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TITLE: Compositions and methods for making (S)-norcoclaurine and (S)-

norlaudanosoline, and synthesis intermediates thereof

RELATED APPLICATIONS

[0001] This Patent Cooperation Treaty Application claims the benefit under
35 USC § 119 (e) from U.S. Provisional Patent Application No. 62/014,367, filed on
June 19, 2014.

FIELD OF THE DISCLOSURE

[0002] The compositions and methods disclosed herein relate to secondary
metabolites and processes for manufacturing the same. More particularly, the
present disclosure relates to (S)-norcoclaurine and (S)-norlaudanosoline, and
synthesis intermediates thereof and methods for manufacturing (S)-
norcoclaurine, (S)-norlaudanosoline, and synthesis intermediates thereof.
BACKGROUND OF THE DISCLOSURE

[0003] The following paragraphs are provided by way of background to the
present disclosure. They are not however an admission that anything discussed
therein is prior art or part of the knowledge of persons skilled in the art.

[0004] The biochemical pathways of living organisms are commonly
classified as being either part of primary metabolism or part of secondary
metabolism. Pathways that are part of a living cell’s primary metabolism are
involved in catabolism for energy production or in anabolism for building block
production for the cell. On the other hand, secondary metabolites are produced by
living cells and may lack any obvious anabolic or catabolic function. It has
however long been recognized that many secondary metabolites are useful in
many respects, including for example as therapeutic agents.

[0005] The secondary metabolite (S)-norcoclaurine is produced by opium
poppy (Papaver somniferum) and by other members mainly of the Papaveraceae,
Ranunculaceae, Berberidaceae and Menispermaceae families of plants. (S)-
norlaudansoline has not been found in nature, but is structurally similar to (S)-
norcoclaurine and can be synthesized using the same suite of natural enzymes.
(S)-norcoclaurine, (S)-norlaudanosoline, and synthesis intermediates thereof may be

used as a raw material to manufacture alkaloid compounds that are useful as

Date Regue/Date Received 2021-02-25
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medicinal compounds, as well as recreational drugs or stimulants. Examples of
such alkaloid compounds include the narcotic analgesics codeine and morphine,
the antimicrobial agents sanguinerine and berberine, the muscle relaxants
papaverine and (+)-tubocurarine, and the cough suppressant and potential
5 anticancer drug noscapine.
[0006] Currently ($)-narcoclaurine and certain (S)-norcoclaurine synthesis
intermediates may be harvested from natural sources, such as opium poppy,
Alternatively  these compounds may be prepared synthetically. (S)-
norlaudanosotine may be prepared synthetically. However, the existing
10 manufacturing methods for (S)-norcoclaurine, {§)-norlaudanosoline, and
synthesis intermediates thereof suffer from low yields of (5)-norcoclaurine, (S)-
norlaudanosoline, and synthesis intermediates and/or are expensive. In addition,
synthetic manufacturing methods commonly lead to high volumes of waste
materials such as organic solvents and metal catalysts. There exists therefore in
15  the art a need for improved methods for the synthesis of (§)-ncrcoclaurine, (5)-
norlaudanoscline, and synthesis intermediates thereof,
SUMMARY OF THE DISCLOSURE
[0007] The following paragraphs are intended to introduce the reader to
the more detailed description that follows and not te defire or limit the claitned
20 subject matter of the present disclosure.
[o008) The present disclosure relates to the secondary metabolite (S)-
norcoclaurine, the non-naturally occurring compound {(S)-norlauranosoline, and
synthesis intermediates thereof, as well as to methods of making 5)-
norcoclaurine, {5)-norlaudanosoline, and synthesis intermediates thereof The
25  current disclosure further relates to certain enzymes capable of catalyzing
reactions resulting in the conversion of certain synthesis intermediates to form
(S)-norcoclaurine and/or (§)-norjaudanosoline.
[0009) Accordingly, the present disclosure provides, in at least one aspect,
at least one embodiment of making (S)-norcoclaurine, ($)-norlaudanosoline, or

30 synthesis intermediates thereof comprising:
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{a)  providing at least one (§)-norcoclaurine or (§)-norlaudanosaline
pathway precursor selected from L-tyrosine or a first L-tyrosine
derivative; and

{b)  contacting the (5)-norcoclaurine or (§)-nerlaudanosoline pathway

5 precurseor with at least one of the enzymes selected from the group
of enzymes consisting of (i) TYR; (it) TYDC; (i) DODC; (iv); MAQ
and (v) NCS under reaction conditions permitting the catalysis of
the pathway precursor to form (S)-norcaclaurine, (5}
norlaudanoscling, or a synthesis intermediate thereof, wherein the

10 (§)-narcoclaurine or (8)-norlaudaneseline synthesis intermediate is
asecond L-tyrosine derivative;

and

wherein the first and second L-tyrosine derivative have the chemical

formula (1):

15

m

R, R,

S,
~ A R

Ho

wherein Ry represents hydrogen or hydroxyl:

20 wherein R; represents hydrogen or an amino group —-{NHg); and

wherein Rzrepresents a carboxyl group ~(COOH), or an amino group ~
(NHz);

wherein Ry’ represents a hydrogen atom; or

Rs and Rs' taken together, form a carbonyi group.

