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Description

Title of Invention: JASMONOYL-COENZYME A (JA-COA)

[0001]

[0002]

[0003]

THIOESTERASES AND USES THEREOF
Technical Field

The field of the invention relates to cells, enzymes, and processes useful in the

production of jasmonic acid molecules.

Background Art

Jasmonic acid (“JA” ) is an organic compound with a chemical formula of C¢HgO,. It
and its derivatives are usually known as “jasmonates” and find a great number of ap-
plications in the agricultural, flavors and fragrances, and biopharmaceutical arts. Tradi-
tionally, filamentous fungi have been the only commercially viable source of
biosynthetic jasmonates. However, the yields tend to be highly correlated with fungal
morphology which raises a substantial challenge for the production of jasmonic acid in

conventional fermenter apparatuses.
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Summary of Invention

Provided herein are AtACH2 homologs identified in Lasiodiplodia iranensis that
demonstrate jasmonic acid-CoA (JA-CoA) thioesterase activity.

Some aspects of the present disclosure provide methods of hydrolyzing jasmonic
acid-CoA (JA-CoA), the method comprising incubating a reaction mixture comprising
the JA-CoA and a polypeptide comprising an amino acid sequence that is at least 70%
(e.g., at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 98%, or at least 99%) identical to any one of SEQ ID NOs: 1-3. In some em-
bodiments, the polypeptide comprises the amino acid of any one of SEQ ID NO: 1-3.

In some embodiments, hydrolyzing JA-CoA produces jasmonic acid. In some em-
bodiments, the reaction mixture is in vitro. In some embodiments, the reaction mixture
is in a cell. In some embodiments, the cell comprises a nucleic acid encoding the
polypeptide. In some embodiments, the cell is a bacterium, a yeast, a filamentous
fungus, a cyanobacterial alga, or a plant cell. In some embodiments, the cells is an E.
Coli cell.
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Other aspect of the present disclosure provide nucleic acid molecules comprising a
nucleotide sequence at least 70% identical (e.g., at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%) to any one
of SEQ ID NOs: 4-6. In some embodiments, the nucleic acid molecule comprises the

nucleotide sequence of any one of SEQ ID NOs: 4-6.
Further provided herein are recombinant cells comprising the nucleic acid molecules

described herein.

Brief Description of Drawings

[Fig.1]FIG. 1. Structure of jasmonic acid and methyl jasmonate.

[Fig.2]FIG. 2. SDS-PAGE analysis of Ni-NTA resin purified proteins. 1: Negative
control; 2: AtACH2, 48 kD; 3: LI-g5513, 40 kD; M, NEB blue prestained protein
standard.

[Fig.3]FIG. 3. HPLC analysis of C12-CoA (dodecanoyl-coa), JA-CoA and JA
standards.

[Fig. 4]FIG. 4. HPLC analysis of enzymatic reaction products from C12-CoA substrate.
The enzymatic product, C12 (lauric acid) is not visible under UV detector.

[Fig.5]FIG. 5. HPLC analysis of enzymatic reaction products from JA-CoA substrate.
Description of Embodiments

Definitions:

As used herein, the singular forms "a, an" and "the" include plural references unless
the content clearly dictates otherwise.

To the extent that the term "include,” "have," or the like is used in the description or
the claims, such term is intended to be inclusive in a manner similar to the term
"comprise" as "comprise” is interpreted when employed as a transitional word in a
claim.

The word "exemplary" is used herein to mean "serving as an example, instance, or il-
lustration”. Any embodiment described herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other embodiments.

“Cellular system” is any cells that provide for the expression of ectopic proteins. It
includes bacteria, yeast, filamentous fungi, plant cells and animal cells. It includes both
prokaryotic and eukaryotic cells. It also includes the in vitro expression of proteins
based on cellular components, such as ribosomes.

“Coding sequence” is to be given its ordinary and customary meaning to a person of
ordinary skill in the art, and is used without limitation to refer to a DNA sequence that
encodes for a specific amino acid sequence.

“Growing the Cellular System”. Growing includes providing an appropriate medium

that would allow cells to multiply and divide. It also includes providing resources so
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[0018]

that cells or cellular components can translate and make recombinant proteins.

“Protein Expression”. Protein production can occur after gene expression. It consists
of the stages after DNA has been transcribed to messenger RNA (mRNA). The mRNA
is then translated into polypeptide chains, which are ultimately folded into proteins.
DNA may be present in the cells through transfection - a process of deliberately in-
troducing nucleic acids into cells. The term is often used for non-viral methods in eu-
karyotic cells. It may also refer to other methods and cell types, although other terms
are preferred: "transformation” is more often used to describe non-viral DNA transfer
in bacteria, non-animal eukaryotic cells, including plant cells. In animal cells,
transfection is the preferred term as transformation is also used to refer to progression
to a cancerous state (carcinogenesis) in these cells. Transduction is often used to
describe virus-mediated DNA transfer. Transformation, transduction, and viral
infection are included under the definition of transfection for this application.

According to the current disclosure, a “filamentous fungus” or “mold” is a eukaryotic
microorganism classified as a member of the fungus kingdom. Filamentous fungi
typically grow in the form of multicellular filaments called hyphae. In contrast, fungi
that can adopt a single-celled growth habit are called “yeasts”. Yeasts are unicellular
organisms which evolved from multicellular ancestors. Yeast species useful for the
current disclosure include but are not limited to those that have the ability to develop
multicellular characteristics by forming strings of connected budding cells known as
pseudohyphae or false hyphae.

