATCAAGAA
ATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGAT CAGC
CCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGACAC
CACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCCAGAC

TGGAGGTGGCAACGCCAAT CAGCAACGACTGTTTGCCCGCCAGTTGTTGT GCCACGCGGTTGGGAATGTAATT CAGC
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TCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGT
CTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCT
CTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTT
ATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCAT
GCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGagtcaaaagectecggteggaggettttgactTCTAGAG
AGCTGTTGACACTTTATGCTTCCGGCTCGTATAATGTGTGTGGAATTGTGAGCGCGATAACAAGTGGAATTGTGAGCG
GATAACAATTTCACACAGGAAACAGAATCCCATGGTGAGTAAGGGT GAGGAGCT CATTAAGGAGAACAT GCACATGA
AGCTGTATATGGAGGGCACCGTAAACAACCACCACTTCAAGTGTACCACCGAGGGTGAAGGTAAACCCTACGAGGGG
ACGCAGACCCAACGCATCAAGGTCGTGGAGGGCGGCCCGCTGCCTTTCGCATTCGACATTCTGGCGACCTGTTTTAT
GTACGGCTCGAAGACCTTCATCAACCACACCCAAGGCATCCCGGACTTCTTCAAGCAGAGCTTCCCTGAGGGCTTCA
CCTGGGAGCGCGTCACCACGTATGAAGACGGETGGGGTGCTCACCGTGACCCAGGACACGAGCTTGCAGGAT GGCTGC
TTGATTTACAACGTCAAGCTGCGCGGGGTGAACTTCCCTAGCAACGGGCCAGTGATGCAGAAAANGACGCTGGGT TG
GGAGGCCACCACCGAGACCCTGTACCCGGCCCACGGGCGGCTGGAAGCGGCGCTGCCATATGGCCCTCGAAATTGGTCG
GCGGCGGTCATTTGCACTGCAATCTCAAGACCACGTACCGCTCCAAGAAACCCGCCAAAANCCTGAAGATGCCTGGT
GTTTATTTTGTCGACCGGCGCCTGGAGCGCAT CAAGGAAGCGGACAATGAGACGTACGTGGAACAGCACGAAGTGGC
CGTGGCTCGTTATTGCGATCTGCCGTCGAAGCTGGGTCACAAACTGAACGGCATGGAT GAGCTGTACAAAGATTATA
AGGATGATGACGACAAGTAACTCGAG

pUC19-crtEBI (SEQ ID NO: 69)

CATATGTATCCGTTTATAAGGACAGCCCGAATGACGGT CTGCGCAAAAAANCACGTTCATCTCACTCGCGATGCTGC
GGAGCAGTTACTGGCTGATATTGATCGACGCCTTGATCAGTTATTGCCCGTGGAGGGAGAACGGGATGTTGTGGGTG
CCGCGATGCGTGARGGTGCGCTGGCACCGGGAMAACGTATTCGCCCCATGTT GCTGTTGCTGACCGCCCGCGATCTG
GGTTGCGCTGTCAGC CATGACGGATTACTGGATTTGGCCTGTGCGGTGGARATGGT CCACGCGGCTTCGCTGATCCT
TGACGATATGCCCTGCATGGACGATGCGAAGCTGCGGCGCGGACGCCCTACCATTCATTCTCATTACGGAGAGCATG
TGGCAATACTGGCGGCGGTTGCCTTGCTGAGTAAAGCCTTTGGCGTAATTGCCGATGCAGATGGCCTCACGCCGLTG
GCAAAAAATCGGGCGGTTTCTGAACTGTCAAACGCCAT CGGCATGCAAGGATTGGTTCAGGGT CAGTTCAAGGATCT
GTCTGAAGGGGATAAGCCGCGCAGCGCTGAAGCTATTTTGATGACGAATCACTTTAAAACCAGCACGCTGTTTTGTG
CCTCCATGCAGATGGCCTCGATTGTT GCGAATGCCT CCAGCGAAGCGCGTGATTGCCTGCATCGTTTTTCACTTGAT
CTTGGTCAGGCATTT CAACTGCTGGACGATTTGACCGATGGCATGACCGACACCGGTAAGGATAGCAATCAGGALGC
CGGTAAATCGACGCTGGTCAATCTGTTAGGCCCGAGGGCGGTTGAAGAACGTCTGAGACAACATCTTCAGCTTGCCA
GTGAGCATCTCTCTGCGGCCTGCCAACACGGGCACGCCACTCAACATTTTATTCAGGCCTGGTTTGACAAAAAACTC
GCTGCCGTCAGTTAACGCAGTAAGAGAGGAATGTAGATATGAATAATCCGTCGTTACTCAATCATGCGGTCGAAACG
ATGGCAGTTGGCTCGAAAAGTTTTGCGACAGCCTCAAAGT TATTTGATGCAAAAACCCGGCGCAGCGTACTGATGCT
CTACGCCTGGTGCCGCCATTGTGACGAT GTTATTGACGAT CAGACGCTGGGCTTTCAGGCCCGGCAGCCTGCCTTAC
AAACGCCCGAACAACGTCTGATGCAACT TGAGATGAAAACGCGCCAGGCCTATGCAGGATCGCAGAT GCACGAACCG
GCGTTTGCGGCTTTTCAGGAAGTGGCTATGGCTCATGATATCGCCCCGGCTTACGCGTTTGATCATCTGGAAGGCTT
CGCCATGGATGTACGCGAAGCGCAATACAGCCAACTGGATGATACGCTGCGCTATTGCTATCACGTTGCAGGCGTTG
TCGGCTTGATGATGGCGCAAATCATGGGCGTGCGGGATAACGCCACGCTGGACCGCGLCTGTGACCTTGGGLCTGGCA
TTTCAGTTGACCAATATTGCTCGCGATATTGT GGACGATGCGCATGCGGGCCGCTGTTAT CTGCCGGCAAGCTGGCT
GGAGCATGAAGGTCT GAACAAAGAGAATTATGCGGCACCTGARAACCGTCAGGCGCTGAGCCGTATCGCCCGTCGTT
TGGTGCAGGAAGCAGAACCTTACTATTTGTCTGCCACAGCCGGCCTGGCAGGGTTGCCCCTGCGTTCCGCCTGGGCA
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ATCGCTACGGCGAAGCAGGTTTACCGGAAAATAGGT GT CAAAGTTGAACAGGCCGGTCAGCAAGCCTGGGATCAGCG
GCAGTCAACGACCACGCCCGAAAAATTAACGCTGCTGCTGGCCGCCTCTGGTCAGGCCCTTACTTCCCGGATGCGGE
CTCATCCTCCCCGCCCTGCGCATCTCTGGCAGCGCCCGCTCTGAAATAATTTTGTTTAACTTTAAGAAGGAGATATA
ATGAAACCAACTACGGTAATTGGCTGCAGGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGGGGATTCC
CGTCTTACTGCTTGAACAACGTGATAAACCCGGCGGTCGGGCTTATGTCTACGAGGAT CAGGGGTTTACCTTTGATG
CAGGCCCGACGGTTATCACCGATCCCAGTGCCATTGAAGAACTGTTTGCACT GGCAGGAAANACAGTTAAANAGAGTAT
GTCGAACTGCTGCCGGTTACGCCGTTTTACCGCCTGTGTTGGGAGT CAGGCGAAGGT CTTTAATTACGATAACGATCA
AACCCGGCTCGAAGCGCAGATTCAGCAGTTTAATCCCCGCGATGTCGAAGGTTATCGTCAGTTTCTGGACTATTCAC
GCGCGGTGTTTAAAGAAGGCTATCTAAAGCTCGGTACTGTCCCTTTTTTATCGTTCAGAGACATGCTTCGCGCCGCA
CCTCAACTGGCGAAACTGCAGGCATGGAGAAGCGTTTACAGTAAGGTTGCCAGTTACATCGAAGATGAACATCTGCG
CCAGGCGTTTTCTTTCCACTCGCTGTTGGTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTGATACACG
CGCTGGAGCGTGAGTGGGGCGTCTGGTTTCCGCGTGGCGGCACCGGCGCATTAGTTCAGGGGATGATAAAGCTGTTT
CAGGATCTGGGTGGCGAAGTCGTCTTAAACCCCAGAGCT CAGCCACATGCAAACCGACAGCGARAACAAGATT GAAGCCGT
GCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCCGTCGCGTCAAATGCAGATGTGGTTCATACCTATCGCGACC
TGTTAAGCCAGCACCCTGCCGCGGTTAAGCAGTCCAACAAACTGCAGACTAAGCGCATGAGTAACTCTCTGTTTGTG
CTCTATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGGTTTGTTTCGGCCCGCGTTACCGCGAGCT
GATTGACGAAATTTTTAAT CATGATGGCCTCGCAGAGGACTTCTCACTTTATCTGCACGCGCCCTGTGT CACGGATT
CGTCACTGGCGCCTGAAGGTTGCGGCAGTTACTATGTGTTGGCGCCGGTGCCGCATTTAGGCACCGCGAACCTCGAC
TGGACGGTTGAGGGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCTTACGGAG
TCAGCTGGTCACGCACCGGATGTTTACGCCGTTTGATTTTCGCGACCAGCTTAATGCCTATCATGGCTCAGCCTTTT
CTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGGCCGCATAACCGCGATAAAACCATTACTAATCTCTACCTG
GTCGGCGCAGGCACGCATCCCGGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTTTGATGCT
GGAGGATCTGATTTGA

pe . V2TeR-crtEBI (SEQ ID NO: 70)

GGATCCGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGTGATAGAGACGCAGTAAGAGAG
GAATGTACATATGTATCCGTTTATAAGGACAGCCCGAATGACGGTCTGCGCAAAAANACACGTTCATCTCACTCGECG
NATGCTGCGGNAGCNAGTTACTGGCTGATATTCGAT CGACGCCTTGAT CAGTTATTGCCCGTGGNAGGGNAGANCGGGATGTT
GTGGGTGCCGCGATGCGETGAAGGTGCGCTGGCACCGGGAAAACGTATTCGCCCCATGTTGCTGTTGCTGACCGCCCG
CGATCTGGGTTGCGCTGTCAGCCATGACGGATTACTGGATTTGGCCTGTGCGGTGGAAATGGTCCACGCGGCTTCGL
TGATCCTTGACGATATGCCCTGCATGGACGATGCGAAGCTGCGGCGCGGACGCCCTACCATTCATTCTCATTACGGA
GAGCATGTGGCAATACTGGCGGCGGTTGCCTTGCTGAGTAAAGCCTTTGGCGTAATTGCCGATGCAGATGGCCTCAC
GCCGCTGGCAAAAAATCGGGCGGETTTCTGAACTGTCAAACGCCATCGGCATGCAAGGATTGGTTCAGGGTCAGTTCA
AGGATCTGTCTGAAGGGGATAAGCCGCGCAGCGCTGAAGCTATTTTGATGACGAATCACTTTAAAACCAGCACGCTG
TTTTGTGCCTCCATGCAGATGGCCTCGATTGTTGCGAATGCCTCCAGCGAAGCGCGTGATTGCCTGCATCGTTTTTC
ACTTGATCTTGGTCAGGCATTTCAACTGCTGGACGATTTGACCGATGGCATGACCGACACCGGTAAGGATAGCAATC
AGGACGCCGGTAAATCGACGCTGGTCAATCTGTTAGGCCCGAGGGCGGTTGAAGAACGTCTGAGACAACATCTTCAG
CTTGCCAGTGAGCATCTCTCTGCGGCCTGCCAACACGGGCACGCCACTCAACATTTTATTCAGGCCTGGTTTGACAA
AAAACTCGCTGCCGTCAGTTAACGCAGTAAGAGAGGAATGTAGATATGAATAATCCGTCGTTACTCAATCATGCGGET
CGAAACGATGGCAGTTGGCTCGAAAAGTTTTGCGACAGCCTCAAAGTTATTTGATGCAAANACCCGGCGCAGCGTAC

TGATGCTCTACGCCTGGTGCCGCCATTGTGACGATGTTATTGACGATCAGACGCTGGGCTTTCAGGCCCGGCAGLCT
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GCCTTACAAACGCCCGAACAACGT CTGATGCAACTTGAGATGAAAACGCGCCAGGCCTATGCAGGAT CGCAGATGCA
CGAACCGGCGTTTGCGGCTTTTCAGGAAGTGGCTATGGCTCATGATATCGCCCCGGCTTACGCGTTTGATCATCTGG
AAGGCTTCGCCATGGATGTACGCGAAGCGCAATACAGCCAACTGGATGATACGCTGCGCTATTGCTATCACGTTGCA
GGCGTTGTCGGCTTGATGATGGCGCAAATCATGGCGCGT GCGGGATAACGCCACGCTGGACCGCGCCTGTGACCTTGG
GCTGGCATTTCAGTTGACCAATATTGCTCGCGATATTGTGGACGAT GCGCATGCGGGCCGCTGTTAT CTGCCGGCAA
GCTGGCTGGAGCATGAAGGTCTGAACAAAGAGAATTATGCGGCACCTGAARAACCGTCAGGCGCTGAGCCGTATCGCC
CGTCGTTTGGTGCAGGAAGCAGAACCTTACTATTTGTCTGCCACAGCCGGCCTGGCAGGGTTGCCCCTGCGTTCCGL
CTGGGCAATCGCTACGGCGAAGCAGGTTTACCGGAAAATAGGTGTCAAAGTTGAACAGGCCGGTCAGCAAGCCTGGGE
ATCAGCGGCAGTCAACGACCACGCCCGAAAAATTAACGCTGCTGCTGGCCGCCTCTGGTCAGGCCCTTACTTCCLGG
ATGCGGGCTCATCCTCCCCGCCCTGCGCATCTCTGGCAGCGCCCGCTCTGAAATAATTTTGTTTAACTTTAAGAAGG
AGATATAATGAAACCAACTACGGTAATTGGTGCAGGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGG
GGATTCCCGTCTTACTGCTTGAACAACGTGATAAACCCGGCGGT CGGGCTTATGTCTACGAGGATCAGGGGTTTACC
TTTCATGCAGGCCCGACCGCTTATCACCCATCCCACGTGCCATTGAAGCGAACTGTTTGCACTGGCAGCGAAAACACTTARA
AGAGTATGTCGAACTGCTGCCGGTTACGCCGTTTTACCGCCTGTGTTGGGAGTCAGGGAAGGT CTTTAATTACGATA
ACGATCAAACCCGGCTCGAAGCGCAGATTCAGCAGTTTAATCCCCGCGATGTCGAAGGTTATCGTCAGTTTCTGGAC
TATTCACGCGCGGTGTTTAAAGAAGGCTAT CTAAAGCT CGGTACTGTCCCTTTTTTATCGTTCAGAGACATGCTTCG
CGCCGCACCTCAACT GGCGAAACT GCAGGCATGGAGAAGCGTTTACAGTAAGGTTGCCAGTTACATCGAAGAT GAAC
ATCTGCGCCAGGCGTTTTCTTTCCACTCGCTGTTGGTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTG
ATACACGCGCTGGAGCGTGAGTGGGGCGTCTGGTTTCCGCGTGGCGGCACCGGCGCATTAGTT CAGGGGATGATARA
GCTGTTTCAGGATCTGGGTGGCGAAGTCGTGTTAAACGCCAGAGTCAGCCACATGGAAACGACAGGAAACAAGATTG
AAGCCGTGCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCCGTCGCGTCAAATGCAGATGTGGTTCATACCTAT
CGCGACCTGTTAAGCCAGCACCCTGCCGCGCTTAAGCAGTCCAACAAACTGCAGACTAAGCGCATGAGTAACTCTCT
GTTTGTGCTCTATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGGTTTGTTTCGGCCCGCGTTACC
GCGAGCTGATTGACGAAATTTTTAAT CATGATGGCCTCGCAGAGGACTTCTCACTTTATCTGCACGCGCCCTGTGTC
ACGGATTCGTCACTGGCGCCTGAAGGTTGCGGCAGTTACTATGTGTTGGCGCCGGTGCCGCATTTAGGCACCGCGARAA
CCTCGACTGGACGGTTGAGGGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCT
TACGGAGTCAGCTGGTCACGCACCGGATGTTTACGCCGTTTGATTTTCGCGACCAGCTTAATGCCTATCATGGCTCA
GCCTTTTCTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGGCCGCATAACCGCGATAAAACCATTACTAATCT
CTACCTGGTCGGCGCAGGCACGCATCCCGGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTT
TGATGCTGGAGGATCTGATTTGAAAGCTTCTCGGTACCAAATTCCAGAAANGAGGCCTCCCGAAAGGGGGGCCTTTT
TTCGTTTTGGTCCGAATTCTTGACAGCTAGCTCAGT CCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACAC
ATGTCCCGCCTGGATAAAT CGAAAGTGATTAACTCGGCCCTCGAATTGCTGAATGAAGTCGGTATCGAGGGGCTGAC
GACCCGTAAATTGGCACAAAAGTTGGGGGT GGAGCAACCCACGTTGTATTGGCACGTCAAAAATAAGCGGGCATTGC
TGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCCATTTCTGT CCACTGGAGGGCGAGTCCTGGCAGGAL
TTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACT CTTGTCCCATCGGGACGGTGCTAAGGTGCACTTGGGCAC
CCGTCCCACCGAAAAACAATACCGAAACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGA
ATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTTGGGGTGCGTGTTGGAGGACCAGGAGCATCAAGTCGCA
AANGAGGAGCGTGAAACCCCAACCACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCA
GGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTATCTGCGGTTTGGAAAAACAACT CAAGTGTGAAAGCG
GGTCCTAACTGCAGCTCGAG
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pe " V2TeR-crtEBIY (SEQ ID NO: 71)

GGATCCGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGTGATAGAGACGCAGTAAGAGAG
GAATGTACATATGTATCCGTTTATAAGGACAGCCCGAATGACGGTCTGCGCAAAAANACACGTTCATCTCACTCGECG
ATGCTGCGGAGCAGTTACTGGCTGATATTGAT CGACGCCTTGAT CAGTTATTGCCCGTGGAGGGAGAACGGGATGTT
GTGGGTGCCGCGATGCGETGAAGGTGCGCTGGCACCGGGAAAACGTATTCGCCCCATGTTGCTGTTGCTGACCGCCCG
CGATCTGGGTTGCGCTGTCAGCCATGACGGATTACTGGATTTGGCCTGTGCGGTGGAAATGGTCCACGCGGCTTCGL
TGATCCTTGACGATATGCCCTGCATGGACGATGCGAAGCTGCGGCGCGGACGCCCTACCATTCATTCTCATTACGGA
GAGCATGTGGCAATACTGGCGGCGGTTGCCTTGCTGAGTAAAGCCTTTGGCGTAATTGCCGATGCAGATGGCCTCAC
GCCGCTGGCAAAADAATCGGGCGGETTTCTGAACTGTCAAACGCCATCGGCATGCAAGGATTGGTTCAGGGTCAGTTCA
AGGATCTGTCTGAAGGGGATAAGCCGCGCAGCGCTGAAGCTATTTTGATGACGAATCACTTTAAAACCAGCACGCTG
TTTTGTGCCTCCATGCAGATGGCCTCGATTGTTGCGAATGCCTCCAGCGAAGCGCGTGATTGCCTGCATCGTTTTTC
ACTTGATCTTGGTCAGGCATTTCAACTGCTGGACGATTTGACCGATGGCATGACCGACACCGGTAAGGATAGCAATC
AGGACGCCGGTAAATCGACGCTGGTCAATCTGTTAGGCCCGAGGGCGGTTGAAGAACGTCTGAGACAACATCTTCAG
CTTGCCAGTGAGCATCTCTCTGCGGCCTGCCAACACGGGCACGCCACTCAACATTTTATTCAGGCCTGGTTTGACAA
AAAACTCGCTGCCGTCAGTTAACGCAGTAAGAGAGGAATGTAGATATGAATAATCCGTCGTTACTCAATCATGCGGT
CGAAACGATGGCAGTTGGCTCGAAAAGTTTTGCGACAGCCTCAAAGTTATTTGATGCAAANACCCGGCGCAGCGTAC
TGATGCTCTACGCCTGGTGCCGCCATTGTGACGATGTTATTGACGATCAGACGCTGGGCTTTCAGGCCCGGCAGCCT
GCCTTACAAACGCCCGAACAACGTCTGATGCAACTTGAGATGAAAACGCGCCAGGCCTATGCAGGATCGCAGATGCA
CGAACCGGCGTTTGCGGCTTTTCAGGAAGTGGCTATGGCTCATGATATCGCCCCGGCTTACGCGTTTGATCATCT GG
AAGGCTTCGCCATGGATGTACGCGAAGCGCAATACAGCCAACTGGATGATACGCTGCGECTATTGCTATCACGTTGCA
GGCCGTTGCTCGGCTTGATCATGGCGCAAATCATGCGGGCCGTGCGGCATAACGCCACGCTGGACCGCGCCTGTGACCTT GG
GCTGGCATTTCAGTTGACCAATATTGCTCGCGATATTGTGGACGATGCGCATGCGGGCCGCTGTTATCTGCCGGCAA
GCTGGCTGGAGCATGAAGGTCTGAACAAAGAGAATTATGCGGCACCTGAAAACCGTCAGGCGCTGAGCCGTATCGCC
CGTCGTTTGGTGCAGGAAGCAGAACCTTACTATTTGTCTGCCACAGCCGGCCTGGCAGGGTTGCCCCTGCGTTCCGL
CTGGGCAATCGCTACGGCGAAGCAGGTTTACCGGAAAATAGGTGTCAAAGTTGAACAGGCCGGTCAGCAAGCCTEGE
ATCAGCGGCAGTCAACGACCACGCCCGAAAAATTAACGCTGCTGCTGGCCGCCTCTGETCAGGCCCTTACTTCCCGG
ATGCGGGCTCATCCTCCCCGCCCTGCGCATCTCTGGCAGCGCCCGCTCTGAAATAATTTTGTTTAACTTTAACAAGG
AGATATAATGAAACCAACTACGGTAATTGGTGCAGGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGG
GGATTCCCGTCTTACTGCTTGAACAACGTGATAAACCCGGCGGTCGGGCTTATGTCTACGAGGATCAGGGGTTTACC
TTTGATGCAGGCCCGACGGTTATCACCGATCCCAGTGCCATTGAAGAACTGTTTGCACTGGCAGGAAAACAGTTARAA
AGAGTATGTCGAACTGCTGCCGGETTACGCCETTTTACCGCCTGTGTTGGGAGTCAGGGAAGGTCTTTAATTACGATA
ACGATCAAACCCGGCTCGAAGCGCAGATTCAGCAGTTTAATCCCCGCGATGTCGAAGGTTATCGTCAGTTTCTGGAC
TATTCACGCGCGGTGCTTTANNGCGNGGCTAT CTANNGCTCCGCTACTGTCCCTTTTTTATCGTT CAGAGNACATGCTTCG
CGCCGCACCTCAACTGGCGAAACTGCAGGCATGGAGAAGCGTTTACAGTAAGGTTGCCAGTTACATCGAAGATGAAC
ATCTGCGCCAGGCGTTTTCTTTCCACTCGCTGTTGGTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTG
ATACACGCGCTGGAGCGTGAGTGGGGCGTCTGGTTTCCGCGEGTGGECGGCACCGGCGCATTAGTTCAGGGGATGATARAA
GCTGTTTCAGGATCTGGGTGGCGAAGTCGTGTTAAACGCCAGAGTCAGCCACATGGAAACGACAGGAAACAAGATTG
AAGCCGTGCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCCGTCGCGTCAAATGCAGATGTGGTTCATACCTAT
CGCGACCTGTTAAGCCAGCACCCTGCCGCGETTAAGCAGTCCAACAANACT GCAGACTAAGCGCATGAGTAACTCTCT
GTTTGTGCTCTATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGGTTTGTTTCGGCCCGCGETTACC
GCGAGCTGATTGACGAAATTTTTAATCATGATGGCCTCGCAGAGGACTTCTCACTTTATCTGCACGCGCCCTGTGTC
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ACGGATTCGTCACTGGCGCCTGAAGGTTGCGGCAGTTACTATGTGTTGGCGCCGGTGCCGCATTTAGGCACCGCGAA
CCTCGACTGGACGGTTGAGGGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCT
TACGGAGTCAGCTGGTCACGCACCGGATGTTTACGCCGTTTGATTTTCGCGACCAGCTTAATGCCTATCATGGCTCA
GCCTTTTCTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGGCCGCATAACCGCGATAAAACCATTACTAATCT
CTACCTGGTCGGCGCAGGCACGCATCCCGGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTT
TGATGCTGGAGGATCTGATTTGACGCAGTAAGAGAGGAAT GTAGATATGGGAGCGGCTATGCAACCGCATTATGATC
TGATTCTCGTGGGGGCTGGACTCGCCGAATGCCCTTATCGCCCTGCGTCTCCAGCAGCAGCAACCTGATATGCGTATT
TTGCTTATCGACGCCGCACCCCAGGCGGGCGGGAATCATACGTGCTCATTTCACCACGATGATTTGACT GAGAGCCA
ACATCGTTGGATAGCTCCGCTGGCTGGTTCATCACTGGCCCGACTATCAGGTACGCTTTCCCACACGCCGTCGTAAGC
TGAACAGCGGCTACTTTTGTATTACTTCTCAGCGTTTCGCTGAGGTTTTACAGCGACAGTTTGGCCCGCACTTGT GG
ATGGATACCGCGGTCGCAGAGGTTAATGCGCAAT CTGTTCGGTTGAAAAAGGGT CAGGTTATCGGTGCCCGCGELCEGET
GATTGACGGGCGGGGTTATGCGGCAAATTCAGCACTGAGCGTGGGCTTCCAGGCGTTTATTGGCCAGGAAT GGCGAT
TGAGCCACCCGCATGGTTTATCGTCTCCCATTATCATGCATGCCACGGTCCGATCAGCAAAATGCGGCTTATCGCTTCGTGC
TACAGCCTGCCGCTCTCGCCGACCAGATTGTTAATTGAAGATACGCACTATATTGATAATGCGACATTAGATCCTGA
ATGCGCGCGGCAAAATATTTGCCGACTATGCCGCGCAACAGGGTTGGCAGCTTCAGACACTGCTGCGAGAAGAACAGG
GCGCCTTACCCATTACTCTGTCGGGCAATGCCGACGCATTCTGGCAGCAGCGCCCCCTGGCCTGTAGTGGATTACGT
GCCGGTCTGTTCCATCCTACCACCGGCTATTCACTGCCGCTGGLGGTTGCCGTGGCCGACCGCCTGAGT GCACTTGA
TGTCTTTACGTCGGCCTCAATTCACCATGCCATTACGCATTTTGCCCGCGAGCGCTGGCAGCAGCAGGGCTTTTTCC
GCATGCTGAATCGCATGCTGTTTTTAGCCGGACCCGCCGATTCACGCTGGCGGGTTATGCAGCGTTTTTATGGTTTA
CCTGAAGATTTAATTGCCCGTTTTTATGCGGGAAAACT CACGCTGACCGATCGGCTACGTATTCTGAGCGGCAAGCC
GCCTGTTCCGGTATTAGCAGCATTGCAAGCCATTATGACGACTCATCGTTGAAAGCTTCTCGGTACCAAATTCCAGA
AANGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGAATTCTTGACAGCTAGCTCAGTCCTAGGTATAAT
GCTAGCCGCAGTAAGAGAGGAATGTACACATGTCCCGCCTGGATAAATCGAAAGTGATTAACTCGGCCCTCGAATTG
CTGAATGAAGTCGGTATCGAGGGGCTGACGACCCGTAAATTGGCACAAAAGTTGGGGGTGCGAGCAACCCACGTTGTA
TTGGCACGTCAAAAATAAGCGGGCATTGCTGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCCATTTCT
GTCCACTGGAGGGCGAGTCCTGGCAGGACTTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACTCTTGTCCCAT
CGGGACGGTGCTAAGGTGCACTTGGGCACCCGTCCCACCGAAARACAATACGAAACCTTGGAAAATCAATTGGCGTT
TTTGTGCCAGCAAGGGTTTAGCTTGCGAGAATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTTGGGGTGCG
TGTTGGAGGACCAGGAGCATCAAGTCGCAAAAGAGCGAGCGTGAAACCCCAACCACGGACTCGATGCCACCTCTGLCTC
CGCCAAGCTATCGAACTCTTCGATCATCAGGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTATCTGCGG
TTTGGAAAAACAACTCAAGTGTGAAAGCGGGTCCTAACTGCAGCTCGAG

pe . V2TcR-ertEBI/V2Lacl-crtY (SEQ ID NO: 72)

ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGTGATAGAGACGCAGTAAGAGAG
GAATGTACATATGTATCCGTTTATAAGGACAGCCCGAATGACGGTCTGCGCARAAARACACGTTCATCTCACTCGCG
ATGCTGCGGAGCAGTTACTGGCTGATATTGAT CGACGCCTTGAT CAGTTATTGCCCGT GGAGGGAGAACGGGATGTT
GTGGGTGCCGCGATGCGETGAAGGT GCGCTGGCACCGGGAAAACGTATTCGCCCCATGTTGCTGTTGCTGACCGCLCCG
CGATCTGGGTTGCGCTGTCAGCCATGACGGATTACTGGATTTGGCCTGTGCGGTGGAAATGGTCCACGCGGCTTCGC
TGATCCTTGACGATATGCCCTGCATGGACGATGCGAAGCTGCGGCGCGGACGCCCTACCATTCATTCTCATTACGGA
GAGCATGTGGCAATACTGGCGGCGGTTGCCTTGCTGAGTAAAGCCTTTGGCGTAATTGCCGATGCAGATGGCCTCAC
GCCGCTGGCAAAARATCGGGCEGTTTCTGAACTGTCARACGCCATCGGCATGCAAGGATT GETTCAGGGTCAGTTCA
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AGGATCTGTCTGAAGGGGATAAGCCGCGCAGCGCTGAAGCTATTTTGATGACGAAT CACTTTAAAACCAGCACGCTG
TTTTGTGCCTCCATGCAGATGGCCTCGATTGTTGCCGAATGCCTCCAGCGAAGCGCGTGATTGCCTGCATCGTTTTTC
ACTTGATCTTGGTCAGGCATTTCAACTGCTGGACGATTTGACCGATGGCATGACCGACACCGGTAAGGATAGCAATC
AGGACGCCGGTAAATCGACGCTGGTCAATCTGTTAGGCCCGAGGGCGGTTGAAGAACGTCTGAGACAACATCTTCAG
CTTGCCAGTGAGCATCTCTCTGCGGCCTGCCAACACGGGCACGCCACTCAACATTTTATTCAGGCCTGGTTTGACAA
AAAACTCGCTGCCGTCAGTTAACGCAGTAACAGAGCGAATGTAGATATGAATAATCCGTCGTTACTCAAT CATGCGGT
CGAAACGATGGCAGTTGGCTCGAAAAGTTTTGCGACAGCCTCAAAGTTATTTGATGCAAARACCCGGCGCAGCGTAC
TGATGCTCTACGCCTGGTGCCGCCATTGTGACGATGTTATTGACGCGATCAGACGCTGGGCTTTCAGGCCCGGCAGCCT
GCCTTACAAACGCCCGAACAACGTCTGATGCAACTTGAGATGAAAACGCGCCAGGCCTATGCAGGAT CGCAGATGCA
CGAACCGGCGTTTGCGGCTTTTCAGGAAGT GGCTATGGCTCATGATATCGCCCCGGCTTACGCGTTTGATCATCTGG
AAGGCTTCGCCATGGATGTACGCGAAGCGCAATACAGCCAACT GGATGATACGCTGCGCTATTGCTATCACGTTGCA
GGCGTTGTCGGCTTGATGATGGCGCAAATCATGGGCGT GCGGGATAACGCCACGCTGGACCGCGCCTGTGACCTTGG
GCTGGCATTTCAGTTGACCAATATTGCTCGCCATATTCTGCACCATGCGCATGCGCGCCGCTGTTATCTGCCGGCAA
GCTGGCTGGAGCATGAAGGTCTGAACAAAGAGAATTATGCGGCACCTGAAAACCGTCAGGCGCTGAGCCGTATCGCC
CGTCGTTTGGTGCAGGAAGCAGAACCTTACTATTTGTCTGCCACAGCCGGCCTGGCAGGGTTGCCCCTGCGTTCCGL
CTGGGCAATCGCTACGGCGAAGCAGGTTTACCGCGAAAATAGGTGTCAAAGTTGAACAGGCCGGTCAGCAAGCCTGGG
ATCAGCGGCAGTCAACGACCACGCCCGAAAAATTAACGCTGCTGCTGGCCGCCTCTGGTCAGGCCCTTACTTCCLGG
ATGCGGGCTCATCCTCCCCGCCCTGCGCATCTCTGGCAGCGCCCGCTCTGAAATAATTTTGTTTAACTT TAAGAAGG
AGATATAATGAAACCAACTACGGTAATTGGTGCAGGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGG
GGATTCCCGTCTTACTGCTTGAACAACGTGATAAACCCGGCGGTCGGGCTTATGTCTACGAGGATCAGGGGTTTACC
TTTGATGCAGGCCCGACGGTTATCACCGAT CCCAGTGCCATTGAAGAACTGTTTGCACTGGCAGGAAAACAGTTARA
AGAGTATGTCGAACTGCTGCCGGTTACGCCGTTTTACCGCCTGTGTTGGGAGTCAGGGAAGGT CTTTAATTACGATA
ACGATCAAACCCGGCTCGAAGCGCAGATTCAGCAGTTTAATCCCCGCGATGT CGAAGGTTATCGTCAGTTTCTGGAC
TATTCACGCGCGGTGTTTAAAGAAGGCTATCTAAAGCT CGGTACTGTCCCTTTTTTATCGTTCAGAGACATGCTTCG
CGCCGCACCTCAACTGGCGAAACTGCAGGCATGGAGAAGCGTTTACAGTAAGGTTGCCAGTTACATCGAAGATGAAC
ATCTGCGCCAGGCGTTTTCTTTCCACTCGCTGTTGGTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTG
ATACACGCGCTGGAGCGTGAGTGGGGCGTCTGGTTTCCGCGTGGCGGCACCGGCGCATTAGTTCAGGGGATGATARA
GCTGTTTCAGGATCTGGGTGGCGAAGTCGTCTTAAACGCCAGAGTCAGCCACATGGAAACGACAGGAAACAAGATTG
AAGCCGTGCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCCGTCGCGTCAAATGCAGATGTGGTTCATACCTAT
CGCGACCTGTTAAGCCAGCACCCTGCCGCGGTTAAGCAGTCCAACAAACT GCAGACTAAGCGCATGAGTAACTCTCT
GTTTGTGCTCTATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGCGTTTGTTTCGGCCCGCGTTACC
GCGAGCTGATTGACGAAATTTTTAATCATGATGGCCTCGCAGAGGACTTCTCACTTTATCTGCACGCGCCCTGTGTC
ACGGATTCGTCACTGGCGCCTGAAGGTTGCGGCAGTTACTATGTGTTGGCGCCGGTGCCGCATTTAGGCACCGCGAA
CCTCGACTGGACGGTTGAGGGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCT
TACGGAGTCAGCTGGTCACGCACCGGATGTTTACGCCGTTTGATTTTCGCGACCAGCTTAATGCCTATCATGGCTCA
GCCTTTTCTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGGCCGCATAACCGCGATAAAACCATTACTAATCT
CTACCTGGTCGGCGCAGGCACGCATCCCGGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTT
TGATGCTGGAGGATCTGATTTGAAAGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTT
TTCGTTTTGGTCCGAATTCTTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACAC
ATGTCCCGCCTGGATAAATCGAAAGTGATTAACTCGGCCCTCGAATTGCTGAATGAAGTCGGTATCGAGGGGCTGAC
GACCCGTAAATTGGCACAAANGTT GGGGGTGGAGCAACCCACGTTGTATT GGCACGTCAAAAATAAGCGGGCATTGC
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TGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCCATTTCTGT CCACTGGAGGGCGAGTCCTGGCAGGAC
TTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACTCTTGTCCCATCGGCACGGTGCTAAGGTGCACTTGGGCAL
CCGTCCCACCGAAAAACAATACGAAACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGA
ATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTTGGGGTGCGTGTTGGAGGACCAGGAGCATCAAGTCGCA
AAAGAGGAGCGTGAAACCCCAACCACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCA
GGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTAT CTGCGGTTTGGAAAAACAACT CAAGTGTGAAAGCG
GGTCCTAACTGCAGTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAAT CGGCCAACGC
GCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGCTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGC
CCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAAT CCTGTTTG
ATGGTGGTTAACGGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAAC
GCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCCCAGCGCCATCTGAT CGTTGGCAACCAGCATCGCAGTGGGAA
CGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATC
GGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCGCCEAGACAGAACTTAATGGGCC
CGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGA
AAATAATACTGTTGATGGGTGTCTGGTCAGAGACAT CAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACA
GCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGAT CAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGC
CGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCAT CGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATT
TAATCGCCGCGACAATTTGCGACGGCGCGT GCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTG
CCCGCCAGTTGTTGTGCCACGCGGTTGGGAAT GTAATT CAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTT
CGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGT CTGATAAGAGACACCGGCATACTCTGCGACATCGT
ATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTT
TTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTTATGCGACT CCTGCATTAGGAAGCAGCCCAGTAGTA
GGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGT GCATGCAAGGAGAT GGCGCCCAACAGTCCCCCGGCCACG
GGGagtcaaaagcctecggteggaggecttttgactTCTAGAGAGCTGTTGACACTTTATGCTTCCGGCT CGTATAAT
GTGTGTGGAATTGTGAGCGGATAACAACGCAGTAAGAGAGGAAT GTACCCATGGAGCGEGCTATGCAACCGCATTATG
ATCTGATTCTCGTGGGGGCTGGACTCGCGAAT GGCCTTATCGCCCTGCGTCTCCAGCAGCAGCAACCTGATATGCGT
ATTTTGCTTATCGACGCCGCACCCCAGGCGGGCGGGAATCATACGTGGTCATTTCACCACGATGATTTGACTGAGAG
CCAACATCGTTGGATAGCTCCGCTGGTGGTTCATCACTGGCCCGACTATCAGGTACGCTTTCCCACACGCCGTCGTA
AGCTGAACAGCGGCTACTTTTGTATTACTTCTCAGCGTTTCGCTGAGGTTTTACAGCGACAGTTTGGCCCGCACTTG
TGGATGGATACCGCGGTCGCAGAGGTTAAT GCGGAATCTGTTCGGTTGAAAAAGGGTCAGGTTATCGGT GCCCGLGC
GGTGATTGACGGGCGGGGTTAT GCGGCAAATT CAGCACTGAGCGTGGGCTTCCAGGCETTTATTGGCCAGGAATGGC
GATTGAGCCACCCGCATGGTTTATCGTCTCCCATTATCATGGATGCCACGGT CGATCAGCAAAATGGTTATCGCTTC
GTGTACAGCCTGCCGCTCTCGCCGACCAGATT GTTAATTGAAGATACGCACTATATTGATAAT GCGACATTAGATCC
TGAATGCGCGCGGCAAAATATTTGCGACTATGCCGCGCAACAGGGTTGGCAGCTTCAGACACT GCTGCGAGAAGAALC
AGGGCGCCTTACCCATTACTCTGTCGGGCAAT GCCGACGCATTCTGGCAGCAGCGCCCCCTGGCCTGTAGTGGATTA
CGTGCCGGTCTGTTCCATCCTACCACCGGCTATTCACTGCCGCTGGCGGTTGCCGTGGCCGACCGCCTGAGTGCACT
TGATGTCTTTACGTCGGCCTCAATTCACCATGCCATTACGCATTTTGCCCGCGAGCGUTGGCAGCAGCAGGGCTTTT
TCCGCATGCTGAATCGCATGCTGTTTTTAGCCGGACCCGCCGATTCACGCTGGCGGGTTATGCAGCGTTTTTATGGT
TTACCTGAAGATTTAATTGCCCGTTTTTAT GCGGGAAAACTCACGCTGACCGATCGGCTACGTATTCTGAGCGGCAA
GCCGCCTGTTCCGGTATTAGCAGCATTGCAAGCCATTATGACGACT CATCGTTGACTCGAG