25 [00010] {n preferred embediments of the disclosure, the first and/or second
L-tyrosine derivative is L-DOPA; tyramine; dopamine; 4-
hydroxyphenylacetaldehyde; or 3,4-dihydroxyphenylacetaldehyde.

[00011] In a further aspect, the present disclosure provides at least one
embodiment of making (5)-norcoclaurine, ($)-norlaudancsoline, and each of the

30 foliowing synthesis intermediates. lyramine, dopamine, L1-DOPA, 4.
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hydroxyphenylacetaldehyde, and 3,4-dihydroxyphenylacetaldehyde. Accordingly,
the present disclosure further provides, in at least one aspect:
{1 at least one embodiment of making (S)-norcoclaurine comprising:
(al  providing L-tyrosine; and
5 (b)  contacting L-tyrosine with a mixture of enzymes comprising
catalytic quantities of the enzymes TYR, DODC, TYDC, MAD, and NCS
under reaction conditions permitting an enzyme catalyzed chemical
conversion of L-tyresine to (§)-norcoclaurine.
(11} atleast one embodiment of making dopamine comprising:
10 (a} providing L-tyrosine; and
(b) contacting l-tyrosine with a mixture of enzymes comprising
catalytic guantities of the enzymes TYR and DODC under reaction
conditions permitting an enzyme catalyzed chemical conversion of
L-tyrosine to dopamine.
15 (I} at least one embodiment of making 4-hydroxyphenylacetaldehyde
comprising:
{a)  providing L-tyrosine; and
(b)  contacting L-tyrosine with catalytic quantities of enzymes
TYDC and MAQ under reaction conditions permitting an enzyme
70 catalyzed  chemical  conversion of L-tyrosine 1o  4-
hydroxyphenylacetaldehyde; and
(IV)  atleast ane embodiment of making L-DOPA comprising:
(a)  providing L-tyrosine; and
{b) contacting L-tyrosine with catalytic quantities of the enzyme
25 TYR under reaction conditions permitting an enzyme catalyzed
chemical conversion of L-tyrosine to L-DOPA;
V) at least one embodiment of makirg tyramine comprising:
{a} providing L-tyrosine; and
(b)  contacting L-tyrosine with catzlytic quantities of the enzyme
30 TYDC under reaction conditions permitting ar enzyme catalyzed

chemical conversien of L-tyrosine to tyramine;
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(VL) at least one embodiment of making (S§)-norlaudanosecline

comprising:
(a) providing L-tyrosine; and
(b)  contacting L-tyrosine with a mixture of enzymes comprising
5 catalytic quantities of the enzymes TYR, DODC, MAQ, and NCS under

reaction conditions permitting an enzyme catalyzed chemical
conversion of L-tyrosine to ($)-nortaudanosoline; and

(Vil) at least one embodiment of making 34-dihydroxy-
phenylacetaldehyde comprising:

10 (a) providing L-tyrosine; and

(k)  contacting L-tyrasine with a mixture of enzymes comprising
catalytic quantities of the enzymes TYR, DODC and MAQ under
reaction cenditions permitting an enzyme catalyzed chemical
conversion of L-tyrosine to 3,4-dihydroxy-phenylacetaldehyde.

15  [o0012) In yet a further aspect, the present disclosure provides in at least
one embodiment, the aforementioned embodiments wherein the enzyme, or
mixtures comprising catalytic quantities of enzymes, as the case may be, and the
{S)-norcoclaurine and/or ($)-noriaudanosoline synthesis intermediates are
brought together under in vitro reaction conditions. In another embodiment, the

20 enzyme, or mixtures comprising catalytic quantities of enzymes, as the case may
be, and the (S)-nercoclaurine and/or (5)-norlaudanosoline synthesis
intermediates are brought together under in vive reaction conditions.