The term "complementary" is to be given its ordinary and customary meaning to a
person of ordinary skill in the art, and is used without limitation to describe the rela-
tionship between nucleotide bases that are capable to hybridizing to one another. For
example, with respect to DNA, adenosine is complementary to thymine and cytosine is
complementary to guanine. Accordingly, the subject technology also includes isolated
nucleic acid fragments that are complementary to the complete sequences as reported
in the accompanying Sequence Listing as well as those substantially similar nucleic
acid sequences.

The terms "nucleic acid" and "nucleotide" are to be given their respective ordinary
and customary meanings to a person of ordinary skill in the art, and are used without
limitation to refer to deoxyribonucleotides or ribonucleotides and polymers thereof in
either single- or double-stranded form. Unless specifically limited, the term en-
compasses nucleic acids containing known analogues of natural nucleotides that have
similar binding properties as the reference nucleic acid and are metabolized in a
manner similar to naturally-occurring nucleotides.

As used herein, the term “nucleotide sequence” refers to a heteropolymer of nu-

cleotides or the sequence of these nucleotides from the 5’ to 3" end of a nucleic acid
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[0020]
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[0022]

molecule and includes DNA or RNA molecules, including cDNA, a DNA fragment or
portion, genomic DNA, synthetic, e.g. chemically synthesized, DNA, plasmid DNA,
mRNA, and anti-sense RNA, any of which can be single stranded or double stranded.

% <é

The terms “nucleotide sequence” “nucleic acid,” “nucleic acid molecule,”
“oligonucleotide” and “polynucleotide” are also used interchangeably herein to refer to
a heteropolymer of nucleotides. Nucleic acid molecules and/or nucleotide sequences
provided herein are presented herein in the 5" to 3” direction, from left to right and are
represented using the standard code for representing the nucleotide characters as set
forth in the U.S. sequence rules, 37 CFR §§ 1.821-1.825 and the World Intellectual
Property Organization (WIPO) Standard ST.25. Unless otherwise indicated, a
particular nucleic acid sequence also implicitly encompasses conservatively modified
or degenerate variants thereof (e.g., degenerate codon substitutions) and com-
plementary sequences, as well as the sequence explicitly indicated.

As used herein, the term “gene” refers to a nucleic acid molecule capable of being
used to produce mRNA, antisense RNA, miRNA, anti-microRNA antisense
oligodeoxyribonucleotide (AMO), and the like. Genes may or may not be capable of
being used to produce a functional protein or gene product. Genes can include both
coding and non-coding regions, e.g. introns, regulatory elements, promoters,
enhancers, termination sequences and/or 5" and 3’ untranslated regions. A gene may be
“isolated” by which is meant a nucleic acid that is substantially or essentially free from
components normally found in association with the nucleic acid in its natural state.
Such components include other cellular material, culture medium from recombinant
production, and/or various chemicals used in chemically synthesizing the nucleic acid.

A “codon optimized” version of a gene refers to an exogenous gene introduced into a
cell and where the codons of the gene have been optimized with regard to the
particular cell. Typically, not all tRNAs are expressed equally or at the same level
across species. Codon optimization of a gene sequence thereby involves changing
codons to match the most prevalent tRNAs, i.e. to change a codon recognized by a low
prevalent tRNA with a synonymous codon recognized by a tRNA that is comparatively
more prevalent in the given fungal cell. This way the mRNA from the codon optimized
gene will be more efficiently translated. The codon and the synonymous codon
preferably encode the same amino acid.

“Genetical modification” or “genetically modified” as used herein involves such
genetic modifications to the genome of the fungal cell, such as yeast, and/or in-
troduction of exogenous nucleotide sequences, such as in the form of one or more
plasmids, into the fungal cell, such as yeast.

The term "isolated" is to be given its ordinary and customary meaning to a person of

ordinary skill in the art, and when used in the context of an isolated nucleic acid or an
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isolated polypeptide, is used without limitation to refer to a nucleic acid or polypeptide
that, by the hand of man, exists apart from its native environment and is therefore not a
product of nature. An isolated nucleic acid or polypeptide can exist in a purified form

or can exist in a non-native environment such as, for example, in a transgenic host cell.

The terms "incubating" and "incubation" as used herein means a process of mixing
two or more chemical or biological entities (such as a chemical compound and an
enzyme) and allowing them to interact under conditions favorable for producing a
composition that includes a jasmonate compound.

The term "degenerate variant” refers to a nucleic acid sequence having a residue
sequence that differs from a reference nucleic acid sequence by one or more de-
generate codon substitutions. Degenerate codon substitutions can be achieved by
generating sequences in which the third position of one or more selected (or all)
codons is substituted with mixed base and/or deoxy inosine residues. A nucleic acid
sequence and all of its degenerate variants will express the same amino acid or
polypeptide.

"o

The terms "polypeptide,” "protein,” and "peptide" are to be given their respective
ordinary and customary meanings to a person of ordinary skill in the art; the three
terms are sometimes used interchangeably, and are used without limitation to refer to a
polymer of amino acids, or amino acid analogs, regardless of its size or function.
Although "protein" is often used in reference to relatively large polypeptides, and
"peptide” is often used in reference to small polypeptides, usage of these terms in the
art overlaps and varies. The term "polypeptide" as used herein refers to peptides,

"o

polypeptides, and proteins, unless otherwise noted. The terms "protein,” "polypeptide,”
and "peptide" are used interchangeably herein when referring to a polynucleotide
product. Thus, exemplary polypeptides include polynucleotide products, naturally
occurring proteins, homologs, orthologs, paralogs, fragments and other equivalents,
variants, and analogs of the foregoing.

The terms "polypeptide fragment” and "fragment," when used in reference to a
reference polypeptide, are to be given their ordinary and customary meanings to a
person of ordinary skill in the art, and are used without limitation to refer to a
polypeptide in which amino acid residues are deleted as compared to the reference
polypeptide itself, but where the remaining amino acid sequence is usually identical to
the corresponding positions in the reference polypeptide. Such deletions can occur at
the amino-terminus or carboxy-terminus of the reference polypeptide, or alternatively
both.