po . V2TcR-crtEBI/V3Lacl-crtY (SEQ ID NO: 73)
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ggatccGAGCTGTTGACAACTCTATCATTGATAGAGTTATAATGTTCCCTAT CAGT GATAGAGACGCAGTAAGAGAG
GAATGTACATATGTATCCGTTTATAAGGACAGCCCGAATGACGGTCTGCGCAAAAAANCACGTTCATCTCACTCGCG
ATGCTGCGGAGCAGTTACTGGCTGATATTGAT CGACGCCTTGAT CAGTTATTGCCCGT GGAGGGAGAACGGGATGTT
GTGGGTGCCGCGATGCGTGAAGGTGCGCTGGCACCGGCGAAAACGTATTCGCCCCATGTTGCTGTTGCTGACCGCLCG
CGATCTGGGTTGCGCTGTCAGCCATGACGGATTACTGGATTTGGCCTGTGCGGTGCGAAAT GGTCCACGCGGCTTCGC
TGATCCTTGACGATATGCCCTGCATGCACGATGCGAAGCTGCGGCGCGGACGCCCTACCATTCATTCTCATTACGGA
GAGCATGTGGCAATACTGGCGGCGGTTGCCTTGCTGAGTAAAGCCTTTGGCGTAATTGCCGATGCAGATGGCCTCAC
GCCGCTGGCAAAAAATCGGGCGGTTTCTGAACTGTCAAACGCCATCGGCATGCAAGGATTGGTTCAGGGTCAGTTCA
AGGATCTGTCTGAAGGGGATAAGCCGCGCAGCGCTGAAGCTATTTTGATGACGAAT CACTTTAAAACCAGCACGCTG
TTTTGTGCCTCCATGCAGATGGCCTCGATTGTTGCGAATGCCTCCAGCGAAGCGCGTGATTGCCTGCATCGTTTTTC
ACTTGATCTTGGTCAGGCATTTCAACTGCTGGACGATTTGACCGAT GGCATGACCGACACCGGTAAGGATAGCAATC
AGGACGCCGGTAAATCGACGCTGGTCAATCTGTTAGGCCCGAGGGCGGTTGAAGAACGTCTGAGACAACATCTTCAG
CTTGCCAGTCGAGCATCTCTCTGCCGCCTGCCAACACGCGGCACGCCACTCAACATTTTATTCAGGCCTCCTTTGACAA
AAAACTCGCTGCCGTCAGTTAACGCAGTAAGAGAGGAATGTAGATATGAATAATCCGTCGTTACTCAAT CATGCGGT
CGAAACGATGGCAGTTGGCTCGAAAAGTTTTGCGACAGCCTCAARAGTTATTTGATGCAAAAACCCGGCGCAGCGTAC
TGATGCTCTACGCCTGGTGCCGCCATTGTGACGATGTTATTGACGATCAGACGCTGGGCTTTCAGGCCCGGCAGCCT
GCCTTACAAACGCCCGAACAACGT CTGATGCAACTTGAGATGAAAACGCGCCAGGCCTATGCAGGAT CGCAGATGCA
CGAACCGGCGTTTGCGGCTTTT CAGGAAGT GGCTATGGCTCATGATATCGCCCCGGCTTACGCGTTTGATCATCTGG
AAGGCTTCGCCATGGATGTACGCGAAGCGCAATACAGCCAACTGCGATGATACGCTGCGCTATTGCTATCACGTTGCA
GGCGTTGTCGGCTTGATGATGGCGCAAATCATGGGCGTGCGGGATAACGCCACGCTGGACCGCGCCTGTGACCTTGG
GCTGGCATTTCAGTTGACCAATATTGCTCGCGATATTGTGGACGAT GCGCATGCGGGCCGCTGTTATCTGCCGGCAA
GCTGGCTGGAGCATGAAGGTCTGAACAAAGAGAATTAT GCGGCACCTGAAAACCGT CAGGCGCTGAGCCGTATCGCC
CGTCGTTTGGTGCAGGAAGCAGAACCTTACTATTTGTCTGCCACAGCCGGCCTGGCAGGGTTGCCCCTGCGTTCCGL
CTGGGCAATCGCTACGGCGAAGCAGGTTTACCGGAAAATAGGTGTCAAAGTTGAACAGGCCGGTCAGCAAGCCTGGG
ATCAGCGGCAGTCAACGACCACGCCCGAAARATTAACGCTGCTGCTGGCCGCCTCTGGTCAGGCCCTTACTTCCCGG
ATGCGGGCTCATCCTCCCCGCCCTGCGCATCTCTGGCAGCGCCCGCTCTGAAATAATTTTGTTTAACTTTAAGAAGG
AGATATAATGAAACCAACTACGCTAATTGGTGCAGGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGG
GGATTCCCGTCTTACTGCTTGAACAACGTGATAAACCCGGCGGTCGGGCTTATGTCTACGAGGATCAGGGGTTTACC
TTTGATGCAGGCCCGACGGTTATCACCGATCCCAGTGCCATTGAAGAACTGTTTGCACTGGCAGGAAAACAGTTARA
AGAGTATGTCGAACTGCTGCCGGTTACGCCGTTTTACCGCCTGTGTTGGGAGT CAGGGAAGGT CTTTAATTACGATA
ACGATCAAACCCGGCTCGAAGCGCAGATTCAGCAGTTTAATCCCCGCGATGTCGAAGGTTATCGTCAGTTTCTGGAC
TATTCACGCGCGGTGTTTAAAGAAGGCTAT CTAAAGCT CGGTACTGTCCCTTTTTTATCGTTCAGAGACATGCTTCG
CGCCGCACCTCAACTGGCGAAACTGCAGGCATGCGAGAAGCGTTTACAGTAAGGTTGCCAGTTACATCGAAGATGAAC
ATCTGCGCCAGGCGTTTTCTTTCCACTCGCTGTTGGTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTG
ATACACGCGCTGGAGCGTGAGTGGGGCGTCTGGTTTCCGCGTGGCGGCACCGGCGCATTAGTT CAGGGGATGATARAA
GCTGTTTCAGGATCTGGGTGGCCGAAGTCGTGTTAAACGCCAGAGTCAGCCACATGCGAAACGACAGGAAACAAGATTG
AAGCCGTGCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCCGTCGCGTCAAATGCAGATGTGGTTCATACCTAT
CGCGACCTGTTAAGCCAGCACCCTGCCGCGCTTAAGCAGTCCAACAAACTGCAGACTAAGCGCATGAGTAACTCTCT
GTTTGTGCTCTATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGGTTTGTTTCGGCCCGCGTTACC
GCGAGCTGATTGACGAAATTTTTAAT CATGATGGCCTCGCAGAGGACTTCTCACTTTATCTGCACGCGCCCTGTGTC
ACGGATTCGTCACTGGCGCCTGAAGGTTGCGGCAGTTACTATGTGTTGGCGCCGGTGCCGCATTTAGGCACCGCGAA

-69-



WO 2023/205693 PCT/US2023/065954

CCTCGACTGGACGGTTGAGGGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCT
TACGGAGTCAGCTGGTCACGCACCGGATGTTTACGCCGTTTGATTTTCGCGACCAGCTTAATGCCTATCATGGCTCA
GCCTTTTCTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGGCCGCATAACCGCGATAAAACCATTACTAATCT
CTACCTGGTCGGCGCAGGCACGCATCCCGGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTT
TGATGCTGGAGGATCTGATTTGAAAGCTTCTCGGTACCAAATTCCAGAAAAGAGGCCT CCCGAAAGGGGGGCCTTTT
TTCGTTTTGGTCCGAATTCTTGACAGCTAGCT CAGTCCTAGGTATAATGCTAGCCGCAGTAAGAGAGGAATGTACAC
ATGTCCCGCCTGGATAAAT CGAAAGTGATTAACTCGGCCCTCCGAATTGCTGAATGAAGTCGGCTATCGAGGGGCTGAC
GACCCGTAAATTGGCACAAAAGTTGGGGGTGGAGCAACCCACGTTGTATTGGCACGTCAAAAATAAGCGGGCATTGC
TGGATGCCCTCGCTATTGAAATGTTGGATCGCCACCATACCCATTTCTGT CCACTGGAGGGCGAGTCCTGGCAGGAC
TTTCTCCGCAACAACGCGAAATCCTTTCGCTGTGCACTCTTGTCCCATCGGGACGGTGCTAAGGTGCACTTGGGCAC
CCGTCCCACCGAAAAACAATACGAAACCTTGGAAAATCAATTGGCGTTTTTGTGCCAGCAAGGGTTTAGCTTGGAGA
ATGCTCTCTATGCGCTCTCGGCTGTCGGGCACTTTACGTTGGGGTGCGTGTTGGAGGACCAGGAGCATCAAGTCGCA
AAAGAGGCAGCGTGAAACCCCAACCACGGACTCGATGCCACCTCTGCTCCGCCAAGCTATCGAACTCTTCGATCATCA
GGGCGCGGAGCCAGCCTTCCTCTTTGGGCTGGAGCTGATTATCTGCGGTTTGGAAAAACAACT CAAGTGTGAAAGCG
GGTCCTAACTGCAGTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAAT CGGCCAACGC
GCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGC
CCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTG
ATGGTGGTTAACGGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAAC
GCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAA
CGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATC
GGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCGCCEAGACAGAACTTAATGGGCC
CGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGA
AAATAATACTGTTGATGGGTGTCTGGTCAGAGACAT CAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACA
GCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGAT CAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGC
CGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATT
TAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTG
CCCGCCAGTTGTTGTGCCACGCGGTTGGGAAT GTAATT CAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTT
CGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGT CTGATAAGAGACACCGGCATACTCTGCGACATCGT
ATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTT
TTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTA
GGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGCGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACG
GGGagtcaaaagccteecggteggaggettttgactTCTAGAGAGCTGTTGACACTTTATGCTTCCGGCTCGTATAAT
GTGTGTGGAATTGTGAGCGGATAACAAGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGAATCCCAT GG
AGCGGCTATGCAACCGCATTATGATCTGATTCTCGT GGGGGCTGGACTCGCGAATGGCCTTATCGCCCTGCGTCTCC
AGCAGCAGCAACCTGATATGCGTATTTTGCTTATCGACGCCGCACCCCAGGCGGGCGGGAATCATACGTGGTCATTT
CACCACGATGATTTGACTGAGAGCCAACATCGTTGGATAGCTCCGCTGGTGGTTCATCACTGGCCCGACTATCAGGT
ACGCTTTCCCACACGCCGTCGTAAGCTGAACAGCGGCTACTTTTGTATTACTTCTCAGCGTTTCGCTGAGGTTTTAC
AGCGACAGTTTGGCCCGCACTTGTGGATGGATACCGCGGTCGCAGAGGTTAATGCGGAATCTGTTCGGTTGAAAAAG
GGTCAGGTTATCGGTGCCCGCGCGGTGATTGACGGGCGGGETTATGCGGCAAATTCAGCACTGAGCGTGGGCTTCCA
GGCGTTTATTGGCCAGGAATGGCGATTGAGCCACCCGCATGGTTTATCGTCTCCCATTATCATGGATGCCACGGTCG
ATCAGCAAAATGGTTATCGCTTCGTGTACAGCCTGCCGCTCTCGCCGACCAGATTGTTAATTGAAGATACGCACTAT
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ATTGATAATGCGACATTAGATCCTGAATGCGCGCGGCAAAATATTTGCGACTATGCCGCGCAACAGGGTTGGCAGCT
TCAGACACTGCTGCGAGAAGAACAGGGCGCCTTACCCATTACTCTGTCGGGCAATGCCGACGCATTCTGGCAGCAGC
GCCCCCTGGCCTGTAGTGGATTACGTGCCGCTCTGTTCCATCCTACCACCGGCTATTCACTGCCGCTGGCGGTTGCC
GTGGCCGACCGCCTGAGTGCACTTGATGTCTTTACGTCGGCCTCAATTCACCATGCCATTACGCATTTTGCCCGCGA
GCGCTGGCAGCAGCAGGGCTTTTTCCGCATGCTGAATCGCATGCTGTTTTTAGCCGGACCCGCCGATTCACGCTGGC
GGGTTATGCAGCGTTTTTATGGTT TACCTGAAGATTTAATTGCCCGTTTTTATGCGGGAARACTCACGCTGACCGAT
CGGCTACGTATTCTGAGCGGCAAGCCGCCTGTTCCGGTATTAGCAGCATTGCAAGCCATTATGACGACTCATCGTTG
ACTCGAG