[06013] The present disclosure further provides in substantially pure form
(8)-norcoclaurine and ($)-norlaudanoscline, and the following ($)-norcoclaurine

25 and/or (S}-norlaudanosoline synthesis intermediates: L-DOPA;, dopamiine;
tyramine; 4-hydroxyphenylacetaldehyde, and 3 4-hydroxyphenylacetaldehyde.
[00014] Other features and advantages of the present disclosure will become
apparent from the following detailed description. It should be understood,
however, that the detailed description, while indicating preferred

30  implementations of the disclosure, are given by way of iltustration only, since
various changes and medifications within the spirit and scope of the disclosure

will become apparent to those of skill in the art from the detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00015] For a better understanding of the various example embodiments
described herein, and to show more clearly how these various embodiments may
be carried into effect. reference will he made, hy way of example, to the
5 accompanying figures which show at least one example embodiment, and the
figures will how be briefly described. It should be understood that the figures
herein are provided for illustration purposes only and are not intended to limit the
present disclosure.
[ob016) F1G. 1 depicts a synthesis pathway for the manufacture of (S}
10 norcoclaurine and synthesis intermediates thereof. Included are the chemical
structures of the synthesis intermediates and enzymes capable of catalyzing
chemical conversion of the synthesis intermediates.
[oo017] FIG. 2 depicts a synthesis pathway for the manufacture of (5)-
norlaudanesoline and synthesis intermediates thereof. Included are the chemical
15 structures of the synthesis intermediates and enzymes capable of catalyzing
chemical conversion of the synthesis intermediates.
[00018] FIG. 3 depicts the chemical structures for (§)-norcoclaurine (FIG.
3F), (5)-norlaudanesoline (FIG. 3H), and the following synthesis intermediates
thereof: L-tyrosine (FIG. 3A); tyramine (FIG. 3B); L-DOPA (FIG. 3C); dopamine
20 (FIG. 3E), 4-hydroxyphenylacetaldehyde (FIG. 3D); and 3,4-
dihydroxyphenylacetaldehyde (FIG. 3G), respectively.
[00019] FIG. 4 depicts nucleic acid sequence fragments obtained from
various plant species encoding multiple NCS polypeptides. NCS coding regions are
represented by black hoxes. PSON = Papaver somniferum; PBR = Papaver
25 bracteatum; CMA = Chelidonium majus; CCH = Chordyalis cheilantifolia; SDI =
Stylophorum diphyitum; and ECA = Eschscholzig californica.
{00020] FIG. 5 depicts an immuncblot using anti-His-tag antibodies showing
expression of NCS polypeptides of various plant species in E. coil. Polypeptide
sequences used are: SCANCS1 (SEQID. NO: 14); TFLNCS2 (SEQ.ID. NO: 22);
30 SDINSCI (SEQID.NO: 17); CCHNCS2 (SEQ.ID. NO: 28); NDONCS3 [SEQ.ID. NO: 34);
CMANCS1 (SEQ.ID. NO: 53); {PBRNSC3 (SEQ.ID. NO: 11); ECANCSL [SEQ.ID. NO;
18); CCHNCS1 (SEQ.ID. NQ: 27); PBRNCS4 {SEQ.D. NO: 12); CCHNCSS [SEQ.ID.
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NO: 31); PBRNCSS {SEQID. NO: 13); XSINCS1 (SEQ.ID. NO: 41); and PSONCS3
{SEQ.ID. NO: 42).
[00021) FIG. 6 depicts TLPC plates showing norcoclaurine production in E
coli using various intact NCS poiypeptide sequences (FIG. 6A; FIG. 6B) and
5 truncated NCS sequences FIG. 6C. Intact NCS sequences used are SCANCSL
(SEQ.ID. NO: 14); SDINSC1 (SEQ.ID. NO: 17); CCHNCSZ (SEQ.ID. NO: 28); NDUNCS3
(SEQID. NO: 34); PBRNCSS (SEQID. NO: 13); and PSONCS3 (SEQ.ID. NO: 42},
TFLNCSZ (SEQID. NO: 87); CMANCS1 (SEQ.ID. NO: 85); PBRNSC3 (SEQ.ID. NO:
83); ECANCST (SEQ.ID. NO: $6); CCHNCSI (SEQ.ID. NO: 65); PBRNCS4 (SEQ.ID.

10 NO: 50); CCHNCSS (SEQID. NO: 92); XSINCS1 (SEQ.ID. NO: 93). Truncated
sequences are TFLNCSA19 (SEQID NO: 112); TFLNCS2425 (SEQ.ID. NO: 109);
CMANCS1A25 (SEQID. NO' 105); PBRNCS3A25 (SEQ.ID. NO: 107); ECANCS1A25
{SEQ.ID. NO: 106); CCHNCS1A25(SEQ.ID. NO: 103); PBRNCS4A25 (SEQ.ID. NO:
108); CCHNCS5425 (SEQ.ID. NG: 104); XSINCSIAZS (SEQ.ID. NO: 113).