The term "functional fragment" of a polypeptide or protein refers to a peptide
fragment that is a portion of the full-length polypeptide or protein, and has sub-

stantially the same biological activity, or carries out substantially the same function as
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the full-length polypeptide or protein (e.g., carrying out the same enzymatic reaction).

"o

The terms "variant polypeptide,” "modified amino acid sequence" or "modified
polypeptide," which are used interchangeably, refer to an amino acid sequence that is
different from the reference polypeptide by one or more amino acids, e.g., by one or
more amino acid substitutions, deletions, and/or additions. In an aspect, a variant is a
"functional variant” which retains some or all of the ability of the reference
polypeptide.

The term "functional variant" further includes conservatively substituted variants.
The term "conservatively substituted variant" refers to a peptide having an amino acid
sequence that differs from a reference peptide by one or more conservative amino acid
substitutions, and maintains some or all of the activity of the reference peptide. A "con-
servative amino acid substitution" is a substitution of an amino acid residue with a
functionally similar residue. Examples of conservative substitutions include the sub-
stitution of one non-polar (hydrophobic) residue such as isoleucine, valine, leucine or
methionine for another; the substitution of one charged or polar (hydrophilic) residue
for another such as between arginine and lysine, between glutamine and asparagine,
between threonine and serine; the substitution of one basic residue such as lysine or
arginine for another; or the substitution of one acidic residue, such as aspartic acid or
glutamic acid for another; or the substitution of one aromatic residue, such as pheny-
lalanine, tyrosine, or tryptophan for another. Such substitutions are expected to have
little or no effect on the apparent molecular weight or isoelectric point of the protein or
polypeptide. The phrase "conservatively substituted variant” also includes peptides
wherein a residue is replaced with a chemically-derivatized residue, provided that the
resulting peptide maintains some or all of the activity of the reference peptide as
described herein.

The term "variant,” in connection with the polypeptides of the subject technology,
further includes a functionally active polypeptide having an amino acid sequence at
least 75%, at least 76%, at least 77%, at least 78%, at least 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%, or even
100% identical to the amino acid sequence of a reference polypeptide.

The term "homologous" in all its grammatical forms and spelling variations refers to
the relationship between polynucleotides or polypeptides that possess a "common evo-
lutionary origin," including polynucleotides or polypeptides from super families and
homologous polynucleotides or proteins from different species (Reeck et al., Cell
50:667, 1987). Such polynucleotides or polypeptides have sequence homology, as

reflected by their sequence similarity, whether in terms of percent identity or the
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presence of specific amino acids or motifs at conserved positions. For example, two
homologous polypeptides may have amino acid sequences that are at least 75%, at
least 76%, at least 77%, at least 78%, at least 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%, or even 100%
identical.

"Suitable regulatory sequences” is to be given its ordinary and customary meaning to
a person of ordinary skill in the art, and is used without limitation to refer to nucleotide
sequences located upstream (5' non-coding sequences), within, or downstream (3' non-
coding sequences) of a coding sequence, and which influence the transcription, RNA
processing or stability, or translation of the associated coding sequence. Regulatory
sequences may include promoters, translation leader sequences, introns, and
polyadenylation recognition sequences.

"Promoter” is to be given its ordinary and customary meaning to a person of ordinary
skill in the art, and is used without limitation to refer to a DNA sequence capable of
controlling the expression of a coding sequence or functional RNA. Typically, a
coding sequence is located 3' to a promoter sequence. Promoters may be derived in
their entirety from a native gene, or be composed of different elements derived from
different promoters found in nature, or even comprise synthetic DNA segments. It is
understood by those skilled in the art that different promoters may direct the ex-
pression of a gene in different tissues or cell types, or at different stages of de-
velopment, or in response to different environmental conditions. Promoters, which
cause a gene to be expressed in most cell types at most times, are commonly referred
to as "constitutive promoters”. It is further recognized that since in most cases the
exact boundaries of regulatory sequences have not been completely defined, DNA
fragments of different lengths may have identical promoter activity.

The term "operably linked" refers to the association of nucleic acid sequences on a
single nucleic acid fragment so that the function of one is affected by the other. For
example, a promoter is operably linked with a coding sequence when it can affect the
expression of that coding sequence (i.e., that the coding sequence is under the tran-
scriptional control of the promoter). Coding sequences can be operably linked to
regulatory sequences in sense or antisense orientation.

The term "expression” as used herein, is to be given its ordinary and customary
meaning to a person of ordinary skill in the art, and is used without limitation to refer
to the transcription and stable accumulation of sense (mRNA) or antisense RNA
derived from the nucleic acid fragment of the subject technology.

Y e

The term “overexpress,” “overexpresses” or “overexpression” as used herein refers to



WO 2023/199843 PCT/JP2023/014276

[0037]

[0038]

[0039]

higher levels of activity of a gene, e.g. transcription of the gene; higher levels of
translation of mRNA into protein; and/or higher levels of production of a gene product,
e.g. polypeptide, than would be in the cell in its native or control, e.g. not transformed
with the particular heterologous or recombinant polypeptides being overexpressed,
state. A typical example of an overexpressed gene is a gene under transcription control
of another promoter as compared to the native promoter of the gene. Also, or alter-
natively, other changes in the control elements of a gene, such as enhancers, could be
used to overexpress the particular gene. Furthermore, modifications that affect, i.e.
increase, the translation of the mRNA transcribed from the gene could, alternatively or
in addition, be used to achieve an overexpressed gene as used herein. These terms can
also refer to an increase in the number of copies of a gene and/or an increase in the
amount of mRNA and/or gene product in the cell. Overexpression can result in levels
that are 25%, 50%, 100%, 200%, 500%, 1000%, 2000% or higher in the cell, as
compared to control levels.