cocE DNA sequence (SEQ ID NO: 74)

ATGGTGGACGGTAATTATTCGGTAGCGTCCAACGTTAT GGTGCCGATGCGCGACGGGETGCGCTTGGCTGTAGATCT
GTACCGCCCGGACGCAGATGGCCCTGTACCGGTCCTGCTGETCCGCAACCCCTACGACAAATT CGACGTGTTCGCTT
GGAGTACGCAGAGCACGAACTGGCTGGAATTTGTGCGCGATCGGTACGCCETCGTCATCCAAGACACCCGGEGCCTC
TTTGCATCCGAAGGTGAGTTCGTTCCACATGTTGATGACCGAGGCGGATGCGGAAGACACGCTGAGCTGGATCTTGGA
ACAAGCATGGTGCGACGGCAATGTGGGTATGTTCGGETGTAAGCTACCTGGGCGTTACGCAGTGGCAAGCTGCTGTTA
GCGGTGTGGGTGETTTGAAGGCAATCGCCCCGAGCATGGCGAGCGCGGATCT GTACCGTGCCCCCTGGTACGGTCCT
GGCGGCGCCCTGAGCGTGGAAGCACT CCTGEGCTGGAGCGCATTGATCGGTACGGGCCTGATTACCAGCCGTAGCGA
TGCCCGCCCGCAAGACGCAGCCCACTTCGTACAGCTGGCAGCCATCCTCAACCGATGTCGCCCGTCCCGCAAGCCTGA
CCCCTCTGGCCGAACAGCCCTTGTTGGGCCGCCTGATCCCTTGGGT GATCGACCAGGT GEGTGCGACCATCCAGACAAC
GACGAGTCGTGGCAGAGCATCTCGCTCTTTGAACGTTTGGGTGGGCTCGCTACCCCGGCCTTGATTACCGCCGGGTG
GTACGATGGCTTCGTGGGCGAGAGCCTCCGTACCTTCGTAGCTGTGAAGGACAACGCGGATGCGCGTCTGGTGGT GG
GGCCGTGGAGCCACAGCAATCTGACCGGCCETAATGCCGACCGTAAGTTTGGGATCGCCGCGACCTACCCCATCCAG
GAGGCGACGACCATGCACAAGGCTTTTTTCGACCGGCACCTCCGTGGCGAGACCGATGCCCTGGCAGGGGTGCCCAA
GGTGCGCCTCTTCCTANTGGCTATCCAT GACT GCGCGCCACGAGACCEACTCCCCATTGCCAGATACCCCTTACACGC
CTTTTTACCTCGGGGGCTCCEETGCGGCCAACACGAGCACGEETGGTGGEACCCTETCGACCTCGATCAGCEGCACE
GAGTCGGCGGACACCTACCTGTATGATCCTGCCGACCCCGTGCCAAGTCTGGGCGGCACCCTCCTCTTCCATAATGG
GGACAACGGTCCAGCTGACCAGCGCCCGATTCACGATCGCGACGACGTGCTGTGCTACTCCACCGAGGTGTTGACCG
ACCCCGTGGAAGTAACGGGGACGGETTTCGGCTCGCCTGTTCGTGTCCTCGTCGGCCGTGGATACCGATTTTACCGCC
AAGTTGGTCGACGTGTTCCCCGATGGTCGGGCAATCGCTCTCTGCGACGGCATCGTGCGTATGCGCTACCGGGAGAC
CTTGCTAANTCCTACGCTCATTGAGCCCCCTGACATTTACGACCTGCCTATT GATATGCTGGCCACCAGCCANCGTGT
TTTTGCCGGGCCACCGCATCATGETGCAAGTTAGCAGCTCGAACTTCCCGAAGTACGACCGCAACTCCAACACCEGC
GGCGTCATCGCTCGCGAGCAACTGGAGGAAATGTGCACCGCCGTAAACCGCATTCACCGCGGCCCCGAACALCCCGETC
CCATATCGTGCTGCCGATCATTAAGCGCGACTATAAGGACGACGACGATAAGTGA

cocE Amino acid sequence (SEQ ID NO: 75)

MVDGNYSVASNVMVPMRDGVRLAVDLYRPDADGPVPVLLVRNPYDK=DVFAWSTOSTNWLEFVRDGYAVVIODTRGL
FASEGEFVPHVDDEADAEDTLSWI LEQAWCDGNVGMEGVSYLGVTOQWQAAVSGVGGLKAIAPSMASADLYRAPWYGP
GGALSVEALLGWSALIGTGLITSRSDARPEDAADEVQLAATLNDVAGAASVTPLAEQPLLGRLIPWVIDQVVDHPDN
DESWOSISLEFERLGGLATPALITAGWYDGVGESLRTEVAVKDNADARLVVGPWSHSNLTGRNADRKFGIAATYPIQ
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EATTMHKAFFDRHLRGETDALAGVPKVRL=VMGIDEWRDETDWPLPDTAYTPFYLGGSGAANT STGGGTLSTSISGT
ESADTYLYDPADPVPSLGGTLLFHNGDNG2ADQRPIHDRDDVLCYSTEVLTDPVEVTGTVSARLEVSSSAVDTDETA
KLVDVEFPDGRAIALCDGIVRMRYRETLVN?TLIEAGEI YEVAIDMLATSNVELPGHRIMVQOVSSSNEFPKYDRNSNTG
GVIAREQLEEMCTAVNRIHRGPEHPSHIVLPIIKRDYKDDDDK-

crtE (SEQ ID NO: 76)
ATGTATCCGTTTATAAGGACAGCCCGAATGACGGTCTGCGCAAAANAACACGTTCATCTCACTCGCGATGCTGCGGA
GCAGTTACTGGCTGATATTGATCGACGCCTTGATCAGTTATTGCCCGETGGAGGGAGAACGGCGATGTTGTGGGETGCCG
CGATGCGTGAAGGTGCGCTGGCACCGGGAAAACGTATTCGCCCCATGTTGCTGTTGCTGACCGCCCGCGATCTGGGET
TGCGCTGTCAGCCATGACGGATTACTGGATTTGGCCTGTGCGGETGGAAATGGTCCACGCGGCTTCGCTGATCCTTGA
CGATATGCCCTGCATGGACGATGCGAAGCTGCGGCGCGGACGCCCTACCATTCATTCTCATTACGGAGAGCATGT GG
CAATACTGGCGGCGGTTGCCTTGCTGAGTAAAGCCTTTGGCGTAATTGCCGATGCAGATGGCCTCACGCCGCTGGCA
AAAAATCGGGCGGETTTCTGAACTGTCAAACGCCATCGGCATGCAAGGATTGGTTCAGGGTCAGTTCAAGGATCTGTC
TGAAGGGGATAAGCCGCGCAGCGCTGAAGCTATTTTGATGACGAAT CACTTTAAAACCAGCACGCTGTTTTGTGCCT
CCATGCAGATGGCCTCGATTGTTGCGAATGCCTCCAGCGAAGCGCETGATTGCCTGCATCGTTTTTCACTTGATCTT
GGTCAGGCATTTCAACTGCTGGACGATTTGACCGATGGCATGACCGACACCGGETAAGGATAGCAAT CAGGACGCLGG
TAAATCGACGCTGGTCAATCTGTTAGGCCCGAGGGCGGTTGAAGAACGTCTGAGACAACATCTTCAGCTTGCCAGTG
NAGCATCTCTCTGCGGCCTGCCANCACGGGCNACGCCACTCANCATTTTATTCAGGCCTGGTTTGACANNNNNCT CGCT
GCCGTCAGTTAA