15 [00022] FIG. 7 depicts an immunoblot using anti-His-tag antibodies showing
expression of NCS polypeptides in yeast (FIG., 7A} and TLPC plates showing
norcoclaurine preduction in yeast using various NCS polypeptides (FIG. 7B).
Lxpression is shown using TFLNCSA19 (SEQ.ID. NO: 112); PBRNCSS (SEQ.ID. NO:
13); CCHNCS2 (SEQ.ID. NO: 28); NDONCS3 (SEQ.ID. NO: 34); SCANCS1 (SEQ.ID.

20 NO: 14); SDINCS1 (SEQ.ID.NO: 89}, PSONCS3 (SEQID.NO: 42): TFLNCS2A2S
(SEQ.ID. NO: 109); XSINCS1A25 (SEQ.ID. NO: 113) and PSONCS2 {SEQ.ID.N3T: 111)
polypeptides. PBRNCSS {SEQ.ID, NO: 13); CCHNCSZ (SEQ.ID. NO: 28); NDONCS3
(SEQ.ID. NO: 34); and SCANCS1 (SEQ.ID. NO: 14) polypeptides. Norcodlaurine
production is shown using TFLNCSA19 (SEQ.ID. NO: 112); PBRNCSS (SEQ.ID. NO:

25 13); CCHNCSZ (SEQ.ID. NO: 28); NDONCS3 (SEQ.ID. NO: 34); SCANCS1 (SEQ.ID.
NO: 14); SDINCST (SEQID.NO: 89), PSONCS3 (SEQID.NO: 42); TFLNCS2425
(SEQ.ID. NO: 109); XSINCS51425 (SEQ.ID. NO: 113) and PSONCS2 (SEQ.ID. NO: 111)
PBRNCSS (SEQID. NO: 13); CCHNCS2 (SEQ.ID. NO: 28); NDONCS3 (SEQ.ID. NO:
34); and SCANCS1 (SEQID. NO: 14) polypeptides. Coutrols as are yeast

30 transformed with a vector not comprising an NCS$ gene [“empty vector”'); and

yeast and E. coli expressing TELNCS A19 (SEQ.ID. NO: 112).

DETAILED DESCRIPTION OF THE DISCLOSURE
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[00023] Various compositions and methods will be described below to
provide an example of an embodiment of each claimed subject matter. No
embodiment described below limits any claimed subject matter and any claimed
subject matter may cover methods, processes, compositions or systems that differ
from those described below. The claimed subject matter is not limited to
compositions or methods having all of the features of any one composition,
method, system or process described below or to features common to multiple or
all of the compositions, systems or methods described below. It is possible that a
composition, system, method or process described below is not an embodiment of
any claimed subject matter. Any subject matter disclosed in a composition,
system, method or process described below that is not claimed in this document
may be the subject matter of another protective instrument, for example, a
continuing patent application, and the applicants, inventors or owners do not
intend to abandon, disclaim or dedicate to the public any such subject matter by
its disclosure in this document.

[00024] This paragraph is intentionally left blank.

Definitions

[00025] The term “(S)-norcoclaurine” as used herein refers to a chemical
compound having the chemical structure depicted in FIG. 3F.

[00026] The term “(S)-norlaudanosoline” as used herein refers to a chemical
compound having the chemical structure depicted in FIG. 3H.

[00027] The term “L-tyrosine” as used herein refers to a chemical compound
having the chemical structure depicted in FIG. 3A.

[00028] The term “tyramine” as used herein refers to a chemical compound
having the chemical structure depicted in FIG. 3B.

[00029] The terms “L-DOPA” and “L-3,4-dihydroxyphenylalanine”, which
may be used interchangeably herein, refer to a chemical compound having the

chemical structure depicted in FIG. 3C.

Date Regue/Date Received 2021-02-25
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{0030 The term "dopamine” as used herein refers to a chemical compound
having the chemical structure depicted in FIG. 3E.

[G0031]) The terms “4-hydroxyphenylacetaldebyde” or “4HPAA”, which may
be used interchangeably hercin, refer to a chemical compound having the

5  chemical structure depicted in FIG. 3D,

[00032] The terms “3.4-dihydroxyphenylacetaldehyde” or “34DHPAA”
which may be used interchangeably herein, refer to a chemical compound having
the chemical structure depicted in FIG. 3G.