"Transformation" is to be given its ordinary and customary meaning to a person of
reasonable skill in the craft, and is used without limitation to refer to the transfer of a
polynucleotide into a target cell. The transferred polynucleotide can be incorporated
into the genome or chromosomal DNA of a target cell, resulting in genetically stable
inheritance, or it can replicate independent of the host chromosomal. Host organisms
containing the transformed nucleic acid fragments are referred to as "transgenic" or
“transformed”.

"o

The terms "transformed," "transgenic," and "recombinant,” when used herein in
connection with host cells, are to be given their respective ordinary and customary
meanings to a person of ordinary skill in the art, and are used without limitation to
refer to a cell of a host organism, such as a plant or microbial cell, into which a het-
erologous nucleic acid molecule has been introduced. The nucleic acid molecule can
be stably integrated into the genome of the host cell, or the nucleic acid molecule can
be present as an extrachromosomal molecule. Such an extrachromosomal molecule can
be auto-replicating. Transformed cells, tissues, or subjects are understood to
encompass not only the end product of a transformation process, but also transgenic
progeny thereof.

The terms "recombinant,” "heterologous,” and "exogenous,"” when used herein in
connection with polynucleotides, are to be given their ordinary and customary
meanings to a person of ordinary skill in the art, and are used without limitation to
refer to a polynucleotide (e.g., a DNA sequence or a gene) that originates from a
source foreign to the particular host cell or, if from the same source, is modified from
its original form. Thus, a heterologous gene in a host cell includes a gene that is en-

dogenous to the particular host cell but has been modified through, for example, the
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use of site-directed mutagenesis or other recombinant techniques. The terms also
include non-naturally occurring multiple copies of a naturally occurring DNA
sequence. Thus, the terms refer to a DNA segment that is foreign or heterologous to
the cell, or homologous to the cell but in a position or form within the host cell in
which the element is not ordinarily found.

Similarly, the terms "recombinant,” "heterologous," and "exogenous," when used
herein in connection with a polypeptide or amino acid sequence, means a polypeptide
or amino acid sequence that originates from a source foreign to the particular host cell
or, if from the same source, is modified from its original form. Thus, recombinant
DNA segments can be expressed in a host cell to produce a recombinant polypeptide.

An “endogenous”, “native” or “wild type” nucleic acid, nucleotide sequence,
polypeptide or amino acid sequence refers to a naturally occurring or endogenous
nucleic acid, nucleotide sequence, polypeptide or amino acid sequence. Thus, for
example, a “wild type mRNA” is an mRNA that is naturally occurring in or en-
dogenous to the organism. A “homologous” nucleic acid sequence is a nucleotide
sequence naturally associated with a host cell into which it is introduced.

The terms "plasmid," "vector," and "cassette" are to be given their respective
ordinary and customary meanings to a person of ordinary skill in the art, and are used
without limitation to refer to an extra chromosomal element often carrying genes
which are not part of the central metabolism of the cell, and usually in the form of
circular double-stranded DNA molecules. Such elements may be autonomously
replicating sequences, genome integrating sequences, phage or nucleotide sequences,
linear or circular, of a single- or double-stranded DNA or RNA, derived from any
source, in which a number of nucleotide sequences have been joined or recombined
into a unique construction which is capable of introducing a promoter fragment and
DNA sequence for a selected gene product along with appropriate 3' untranslated
sequence into a cell. "Transformation cassette" refers to a specific vector containing a
foreign gene and having elements in addition to the foreign gene that facilitate trans-
formation of a particular host cell. "Expression cassette" refers to a specific vector
containing a foreign gene and having elements in addition to the foreign gene that
allow for enhanced expression of that gene in a foreign host.

As used herein, the term “increased copy number” means at least one extra copy of at
least the polypeptide coding sequence of a given gene is present in a recombinant cell
as compared to the number of copies of the same gene in a parental cell, e.g., a wild-
type cell, from which the recombinant cell is derived. For example, the recombinant
cell may contain 1, 2, 3, 4, 5, 10, or more extra copies of at least the polypeptide
coding sequence of a given gene relative to the number of copies of that same gene in

the parental cell. The extra copies of a given gene may be integrated into the genome
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[0044]

[0045]

[0046]

of the recombinant cell or may be present on one or more autonomously replicating
vectors or plasmids present in the recombinant cell.

As used herein, the term "sequence identity" refers to the extent to which two
optimally aligned polynucleotide or peptide sequences are invariant throughout a
window of alignment of components, €.g., nucleotides or amino acids. An "identity
fraction" for aligned segments of a test sequence and a reference sequence is the
number of identical components which are shared by the two aligned sequences
divided by the total number of components in reference sequence segment, i.€., the
entire reference sequence or a smaller defined part of the reference sequence.

As used herein, the term "percent sequence identity" or "percent identity" refers to
the percentage of identical nucleotides in a linear polynucleotide sequence of a
reference ("query") polynucleotide molecule (or its complementary strand) as
compared to a test ("subject") polynucleotide molecule (or its complementary strand)
when the two sequences are optimally aligned (with appropriate nucleotide insertions,
deletions, or gaps totaling less than 20 percent of the reference sequence over the
window of comparison). Optimal alignment of sequences for aligning a comparison
window are well known to those skilled in the art and may be conducted by tools such
as the local homology algorithm of Smith and Waterman, the homology alignment
algorithm of Needleman and Wunsch, the search for similarity method of Pearson and
Lipman, and preferably by computerized implementations of these algorithms such as
GAP, BESTFIT, FASTA, and TFASTA available as part of the GCG(registered
trademark) Wisconsin Package(registered trademark) (Accelrys Inc., Burlington, MA).
An "identity fraction" for aligned segments of a test sequence and a reference sequence
is the number of identical components which are shared by the two aligned sequences
divided by the total number of components in the reference sequence segment, i.e., the
entire reference sequence or a smaller defined part of the reference sequence. Percent
sequence identity is represented as the identity fraction multiplied by 100. The
comparison of one or more polynucleotide sequences may be to a full-length polynu-
cleotide sequence or a portion thereof, or to a longer polynucleotide sequence. For
purposes of this disclosure "percent identity" may also be determined using BLASTX
version 2.0 for translated nucleotide sequences and BLASTN version 2.0 for polynu-
cleotide sequences.