crtB (SEQ ID NO: 77)
ATGAATAATCCGTCGTTACTCAAT CATGCGCT CGAAACGATGGCAGTTGGCT CGAAAAGTTTTGCGACAGCCTCARAA
GTTATTTGATGCAAAANCCCGGCGCAGCGTACTGATGCTCTACGCCTGGTGCCGCCATTGTGACGATGTTATTGACG
NTCAGNCGCTGGGCTTTCAGGCCCGGCNAGCCTGCCTTACANCGCCCGANCNNACGT CTGATGCANCT TGAGAT G
ACGCGCCAGGCCTATGCAGGATCGCAGATGCACGAACCGGCGTTTGCGGCTTTTCAGGAAGTGGCTATGGCTCATGA
TATCGCCCCGGCTTACGCGTTTGATCATCTGGAAGGCTTCGCCATGGATGTACGCGAAGCGCAATACAGCCAACTGG
ATGATACGCTGCGCTATTGCTATCACGTTGCAGGCGTTGTCGGCTTGATGAT GGCGCAAATCATGGGCGTGCGGGAT
ANCGCCACGCTGGACCGCGCCTGTGACCTTGGGCTGGCATTTCAGTTGACCAATATTGCTCGCGATATT GTGGACGA
TGCGCATGCGGGCCGCTGTTATCT GCCGGCAAGCTGGCTGCAGCAT GAAGGT CTGAACAAAGAGAATTATGCGGCAC
CTGAANNCCGTCNGGCGCTGNGCCGTATCGCCCGTCCTTTGCTGCAGCCANGCCAGNANCCTTACTATTTCGTCTGCCNACA
GCCGGCCTGGCAGGGTTGCCCCTGCGTTCCGCCTGGGCAATCGCTACGGCGAAGCAGGTTTACCGGAAAATAGGTGT
CAAAGTTGAACAGGCCGGTCAGCAAGCCTGGCGATCAGCGGCAGTCAACGACCACGCCCGAAAAATTAACGCTGCTGC
TGGCCGCCTCTGGTCAGGCCCTTACTTCCCGGATGCGGGCTCATCCTCCCCGCCCTGCGCATCTCTGGCAGCGCLCG
CTCTAG

crtl (SEQ ID NO: 78)

ATGAAACCAACTACGGTAATTGGTGCAGGCTTCGGTGGCCTGGCACTGGCAATTCGTCTACAAGCTGCGGGGATTCC
CGTCTTACTGCTTGAACAACGTGATARACCCGGCGGTCGGGCTTATGTCTACGAGGATCAGGGGTTTACCTTTGATG
CAGGCCCGACGGTTATCACCGATCCCAGTGCCATTGAAGAACTGTTTGCACT GGCAGGAAAACAGTTARAAGAGTAT
GTCGAACTGCTGCCGGTTACGCCGTTTTACCGCCTGTGTTGGGAGT CAGGGAAGGTCTTTAATTACGATAACGATCA
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AACCCGGCTCGAAGCGCAGATTCAGCAGTTTAATCCCCGCGATGTCGAAGGTTATCGT CAGTTTCTGGACTATTCAC
GCGCGGTGTTTAAAGAAGGCTATCTAAAGCTCGGTACTGTCCCTTTTTTATCGTTCAGAGACATGCTTCGCGCCGCA
CCTCAACTGGCGAAACTGCAGGCATGGAGAAGCGTTTACAGTAAGGTTGCCAGTTACATCGAAGATGAACATCTGCG
CCAGGCGTTTTCTTTCCACTCGCTGTTGGTGGGCGGCAATCCCTTCGCCACCTCATCCATTTATACGTTGATACACG
CGCTGGAGCGTGAGTGGGGCGTCTGGTTTCCGCGTGGCGGCACCGGCGCATTAGTTCAGGGGATGATAAAGCT GTTT
CAGGATCTGGGTGGCGAAGTCGTGTTAAACGCCAGAGT CAGCCACATGGAAACGACAGGARACAAGATT GAAGCCGT
GCATTTAGAGGACGGTCGCAGGTTCCTGACGCAAGCCGTCGCGT CAAATGCAGATGTGGTTCATACCTATCGCGACC
TGTTAAGCCAGCACCCTGCCGCGGTTAAGCAGTCCAACAAACTGCAGACTAAGCGCATGAGTAACTCTCTGTTTGTG
CTCTATTTTGGTTTGAATCACCATCATGATCAGCTCGCGCATCACACGGTTTGTTTCGGCCCGCGTTACCGCGAGCT
GATTGACGAAATTTTTAATCATGATGGCCTCGCAGAGGACTTCTCACTTTAT CTGCACGCGCCCTGTGTCACGGATT
CGTCACTGGCGCCTGAAGGTTGCGGCAGTTACTATGTGTTGGCGCCGGETGCCGCATTTAGGCACCGCGAACCT CGAC
TGGACGGTTGAGGGGCCAAAACTACGCGACCGTATTTTTGCGTACCTTGAGCAGCATTACATGCCTGGCTTACGGAG
TCAGCTGGTCACGCACCCCATGCTTTACCGCCCTTTCATTTTCGCGACCAGCTTAATGCCTATCATGGCTCAGCCTTTT
CTGTGGAGCCCGTTCTTACCCAGAGCGCCTGGTTTCGGCCGCATAACCGCGATAAAACCATTACTAATCTCTACCTG
GTCGGCGCAGGCACGCATCCCGGCGCAGGCATTCCTGGCGTCATCGGCTCGGCAAAAGCGACAGCAGGTTTGATGCT
GGAGGATCTGATTTGA

crtY (SEQ ID NO: 79)
ATGGGAGCGGCTATGCAACCGCATTATGATCTGATTCTCGTGGGGGCTGGACTCGCGAATGGCCTTATCGCCCTGCG
TCTCCAGCAGCAGCAACCTGATATGCGTATTTTGCTTATCGACGCCGCACCCCAGGCGGGCGGGAATCATACGTGEGT
CATTTCACCACGATGATTTGACTGAGAGCCAACATCGTTGGATAGCTCCGCTGGTGGTTCATCACTGGCCCGACTAT
CAGGTACGCTTTCCCACACGCCGTCGTAAGCTGAACAGCGGCTACTTTTGTATTACTTCTCAGCGTTTCGCTGAGGT
TTTACAGCGACAGTTTGGCCCGCACTTGTGGATGGATACCGCGGTCGCAGAGGTTAAT GCGGAATCTGTTCGGTTGA
AAANGGGTCAGGTTATCGGTGCCCGCGCGGTGATTGACGGGCGEGGTTATGCGGCAAATTCAGCACTGAGCGTGGGC
TTCCAGGCGTTTATTGGCCAGGAATGGCGATTGAGCCACCCGCATGGTTTATCGTCTCCCATTATCATGGATGCCAC
GGTCGATCAGCAAAATGGTTATCGCTTCGTGTACAGCCTGCCGCTCTCGCCGACCAGATTGTTAATTGAAGATACGC
ACTATATTGATAATGCGACATTAGATCCTGAATGCGCGCGGCAAAATATTTGCGACTATGCCGCGCAACAGGGTTGG
CAGCTTCAGACACTGCTGCGAGAAGAACAGGGCGCCTTACCCATTACTCTGT CGGGCAATGCCGACGCATTCTGGCA
GCAGCGCCCCCTGGCCTGTAGTGGATTACGTGCCGGTCTGTTCCATCCTACCACCGGCTATTCACTGCCGCTGGLGE
TTGCCGTGGCCGACCGCCTGAGTGCACTTGATGTCTTTACGTCGGCCTCAATTCACCATGCCATTACGCATTTTGCC
CGCGAGCGCTGGCAGCAGCAGGGCTTTTTCCGCATGCTGAATCGCATGCTGTTTTTAGCCGGACCCGCCGATTCACG
CTGGCGGGTTATGCAGCGTTTTTATGGTTTACCTGAAGATTTAATTGCCCGTTTTTATGCGGGAAAACT CACGCTGA
CCGATCGGCTACGTATTCTGAGCGGCAAGCCGCCTGTTCCGGTATTAGCAGCATTGCAAGCCATTATGACGACTCAT
CGTTGA

[00141] While exemplary embodiments have been shown and described herein, it will be obvious
to those skilled in the art that such embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will occur to those skilled in the art. It should be understood

that various alternatives to the embodiments described herein may be employed. It is intended that
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the following claims define the scope of the disclosure and that methods and structures within the

scope of these claims and their equivalents be covered thereby.
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CLAIMS
What is claimed is:

1. A nucleic acid construct comprising a modified inducible promoter, wherein the
modified inducible promoter comprises:

(a) a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a
transcriptional start site of the promoter;

(b) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a
transcriptional start site of the promoter; and

(©) anucleic acid sequence that encodes a bacterial ribosome binding sequence.

2. The nucleic acid construct of claim 1, wherein the nucleic acid construct further
comprises a transgene.

3. The nucleic acid construct of claim 1, wherein the modified inducible promoter,
when operatively linked to a transgene, facilitates expression of the transgene when the nucleic
acid construct is inserted into a cell.

4. The nucleic acid construct of claim 3, wherein the expression of the transgene in
the absence of an inducer is lower than an amount of expression in the absence of the inducer of
the transgene operatively coupled to a weak promoter in a comparable nucleic acid construct.

5. The nucleic acid construct of claim 3, wherein the expression of the transgene in
the presence of an inducer is at least equal to an amount of expression in the presence of the inducer
of the transgene operatively coupled to the strong promoter in the comparable nucleic acid
construct.

6. The nucleic acid construct of claim 2, wherein the transgene is selected from the
group consisting of: a crtW gene, a crtE gene, a crtY gene, a crtl gene, a crtZ gene, a crtEB gene,
a crtEBI gene, a crtEBIY gene, a crtEBIYZ gene, a crtEBI-YZW gene, an ABA1 gene, an ABA2
gene, and a CocE gene.

7. The nucleic acid construct of claim 1, wherein the nucleic acid construct further
comprises a sequence encoding a reporter gene.

8. The nucleic acid construct of claim 1, wherein the nucleic acid construct further
comprises one or more regulatory element.

9. The nucleic acid construct of claim 1, wherein the nucleic acid construct further
comprises a terminator sequence.

10. A nucleic acid construct comprising a sequence that is at least 85% identical to a

sequence comprising any one of: SEQ ID NOS: 1-14, 39-73.
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11. Anucleic acid construct comprising:

(a) a first modified inducible promoter sequence, wherein the first modified
inducible promoter sequence comprises the modified inducible promoter of any one of claims 1 to
10; and

(b) a second modified inducible promoter sequence, wherein the second modified
inducible promoter sequence comprises:

(1) a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a
transcriptional start site of the second modified inducible promoter sequence;
(i)) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a
transcriptional start site of the second modified inducible promoter sequence; and
(ii1) a nucleic acid sequence that encodes a second bacterial ribosome
binding sequence.
12. The nucleic acid construct of claim 11, wherein the nucleic acid construct further
comprises a transgene.
13. The nucleic acid construct of claim 11, wherein the modified inducible promoter,
when operatively linked to a transgene, facilitates expression of the transgene when the nucleic

acid construct is in the presence of an inducer.