[00033] The terms “(S)-norcoclaurine synthesis pathway” and "[S)-

10 norlaudanosoline synthesis pathway”, refer to the metabolic pathway for the
synthesis of "(5)-norcoclaurine” depicted in FIG. 1, and “(§)-norlaudanosoline”
depicted in FIG. 2, respectively. When a first chemical compound within the (S)-
norcoclaurine or (8)-norlaudanosoline synthesis pathways is referenced as
“upstream” of a secand chemical compound in the pathway, it is nteant herzin that

15  synthesis of the first chemical compound precedes synthesis of the second
chemical compound. Conversely, when a first chemical compound is referenced as
“downstream” from a secend chemical compound in the {§)-norcoclaurine or (5-
norlaudanosoline synthesis pathways, it is meant herein that synthesis of the
second chemical compound precedes synthesis of the first chemical compound.

20 [00034] The terms “(S)-norcoclaurine pathway precursor” and “(S}
norlaudanoscline pathway precursor”, as used herein, refer tc any of the chemical
compounds in the (S)-norcoclaurine or (S)-norlaudancsoline synthesis pathways
set forth in F1G. 3A; FIG. 3B; FIG. 3C; FIG. 3D; FIG. 3E; and FIG. 3G; in conjunction
with the term "($)}-norcoclaurine synthesis intermediate”, “(§)-norcoclaurine

25  pathway precursor” refers to a compound synthesized upstream of a (5)-
norcociaurine synthesis intermediate.

[00035] The terms “(S)-norcoclaurine synthesis intermediate” and “($)-
norlaudanosoline synthesis intermediate” as used herein refer to any of the
chemical compounds in the (§)-norcoclaurine or ($)-norlaudanosaline synthesis

30 pathways set forth in FIG, 3B; FIG. 3C; FIG. 3D; FIG. 3E and FIG. 3G; in
conjunction with the terms “(S)-norcoclaurine pathway precursor” or “(S)-

norlaudanosoline pathway precursor”, “(S)-norcoclaurine synthesis intermediate”
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and “(S)-norlaudancsoline synthesis intermediate” refer to a compound
synthesized downstream of a (§}-norcoclaurine or (5)-nerlaudanoseline pathway
Precursor.
[00036] The terms "tyrosine hydroxylase”, polyphenocl oxidase” and “TYR",
5 which may be used interchangeably herein, refer to any and all enzymes
comprising a sequence of amino acid residues which is (i) substantially identical
to the amino acid sequences constituting any TYR polypeptide set forth herein,
including, for example, SEQ.ID. NO: 98, or (i1) encoded by a nucleic acid sequence
capable of hybridizing under at least moderately stringent conditions to any
10 nucleic acid sequence encoding any TYR polypeptide set forth herein, but for the
use of synonymous codons.
[00037] The terms “tyrosine decarboxylase” and "TYDC”, as may be used
interchangeably herein, refer to any and all enzymes comprising a sequence of
amino acid residues which is (i) substantially identical to the amino acid
15 sequences constituting any TYDC polypeptide set forth herein, including, for
example, SEQ.ID. NO: 102 or {ii) encoded by a nucleic acid sequence capable of
hybridizing under at least moderately stringent conditions to any nucleic acid
sequence encoding any TYDC polypeptide set forth herein, but for the use of
synonymous codons.
20 [00038] The terms “dihydroxyphenylalanine decarboxylase”, “DOPA
decarboxylase” and "DODC", as may be used interchangeably herein, refer to any
and all enzymes comprising a sequence of amino acid residues which is (i)
substantially identical to the amino acid sequences constituting any DODC
polypeptide set forth herein, including, for example, SEQ.ID. NO: 100 or (i)
25 encoded by a nucleic acid sequence capable of hybridizing under at least
moderately stringent conditions to any nucleic acid sequence encoding any DGDC
polypeptide set forth herein, but for the use of synonymous codons.
[00039] The terms “meonvamine oxidase” or "MAQ”, as may be used
interchangeably herein, refer to any and all enzymes comprising a sequence of
30 amino acid residues which is (i) substantially identical to the amino acid
sequences constituting any MAQO polypeptide set forth herein, including, for