The percent of sequence identity is preferably determined using the "Best Fit" or
"Gap" program of the Sequence Analysis Software Package(trademark) (Version 10;
Genetics Computer Group, Inc., Madison, WI). "Gap" utilizes the algorithm of
Needleman and Wunsch (Needleman and Wunsch, Journal of Molecular Biology
48:443-453, 1970) to find the alignment of two sequences that maximizes the number

of matches and minimizes the number of gaps. "BestFit" performs an optimal
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[0047]

[0048]

[0049]

[0050]

alignment of the best segment of similarity between two sequences and inserts gaps to
maximize the number of matches using the local homology algorithm of Smith and
Waterman (Smith and Waterman, Advances in Applied Mathematics, 2:482-489, 1981,
Smith et al., Nucleic Acids Research 11:2205-2220, 1983). The percent identity is
most preferably determined using the "Best Fit" program.

Useful methods for determining sequence identity are also disclosed in the Basic
Local Alignment Search Tool (BLAST) programs which are publicly available from
National Center Biotechnology Information (NCBI) at the National Library of
Medicine, National Institute of Health, Bethesda, Md. 20894; see BLAST Manual,
Altschul et al., NCBI, NLM, NIH; Altschul et al., J. Mol. Biol. 215:403-410 (1990);
version 2.0 or higher of BLAST programs allows the introduction of gaps (deletions
and insertions) into alignments; for peptide sequence BLASTX can be used to
determine sequence identity; and, for polynucleotide sequence BLASTN can be used
to determine sequence identity.

As used herein, the term "substantial percent sequence identity"” refers to a percent
sequence identity of at least about 70% sequence identity, at least about 80% sequence
identity, at least about 85% identity, at least about 90% sequence identity, or even
greater sequence identity, such as about 98% or about 99% sequence identity. Thus,
one embodiment of the invention is a polynucleotide molecule that has at least about
70% sequence identity, at least about 80% sequence identity, at least about 85%
identity, at least about 90% sequence identity, or even greater sequence identity, such
as about 98% or about 99% sequence identity with a polynucleotide sequence
described herein. Polynucleotide molecules encoding proteins that have the activity of
the gs5119 sequence of the current disclosure are capable of directing the production
of a variety of jasmonic compounds and have a substantial percent sequence identity to
the polynucleotide sequences provided herein and are encompassed within the scope of
this disclosure.

As used herein, the term “identity” is the fraction of amino acids that are the same
between a pair of sequences after an alignment of the sequences (which can be done
using only sequence information or structural information or some other information,
but usually it is based on sequence information alone), and the term “‘similarity” refers
to the score assigned based on an alignment using some similarity matrix. The
similarity index can be any one of the following BLOSUM62, PAM250, or GONNET,
or any matrix used by one skilled in the art for the sequence alignment of proteins.

Identity is the degree of correspondence between two sub-sequences (no gaps
between the sequences). An identity of 25% or higher implies similarity of function,
while 18- 25% implies similarity of structure or function. Keep in mind that two

completely unrelated or random sequences (that are greater than 100 residues) can
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have higher than 20% identity. Similarity is the degree of resemblance between two
sequences when they are compared. This is dependent on their identity.

[0051]  Asis evident from the present description, certain aspects of the present disclosure
are not limited by the particular details of the examples illustrated herein, and it is
therefore contemplated that other modifications and applications, or equivalents
thereof, will occur to those skilled in the art. It is accordingly intended that the claims
shall cover all such modifications and applications that do not depart from the spirit
and scope of the present disclosure.

[0052] Moreover, unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which the disclosure belongs. Although any methods and materials similar to or
equivalent to or those described herein can be used in the practice or testing of the
present disclosure, the preferred methods and materials are described above.

[0053] EXAMPLES

Jasmonic acid (JA) was first identified as a natural product in 1971 from a fil-
amentous fungus, Lasiodiplodia theobromae (Aldridge et al., 1971). In 1990s, JA and
its methyl ester, methyl jasmonate (MeJA), collectively called as jasmonates were
identified as a new class of plant hormones that mediate plant defense against insect
herbivores (Farmer and Ryan, 1990, 1992; Farmer et al., 1992; Howe et al., 1996) and
microbial pathogens (Vijayan et al., 1998) as well as the massive production of
secondary metabolites (Gundlach et al., 1992).

Methyl jasmonate which gives an odor reminiscent of the floral heart of jasmine has
a floral taste with jasmine notes and is used for its floral notes for peach, apricot, grape
and other flavors. Flavor and Extract Manufacturers Association (FEMA) has
approved its use in food with the number of 3410. In addition, methyl jasmonate has
been discovered to induce cytochrome C release in the mitochondria of cancer cells,
leading to cell death, but not to harm normal cells (Rotem et al., 2005). Thus, it has a
great potential to be developed into a novel class of anticancer drugs.