14. The nucleic acid construct of claim 11, further comprising a terminator sequence.

15. The nucleic acid construct of claim 11, further comprising one or more regulatory
element.

16. The nucleic acid construct of claim 11, wherein the transgene comprises a

carotenoid biosynthesis pathway gene.

17. The nucleic acid construct of claim 16, wherein the transgene is selected from the
group consisting of: a crtW gene, a crtE gene, a crtY gene, a crtl gene, a crtZ gene, a crtEB gene,
a crtEBI gene, a crtEBIY gene, a crtEBIYZ gene, a crtEBI-YZW gene, an ABA1 gene, an ABA2
gene, and a CocE gene.

18. A composition comprising two or more of a nucleic acid construct of any one of
claims 1to 17,

19. An cell comprising the nucleic acid construct of any one of claims 1 to 17 or the
composition of claim 18.

20. The cell of claim 19, wherein the cell is a prokaryotic cell.

21. The cell of claim 20, wherein the prokaryotic cell is a bacterial cell.

22. The cell of claim 21, wherein the bacterial cell is a Gram-negative bacterial cell.

-76-



WO 2023/205693 PCT/US2023/065954

23. The cell of claim 22, wherein the Gram-negative bacterial cell is a P. putida
bacterium or a V. natriegens bacterium.

24, The cell of claim 21, wherein the bacterial cell is a Gram-positive bacterial cell.

25. The cell of claim 19, wherein the cell is a eukaryotic cell.

26. The cell of claim 19, wherein the cell is a mammalian cell.

27. A cell-free system comprising the nucleic acid construct of any one of claims 1 to
17 or the composition of claim 18; and an RNA polymerase.

28. The cell-free system of claim 27, further comprising a ribosome, an aminoacyl
transfer RNA, a translation factor, and a buffer.

29. A method of expressing a protein encoded by a transgene in a cell, the method
comprising;

(a) transforming a cell with a nucleic acid construct, wherein the nucleic acid

construct comprises a modified inducible promoter that comprises:

1) a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative
to a transcriptional start site of the modified inducible promoter;
(i1) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a
transcriptional start site of the modified inducible promoter;
(1ii) a nucleic acid that encodes a bacterial ribosome binding sequence;
and
(iv) a transgene; and

(b) contacting the cell with an inducer, thereby expressing the protein encoded

by the transgene.

30. The method of claim 29, wherein the cell is a prokaryotic cell.

31 The method of claim 30, wherein the prokaryotic cell is a bacterium.

32. The method of claim 29, wherein the cell is a eukaryotic cell.

33. The method of claim 31, wherein the bacterium is a P putida bacterium or a V.
natriegens bacterium.

34, The method of any one of claims 29 to 33, wherein the cell does not comprise a T7
promoter or a T7 polymerase.

35. The method of claim 34, wherein when in the absence of the inducer, the expression
of the protein is lower than the expression of the protein in a comparable cell comprising the

transgene operably linked to a T7 promoter.
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36. The method of any one of claims 31 to 35, wherein when in the presence of the
inducer, the expression of the protein is greater than the expression of the protein in a comparable
cell comprising the transgene operably linked to a T7 promoter.

37. Anon-naturally occurring organism comprising:

anucleic acid construct comprising:
(a) a first inducible promotor sequence comprising:

(1) a TATAATGT (SEQ ID NO: 44) sequence at position -10, relative to a

transcriptional start site of the first inducible promoter sequence;

(i) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a

transcriptional start site of the first inducible promoter sequence; and

(i11) a nucleic acid sequence that encodes a first bacterial ribosome binding

sequence;
(b) one or more of a biosynthesis pathway transgene; and
(c) a second modified inducible promotor sequence comprising:

(1) a TATAATGT (SEQ ID NO: 44) consensus sequence at position -10,
relative to a transcriptional start site of the second modified inducible promoter
sequence;

(i) a TTGACA (SEQ ID NO: 2) sequence at position -35, relative to a
transcriptional start site of the second modified inducible promoter sequence; and

(ii1) a nucleic acid sequence that encodes a second bacterial ribosome

binding sequence.

38. The non-naturally occurring organism of claim 37, wherein the one or more
biosynthesis pathway transgene is selected from the group consisting of: a crtW gene, a crtE gene,
a crtY gene, a crtl gene, a crtZ gene, a crtEB gene, a crtEBI gene, a crtEBILY gene, a crtEBIYZ
gene, a crtEBI-YZW gene, and a CocE gene.

39. The non-naturally occurring organism of claim 37 or claim 38, wherein the non-
naturally occurring organism comprises a bacterium.

40. The non-naturally occurring organism of claim 39, wherein the bacterium is a
Gram-negative bacterium.

41. The non-naturally occurring organism of claim 40, wherein the Gram-negative
bacterium is a P. putida bacterium or a V. natriegens bacterium.

42. The non-naturally occurring organism of claim 39, wherein the bacterium is a

Gram-positive bacterium.
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43. The non-naturally occurring organism of claim 37 or claim 38, wherein the non-
naturally occurring organism comprises a eukarvotic cell.

44, The non-naturally occurring organism of any one of claims 37 to 43, wherein the
nucleic acid construct comprises a terminator sequence.

45. The non-naturally occurring organism of any one of claims 37 to 44, wherein the
nucleic acid construct comprises one or more regulatory element.

46. The non-naturally occurring organism of any one of claims 37 to 45, wherein the
nucleic acid construct comprises a reporter gene.

47. A composition comprising the non-naturally occurring organism of any one of
claims 37 to 46; and an inducer.

438. The composition of claim 47, wherein the inducer comprises: anhydrotetracycline
(aTe), 1sopropyl B- d-1-thiogalactopyranoside, cocaine, metallothionine, ecdysone, an antibiotic
agent, galactose, a steroid, or a divalent cation.

49. A method for producing a protein, the method comprising: culturing the non-
naturally occurring organism of any one of claims 37 to 46 for a period of time; and contacting the
non-naturally occurring organism with an inducer, thereby producing the protein.

50. A method for producing a carotenoid, the method comprising: culturing the non-
naturally occurring organism of any one of claims 37 to 46 for a period of time; and contacting the
non-naturally occurring organism with an inducer, thereby producing the carotenoid.

51. A carotenoid produced by the method of claim 50, wherein the carotenoid is
lycopene, beta-carotene, zeaxanthin, canthaxanthin, or astaxanthine.

52. A method for producing benzoic acid, the method comprising: culturing the cell of
any one of claims 21 to 27 or the non-naturally occurring organism of any one of claims 37 to 46
for a period of time; and contacting the cell or the non-naturally occurring organism with an
inducer, thereby producing benzoic acid.

53. A composition comprising benzoic acid, wherein the benzoic acid is produced by
the method of claim 52.

54, AXkit comprising the nucleic acid construct of any one of claims 1 to 19, packaging,
buffers, and materials therefor.

55. Akit comprising the cell of any one of claims 21 to 27, packaging, culture medium,
buffers, and materials therefor.

56. A kit comprising the non-naturally occurring organism of any one of claims 37 to

46, packaging, culture medium, buffers, and materials therefor.
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57. A nucleic acid construct comprising a modified inducible promoter, wherein the
modified inducible promoter comprises:
(a) a TATAAT consensus sequence at position -10, relative to a transcriptional
start site of the promoter;
(b) a TTGACA sequence at position -35, relative to a transcriptional start site
of the promoter;
() a bacterial ribosome binding sequence;
wherein the modified inducible promoter, when operatively linked to a transgene,
facilitates expression of the transgene when the nucleic acid construct is inserted into a prokaryotic
cell in the presence of an inducer; and wherein:

(1) the expression of the transgene in the absence of the inducer is less
than an amount of expression in the absence of the inducer of the transgene operatively coupled to
a weak promoter in a comparable nucleic acid construct; and

(i1) the expression of the transgene in the presence of the inducer is at
least equal to an amount of expression in the presence of the inducer of the transgene operatively
coupled to the strong promoter in the comparable nucleic acid construct.

58. An isolated prokaryotic cell comprising the nucleic acid construct of claim 57.
59. A method of expressing a transgene in a prokaryotic cell that does not comprise a
T7 RNA polymerase, the method comprising:
(a) transforming a nucleic acid construct into the prokaryotic cell, wherein the
nucleic acid construct comprises a modified inducible promoter that comprises:

1) a TATAAT consensus sequence at position -10, relative to a
transcriptional start site of the promoter;

(i1) a TTGACA sequence at position -35, relative to a transcriptional
start site of the promoter; and

(ii1) a bacterial ribosome binding sequence; and

(b) contacting the prokaryotic cell with an inducer, thereby expressing the
transgene;
wherein

1) the expression of the transgene in the absence of the inducer is less

than an amount of expression in the absence of the inducer of the transgene operatively coupled to

aT7 promoter in a comparable nucleic acid construct; and
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(ii) the expression of the transgene in the presence of the inducer is
greater than an amount of expression in the presence of the inducer of the transgene operatively
coupled to the T7 promoter in the comparable nucleic acid construct.

60. A nucleic acid construct comprising a modified inducible promoter, wherein the
modified inducible promoter comprises:
(a) a TXTXXTGT (SEQ ID NO: 45) sequence at position -10, relative to a
transcriptional start site of the promoter;
(b) a TXGXCX (SEQ ID NO: 46) sequence at position -35, relative to a
transcriptional start site of the promoter; and
(©) anucleic acid sequence that encodes a bacterial ribosome binding sequence.
61. A nucleic acid construct comprising a modified inducible promoter, wherein the
modified inducible promoter comprises:
(a) a TXTXXT (SEQ ID NO: 47) sequence at position -10, relative to a
transcriptional start site of the promoter;
(b) a TXGXCX (SEQ ID NO: 46) sequence at position -35, relative to a
transcriptional start site of the promoter; and
(©) anucleic acid sequence that encodes a bacterial ribosome binding sequence.
62. Any nucleic acid, nucleic acid construct, composition, cell, non-naturally occurring

organism, cell-free system, kit, or method provided herein.
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