example, SEQ.JD. NO: 96, or (ji) encoded by a nucleic acid sequence capable of

10



CA 02952638 2016-12-16

WO 2015/192233 PCT/CA2015/050542

hybridizing under at least moderately stringent conditions to any nucleic acid
sequence encoding any MAQO polypeptide set forth herein, but for the use of
synonymous codons.
[06040] The terms "norceclaurine synthase” and “NCS", as may be used
5 interchangeably herein, refer to any and all enzymes comprising a sequence of
amino acid residues which is (i) substantially identical to the amino acid
sequences constituting any NCS polypeptide set forth herein, including, for
example, SEQID. NO: 1 to SEQ.ID. NOD: 42, or (ii) encoded by a nucleic acid
sequence capable of hybridizing under at least moderately stringent conditions to
10 any nucleic acid sequence encoding any NCS polypeptide set forth herein, but for
the use of synenymous codons.
[00041] The term "nucleic acid sequence” as used herein refers to a
sequence of nucleoside or nucleotide monomers consisting of naturally occurring
bases, sugars and intersugar (backbone) linkages. The term also includes modified
15  or substituted sequences comprising non-naturally occurring monomers or
portions thereof. The nucleic acid sequences of the present disclosure may be
deoxyribonucleic acid sequences (DNA) or ribonucleic acid sequences (RNA) and
may include naturally occurring bases including adenine, guanine, cytosine,
thymidine and uracil. The sequences may also contain modified bases. Examples of
20 such modified bases include aza and deaza adenine, guanine, cytosine, thymidine
and uracil, and xanthine and hypoxanthine.
[00042] The herein interchangeably used terms “nucleic acid sequence
encoding TYR” and "nucleic acid sequence encoding a TYR polypeptide”, refer to
any and all nucleic acid sequences encoding a TYR polypeptide, including, for
25 example, SEQ.ID. NO: 97. Nucleic acid sequences encoding a TYR polypeptide
further include any and all nucleic acid sequences which (i) encode polypeptides
that are substantially identical to the TYR polypeptide sequences set forth herein:
or (1i) hybridize to any TYR nucleic acid sequences set forth herein under at least
mederately stringent hybridization conditicns or which would hybridize thereto
30 under at least moderately stringent conditions but for the use of SYNONymous

codons.

11
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[00043] The herein interchangeably used terms "nuclei¢ acid sequence
encoding TYDC” and "nucleic acid sequence encoding a TYDC polypeptide”, refer
to any and all nucleic acid sequences encoding a TYDC polypeptide, including, for
example, SEQ.ID. NO: 101. Nucleic acid sequences encading a TYDC polypeptide
5 further include any and all nucleic acid sequences which (i) encode polypeptides
that are substantially identical to the TYDC polypeptide sequences set forth
herein; or (ii) hybridize to any TYDC nucleic acid sequences set forth herein under
at least moderately stringent hybridization conditions or which would hvbridize
thereto under at least moderately stringent conditions but for the use of
10 synonymous codons,
[00044] The herein interchangeably used terms “nucleic acid sequence
encoding MAO” and "nucleic acid sequence encoding a MAG polypeptide”, refer to
any and ail nucleic acid sequences enceding an MAO polypeptide, including, for
example, SEQ.ID. NO: 95. Nucleic acid sequences encoding a MAD polypeptide
15 further include any and all nucleic acid sequences which (i} encode polypeptides
that are substantially identical to the NCS palypeptide sequences set forth herein;
or (ii) hybridize to any MAO nucleic acid sequences set forth herein under at least
moderately stringent hybridization conditions or which would hybridize thereto
under at least moderately stringent conditions but for the use of synenymous
20 codons.
[00045] The herein interchangeably used terms “nucieic acid sequence
encoding NCS” and "nucleic acid sequence encoding an NCS polypeptide”, refer to
any and all nucleic acid sequences encoding an NCS polypeptide, tnciuding, for
example, SEQID. NG: 43 to SEQ.ID. NO: 80. Nucleic acid sequences encoding an
25 NCS polypeptide further include any and all nucleic acid sequences which (i)
encode polypeptides that are substantially identical to the NCS polypeptide
sequences set forth herein; or (i) hybridize te any NCS nucleic acid sequences set
forth herein under at least moderately stringent hybridization conditions or which
would hybridize thereto under at teast mederately stringent conditions but for the
30  use of synonymous ccdons.
[00046] By the term "substantially identical” it is meant that two polypeptide

sequences preferably are at least 70% identical, and more preferably are at least

12
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85% identical and mast preferably at least 95% identical, for example 96%, 97%,

98% or 99Y% identical. In order to determine the percentage of identity between

two polypeptide sequences the amino acid sequenres of such two sequences are

aligned, using for example the alignment method of Needleman and Wunsch (.