Due to the importance of jasmonates in agriculture, flavor and fragrance industry,
and potentially medicine, large quantities are needed for their various applications.
Although jasmonates can be synthesized by organic chemistry, consumer demand for
‘natural’ flavors has generated a strong need for bio-based processes. More importantly,
chemically synthesized jasmonates are a mixture of biologically active and inactive
isomers whereas bio-based jasmonates are dominated by biologically active isomers.
Unfortunately, similar to other plant hormones, JA and MeJA exist only in trace
amounts in higher plants e. g. less than 10 pg in one kg of induced fresh tomato leaves
(Chen et al., 2006).

We are interested in developing biotechnological processes in heterologous systems
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for the production of various natural products using modern synthetic biology tools. A
prerequisite for our work is the cloning and characterization of the corresponding
genes in the native production hosts.

Although JA pathway has been well studied in plants and almost all of its biosynthetic
genes have been identified (Li et al., 2005), the last step catalyzed by JA-CoA
thioesterase has not been characterized and the corresponding gene has not been
identified.

JA-CoA thioesterase controls the release of JA from JA-CoA, the product of the final
round of (3-oxidation. The identification of a bona fide JA-CoA thioesterase may help
us to prevent the pre-matured release of other acy-CoA intermediates such as OPC-
6:0-CoA or OPC-4:0-CoA in heterologous systems.

Acyl-CoA thioesterases (EC 3.1.2.2) catalyze the hydrolysis of fatty acyl-CoAs to free
fatty acids and CoASH. Arabidopsis ACH2 is the first acyl-CoA thioesterase to be
cloned from plants (Tilton et al., 2004). However, the physiological function of ACH2
is largely unknown although it has been suggested that ACH2 activity is not linked to
fatty acid oxidation as has been suggested for its eukaryotic homologs, but rather has a
unique role in the plant cell (Tilton et al., 2004).

In this invention, we reported that Arabidopsis ACH2 and its fungal homologue have
JA-CoA thioesterase activities.

Materials and methods

The genome sequence and RNAseq libraries of Lasiodiplodia iranensis was obtained
from Professor Pu Zheng, Jiangnan University, Wuxi, China. The detailed description
of the fungal strain and its sequencing procedures could be found in Dong et al., Zheng
et al., and Sun et al. in the “References” section below.

ACH2 homolgues in a filamentous fungus, Lasiodiplodia iranensis was synthesized.
The synthesized genes were cloned into pET-28a vector via Ndel and Xhol sites. The
resulting plasmids were used to transform Lucigen HI-Control BL21(DE3) cells
(Middleton, WI) for protein expression.

In a typical experiment, an overnight culture was used to inoculate liquid LB medium
(2%) containing 50 mg/L of kanamycin. The culture was first grown at 37°C to an
0OD600 of 0.6 and cooled down to 16°C. Then 1 mM of IPTG was added to induce
protein expression. After 16 hours of incubation at 16°C, the culture was harvested and
cell pellets were kept at -80°C until use.

His-tagged proteins were isolated using Ni-NTA resin as previously described (Chen et
al., 2004) and visualized by SDS-PAGE analysis (FIG. 2).

JA-CoA was synthesized using known methods. Acyl-CoA thioesterase activity assay
was performed in 100 mM Tris-HCI, pHS8.3 with 100 mg/L acyl-CoA and 20 ul of

protein elution added. The reaction was performed at room temperature for 30 min.
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Enzyme reaction was stopped by adding acetic acid. After centrifugation at 14,000
rpmX 10 min, the supernatant was analyzed by HPLC (FIG. 3). The HPLC was
performed on Thermo Scientific Dionex Ultimate 3000 using an Acclaim(trademark)
120, C18 column (3 wm 120A, 3X150 mm). The mobile phases are : A, 0.1% TFA
(trifluoroacetic acid) and B, acetonitrile with the gradient: 0-5 min, 20% B; 5-8 min,
20-80% B; 8-15 min, 80% B; 15-16 min, 80-20% B; 16-18 min, 20% B. The detector
wavelength for JA is 200 nm.

The results show that ACH2 and LI-g5513 show C12-CoA thioesterase activities (FIG.
4) and JA-CoA thioesterase activities (FIG. 5). As shown in FIG. 5, both AtACH2 and
LI-g5513 can hydrolyze JA-CoA completely into JA whereas in the negative control,
no JA-CoA was hydrolyzed and no JA was produced.

The results confirmed that AtACH2 has C12-CoA thioesterase activity reported by
Tilton et al. (2004). AtACH2 and LI-g5513 were identified as novel JA-CoA

thioesterases.
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SEQUENCES OF INTEREST

>Arabidopsis ACH2 protein sequence (SEQ IDNG: 1)
MANTESVVEFLGNVPLLQKILPSSSLKKIAQVVVPKRYGKGDYVVREDQTWDGCYFIL
QGEAQVSGPDEEDNRSEFLLKQYDYFGVGLSGNVHSADIVAMSQLTCLVLPRDHCHL
LETNSIWQSDTSLDKCSLVERILQLDPSELNIFRGITLPDAPIFGKVFGGQFVGQALAAA
SKTVDFLKVVHSLHSYFLLVGDIDIPITYQVHRIRDGNNFATRRVDAVQKGNIIFILLAST
QKEQQGFEHQESTMPSVPDPDTLLSLEELRESRITDPHLPRSYRNKVATRNFVPWPIEIR
FCEPSNSTNQTKSPPRINYWFRAKGRLSDDOQALHRCVVAFASDLIFCGVGLNPHRRKG
VKSAALSLDHAMWFHRPLRADEWLLYVIVSPTAHETRGFVTGOMFNRKGELVVSLT
QEALLREARPPKPSGTSKL