5 Mol Biol, 1970, 48: 443), as revised by Smith and Waterman (Adv. Appl. Math,

1981, 2: 482) so that the highest order match is obtained between the two

sequences and the number of identical amine acids is determined between the

two sequences. Methods to calculate the percentage identity between two amino

acid sequences are generally art recognized and include, for example, those

10 described by Carillo and Lipton (SIAM §. Applied Math, 1988, 48:1073) and those

described in Computational Molecular Biology, Lesk, e.d. Oxford University Press,

New York, 1988, Biocomputing: Informatics and Genomics Prejects. Generally,

computer programs will be empleyed for such calculations. Computer programs

that may be used in this regard include, but are nat limited to, GCG (Devereux et

15 al, Nucleic Acids Res, 1984, 12: 387} BLASTP, BLASTN and FASTA (Altschul et al,

J. Molec. Biol,, 1990:215:403). A particularly preferred method for determining the

percentage identity between two polypeptides involves the Clustal W algorithm

{Thompson, | D, Higgines, D G and Gibson T J, 1994, Nucleic Acid Res 22(22):

4673-4680 together with the BLOSUM 62 scoring matrix (Henikoff S & Henikoft, |

20 G, 1992, Proc. Natl. Acad. Sci. USA 89: 10915-10919 using a gap opening penalty of

10 and a gap extension penalty of 0.1, so that the highest crder match obtained

between two sequences wherein at least 50% of the total length of one of the two
sequences is involved in the aligniment.

[00047] By "at least moderately stringent hybridization conditions” it is

25  meant that conditions are selected which promote selective hybridization

between two complementary nucleic acid molecules in solution. Hybridization

may occur to all or a portion of a nucleic acid sequence melecule. The hybridizing

portion is typically at least 15 (e.g. 20, 25, 30, 40 or 50} nucleotides in length.

Those skilled in the art will recognize that the stability of a nucleic acid duplex, or

30  hybrids, is determined by the T, which in sodium containing buffers is a function

of the sodium ion concentration and temperature (Tm=81.5° C.-16.6 (Logl0

[Na+])+0.41(% (G+C)-600/1), or similar equation). Accardingly, the parameters in

13



CA 02952638 2016-12-16

WO 2015/192233 PCT/CA2015/050542

the wash conditions that determine hybrid stability are sodium ion concentration

and temperature, In order to identify molecules that are similar, but not identical,

to a known nucleic acid molecule a 1% mismatch may be assumed to result in

abgut a 1° C. decrease in Tm, for example if nucleic acid molecules are sought that

5 have a >95% identity, the final wash temperature will be reduced by about 5° C.

Based on these considerations those skilled in the art will be able to readily select

appropriate hybridization conditions. In preferred embodiments, stringent

hybridization conditions are selected. By way of exampie the following conditions

may be employed to achieve stringent hybridization: hybridization at 5= sodium

10 chloride/sodium citrate (S5C)/5xDenhardt’s solution/1.0% SDS at Tm (based cn

the above equation] -5° C, followed by a wash of 0.2xS5C/0.1% SDS at 60° C.

Moderately stringent hybridization conditions include a washing step in 3xS5C at

42° (. Ir is understood however that equivalent stringencies may be achieved

using alternative buffers, salts and temperatures. Additional guidance regarding

15 hybridization conditions may be found in: Current Protocols in Molecutar Biology,

John Wiley & Sons, N.Y, 1989, £.3.1.-6.3.6 and in: Sambrock et al, Molecular
Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, Vol. 3.

[00048] The term “chimeric” as used herein in the context of nucleic acid

sequences refers to at least two linked nucleic acid sequences, which are not

20 maturally linked. Chimeric nucleic acid sequences include linked nucieic acid

sequences of different natural origins. For example, a nucleic acid sequence

constituting a yeast premoter linked to a nucleic acid sequence encoding a TYR

protein is considered chimeric. Chimeric nucleic acid sequences also may

comprise nucleic acid sequences of the same natural origin, provided they are not

25  naturally linked. For example, a nucleic acid sequence constituting a promoter

obtained from a particular cell-type may be linked to a nucleic acid sequence

eacoding a pelypeptide obtained from that same cell-type, but not normally linked

to the nucleic acid sequence constituting the promoter. Chimeric nucieic acid

sequences also include nucleic acid sequences comprising any naturally occurring

30 nucleic acid sequence linked to any non-naturally occurring nucleic acid sequence.