>1.1-g5513 protein sequence (SEQ ID NO: 2)
MSTLIKPPPIDSSKSAIEQMLDLTQLTPIDPDLFINTQPLWHPPGARGIFGGAITAQCLAA
AQRTIPEDFSIHSMHCYFVLAGDSEIPVIYHVEHVREGRSFATRTVQARQRGRVIFTTTL
SFVEKMNSAGKRKVEHAFAMPEVPGPSEEESRLHANDDDGQPFESQRIDIGNNDSPYPHE
KRCROWIRARGTISPSGGHQAHLSAIAYMSDSFLIGTVARVHGVWTFKSQRGGRPTID
EETLRKMLHEDEEKVKRIPGMTDHVIKGLRAGKTLAEAEEDRPEIGMMVSLDHSIYFH
SPRDFRADEWMFTEMESPWAGDGRGLAISKIWSKDGKLIATCVQEGVVRLKQPAESK
L

>LT-g5513 protein sequence (SEQ ID NO: 3)
MSTLIKPPPIDSSKSAIEQMLDLTQLTPIDPDLFTNTQPLWHPPGARGIFGGATTAQCLAA
AQRTIPVDFNIHSMHCYFVLAGDSEIPVIYHVEHVREGRSFATRTVQARQRGKVIFTIT
LSFVEMNSAGKREKVEHAFAMPEVPGPSEEESRRHANDDDQPFESQRIDIGNNDSPYPH
EKKCROQWIRARGTISPSGGHQAHLSAIAYMSDSFLIGTVARVHGVWTFRSQRGGQPTI
DEETLRKMILHEDEEKVKRIPGMTDHVIKGLRAGK TLAEAEEDRPEIGMMVSLDHTIYF
HSPRDFRADEWMFEFTEMESPWAGDGRGLAISKIWSKDGKLIATCVQEGVVRLKQPAES
KL

AtACH2Z, LI-g5513 and LT-25513 were codon optimized for E. coli genome and synthesized
by Gene Universal (Newark DE). The sequences are:

>AtACH2 nucleotide sequence with codon optimized for E. coli (SEQ ID NO: 4)
ATGGCAAATACCGAAAGCGTGGTTGAATTTCTGGGTAATGTGCCGCTGCTGCAGA
AACTGCCGAGCAGCAGCCTGAAAAAGATTGCCCAGGTTGTGGTGCCGAAACGTTA
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TGGCAAAGGTGACTATGTGGTTCGCGAAGATCAGACCTGGGATGGCTGTTATTITA
TTCTGCAGGGCGAAGCACAGGTGAGTGGTCCGGATGAAGAAGATAATCGTAGCGA
ATTTCTGCTGAAACAGTATGATTATTITCGGTGTTGGTCTGAGTGGTAATGTTCATA
GCGCAGATATTGTITGCCATGAGCCAGCTGACCTGTCTGGTTCTGCCGCGTGATCAT
TGCCATCTGCTGGAAACCAATAGCATTITGGCAGAGTGATACCAGCCTGGATAAAT
GTAGTCIGGTGGAACGTATTCTGCAGCTGGATCCGAGCGAACTGAATATTTITTCGT
GGTATTACCCTGCCGGATGCACCGATTITIGGCAAAGTGTTTGGCGGTCAGTITTGT
TGGTCAGGCCCTGGCAGCAGCAAGCAAAACCGTGGATTITCTGAAAGTGGTGCAT
AGCCTGCATAGCTATTTITCTGCTGGTGGGTGACATTGATATTCCGATTATCTATCA
GGTGCATCGCATTCGCGATGGCAATAATTTTIGCAACCCGCCGTGTTGATGCAGTGC
AGAAAGGTAATATTATTTTITATCCTIGCTGGCCAGCTTTCAGAAAGAACAGCAGGG
CTTTGAACATCAGGAAAGTACCATGCCGAGCGTTCCGGATCCGGATACCCTGCTG
AGTCTGGAAGAACTGCGTGAAAGTCGTATTACCGATCCGCATCTGCCGCGCAGTT
ATCGTAATAAGGTTGCCACCCGTAATTTTIGTGCCGTGGCCGATTGAAATTCGTTIT
TGTGAACCGAGCAATAGTACCAATCAGACCAAAAGCCCGCCGCGCCTGAATTATT
GGTTTCGTGCAAAAGGCCGTCTGAGCGATGATCAGGCACTGCATCGCTGTGTTGTG
GCCTTTGCCAGCGATCTGATTITICTGTGGCGTTGGTCTGAATCCGCATCGTCGTAA
AGGCGTGAAAAGCGCAGCACTGAGTCTGGATCATGCCATGTGGTTTCATCGTICCG
CTGCGTGCAGATGAATGGCTGCTGTATGTTATTGTTAGCCCGACCGCACATGAAAC
CCGCGGTTTTGTTACCGGTCAGATGTTTAATCGTAAAGGCGAACTGGTTIGTGAGTC
TGACCCAGGAAGCCCTGCTGCGCGAAGCCCGCCCTCCTAAACCGAGTGGTACCAG
TAAACTGTAA

>LI-g5513 nucleotide sequence with codon optimized for E. coli (SEQ ID NO: 5)
ATGAGCACCCTGATTAAGCCGCCGCCGATTGATAGTAGTAAAAGTGCCATTGAAC
AGATGCTGGATTTGACCCAGCTGACCCCGATTGACCCTGATTITGTTTACCAATACC
CAGCCGCTGTGGCATCCGCCGGGCGCAAGAGGTATTTITGGTGGTGCAATTATTGC
ACAGTGCCTGGCAGCAGCCCAGCGTACCATTCCGGAAGATTTTAGCATTCATAGC
ATGCATTGCTATTTTGTGCTGGCCGGTGACAGCGAAATTCCGGTTATCTATCATGT
GGAACATGTGCGCGAAGGCCGTAGCTTTGCCACCCGCACCGTTCAGGCCCGCCAG
AGAGGCCGTGTGATTTTTACCACCACCCTGAGCTTTGTGAAAATGAATAGCGCCGG
TAAACGTAAAGTGGAACATGCCTTTGCCATGCCGGAAGTTCCGGGTCCGAGTGAA
GAAGAAAGTCGICTGCATGCAAATGATGATGACCAACCGTTTGAAAGTCAGCGTA
TTGATATTGGCAATAATGATAGCCCGTATCCGCATGAAAAACGTTGTCGTCAGTGG
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ATTCGTGCCCGCGGCACCATTAGTCCGAGCGGTGGTCATCAGGCACATCTGAGCG
CAATTGCATATATGAGTGATAGCTTTCTGATTGGCACCGTTGCCCGCGTTICATGGT
GTTTGGACCTTTAAAAGCCAGCGCGGCGGCCGTCCGACCATTGATGAAGAAACCC
TGCGTAAAATGCTGCATGAAGATGAAGAAAAAGTTAAACGTATCCCGGGCATGAC
CGACCATGTGATTAAGGGCCTGCGCGCAGGCAAAACCCTGGCAGAAGCAGAAGA
AGATAGACCGGAAATTGGCATGATGGTTAGTCTGGACCATAGCATCTATTTITCATA
GTCCGCGCGATTTICGCGCAGATGAATGGATGTITACCGAAATGGAAAGCCCGETG
GGCCGGTGACGGCCGCOGTTTAGCAATTAGCAAAATTTGGAGCAAAGATGGTAAA
CTGATTGCCACCTGTGTTCAGGAAGGTGTGGTGCGCCTGAAACAGCCGGCAGAAA
GTAAACTGTAA

> T-g5513 nucleotide sequence with codon optimized for E. coli (SEQ ID NO: 6)
ATGAGTACCCTGATTAAGCCGCCGCCGATTGATAGTAGTAAAAGCGCAATTGAAC
AGATGCTGGATTTGACCCAGCTGACCCCGATTGACCCTGATTTIGTTTACCAATACC
CAGCCGCTGTGGCATCCGCCGGGCGCAAGAGGTATTTTTGGCGGCGCCATTATTGC
CCAGTGTCTGGCAGCAGCACAGCGTACCATTCCGGTGGATTTTAATATTCATAGTA
TGCATTGCTACTICGTGCTGGCCGGCGATAGCGAAATTCCGGTTATCTATCATGTT
GAACATGTTCGCGAAGGCCGTAGTTTTGCAACCCGCACCGTGCAGGCCCGCCAGA
GAGGTAAAGTGATTTTTACCACCACCCTGAGTTTITGTTAAAATGAATAGTGCAGGT
AAACGTAAAGTTGAACATGCCTTTGCCATGCCGGAAGTTCCGGGTCCGAGTGAAG
AAGAAAGTCGTCGTCATGCAAATGATGATGACCAACCGTTTGAAAGTCAGCGTAT
TGATATTGGTAATAATGATAGCCCGTATCCGCATGAAAAGAAATGTCGTCAGTGG
ATTCGCGCCCGCGGCACCATTAGTCCGAGCGGTGGCCATCAGGCACATCTGAGCG
CAATTGCATATATGAGCGATAGTTTTCTGATTGGTACCGTTGCCCGTGTTCATGGT
GTGTGGACCTTTCGTAGCCAGCGTGGCGGTCAGCCGACCATTGATGAAGAAACCC
TGCGCAAAATGCTGCATGAAGATGAAGAAAAAGTGAAACGTATTCCGGGCATGAC
CGACCATGTGATTAAGGGCCTGCGCGCAGGTAAAACCCTGGCAGAAGCCGAAGAA
GATAGACCGGAAATTGGTATGATGGTTAGTCTGGACCATACCATCTATTITTCATAG
CCCGCGTGATTTTCGTGCCGATGAATGGATGTTTACCGAAATGGAAAGTCCGTGGG
CAGGCGATGGTCGCGGTICTGGCTATTAGCAAAATTTGGAGTAAAGATGGTAAACT
GATTGCAACCTGCGTTCAGGAAGGCGTGGTGCGCCTGAAACAGCCGGCAGAAAGC
AAACTGTAA



WO 2023/199843

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]
[Claim 9]

[Claim 10]

[Claim 11]

19
PCT/JP2023/014276

Claims
A method of hydrolyzing jasmonic acid-CoA (JA-CoA), the method

comprising incubating a reaction mixture comprising the JA-CoA and a
polypeptide comprising an amino acid sequence that is at least 80%
identical to any one of SEQ ID NOs: 1-3.

The method of claim 1, wherein the polypeptide comprises the amino
acid of any one of any one of SEQ ID NOs: 1-3.

The method of claim 1 or claim 2, wherein hydrolyzing JA-CoA
produces jasmonic acid.

The method of any one of claims 1-3, wherein the reaction mixture is in
vitro.

The method of any one of claims 1-3, wherein the reaction mixture is in
a cell.

The method of claim 5, wherein the cell comprises a nucleic acid
encoding the polypeptide.

The method of claim 6, wherein the cell is a bacterium, a yeast, a fil-
amentous fungus, a cyanobacterial alga, or a plant cell.

The method of claim 7, wherein the cells is an E. Coli cell.

A nucleic acid molecule comprising a nucleotide sequence at least 70%
identical to any one of SEQ ID NOs: 4-6.

The nucleic acid molecule of claim 9, comprising the nucleotide
sequence of any one of SEQ ID NOs: 4-6.

A recombinant cell comprising the nucleic acid molecule of claim 9 or

claim 10.
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International application No.

PCT/JP2023/014276

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

"The form of an Annex C/ST.25 text file" above shall read as "the form of ST.26."
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