[00049] The terms “substantially pure” and “isolated”, as may be used

interchangeably herein describe a compound, eg, a pathway synthesis

14
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intermediate or a polypeptide, which has been separated from components that
naturally accompany it. Typically, a compound is substantially pure when at [east
60%, more preferably at least 75%, more preferably at least $0%. 95%, 96%,
97%, or 98%, and most preferably at least 99% of the total material {by volume,
5 by wet or dry weight, or by mole percent or mole fraction) in a sampie is the
compound of interest. Purity can be measured by any appropriate method, e.g, in
the case of polypeptides, by chromatography, gel electrophoresis ar HPLC
analysis.
[00050] The term “in vivo” as used herein to describe methods of making ($)-
10 norcoclaurine, (5)-norlaudanescline, or synthesis intermediates thereof refers to
contacting a (S)-norcoclaurine pathway precurser, cr a (S}-norlaudanosoline
pathway precursor with an enzyme capable of catalyzing conversion of a (5)-
norcoclaurine or (S)-norlaudanesoline precursor within a living cell, including, for
example, & microbial cell or a plant cell, to form a {§)-ncrcoclaurine synthesis
15  intermediate or a (S)-norlaudanoscline synthesis intermediate, or to form ($)-
norcoclaurine or (S)-norlaudanosoline.
[00051} The term "in vitro” as used herein to describe methods of making
(§)-norcoclaurine, (5)-norlauancsoline, or synthesis intermediates thereof refer to
contacting a (S)-norcoclaurine pathway precursor or a (S)-norlananosoline
20 pathway precursor with an enzyme capable of catalyzing conversion of a [5)-
narcoclaurine or (§)-norlauanesoline precursor in an environment outside a living
cell, including, without limitation, for example, in a microwell plate, a tube, a flask,
a beaker, a tank, a reactor and the like, to form a {S)-norcoclaurine synthesis
intermediate or (S)-norlauanoscline synthesis intermediate, or to form ($)-
25  norcoaclaurine or (S)-norlauanosoline,
[00052] It should be noted that terms of degree such as "substantially”,
"about” and “approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not significantly
changed. These terms of degree should be construed as including a deviation of
30  the modified term if this deviation would not negate the meaning of the term it

modifies.

15
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[00053] As used herein, the wording “and/or” is intended to represent an
inclusive-or. That is, “X and/or Y” is intended to mean X or ¥ or both, for example.
As a further example, "X, Y, and/or Z" is intended to mean X or Y or Z or any
combination thereof.
5 General implementation
[00654] As hereinbefore mentioned, the present disclosure relates to the
secondary metabolites (§)-norcoclaurine, {S)-norlaudanoscline, and synthesis
intermediates thereof, as well as to methods of making [§)-norcoclaurine, (§)-
norlaudanoscline, and synthesis intermediates thereof The current disclosure
10 further relates to certain enzymes capable of catalyzing chemical reactions
resulting in the conversion of ($)-norcoclauring and (S)-norlaudanosoline
synthesis intermediates to form (S5)-norcoclaurine and (S)-norlaudanosoline,
respectively. The herein provided methods represent a novel and efficient means
of manufacturing (S}-norcoclaurine, (§)-norlaudanoscline, and synthesis
15 intermediates thereof The methods provided berein do not rely on chemical
synthesis and may be conducted at commercial scale. To the best of the inventor's
knowledge, the current disclosure provides for the first time a methodology to
manufacture NCS, (S}-norceclaurine, and (§)-norlaudanaoseline using yeast cells
not normally capable of synthesizing (§)-norcoclaurine or [S)-norlaudanosoline.
20 Such cells may be used as a source whence (§)-norcoclaurine and/or (5)-
norlaudanosoline may be economically extracted. ($)-norcoclaurine and/or (5)-
norlaudanosoline produced in accordance with the present disclosure is useful
inter alig in the manufacture of pharmaceutical compositions.
[00055] Accordingly, the present disclosure provides, in at least one aspect,
25 at least one embodiment of making (5)-norcoclaurine, [S)-norlaudanoscline, or a
synthesis intermediate thereof comprising:

{a) providing at least one (5)-norcoclaurine or (S)-norlaudancsoline
biosynthetic precursor selected from L-tyrosine or a first L-tyrosine
derivative; and

30 {b) contacting  the (S)-norcoclaurine or  (5)-norlaudanosoline
biasynthetic precursor with at least one of the enzymes selected

from the group of enzymes consisting of (i) TYR; (i} TYD(; {iii)

16
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DODC; {iv) MAD; and (v) NCS under reaction conditions permitting
the catalysis of the (S)-norcoclaurine or (S)-norlaudanosoline
biosynthetic  precursor to  form  (S}-norcoclaurine,  (S)-
narlaudanosoline, or a synthesis intermediate thereof, wherein the
5 synthesis intermediate is a second L-tyrosine derivative;
and
wherein the first and second L-tyrosine derivative have the chemical

formula (1}:

10
Ry
DORS
Hc:)/1 F " 4]
wherein Ri represents hydrogen or hydroxyl;
wherein R; represents hydrogen or an amino group -(NH); and
15 wherein Rz represents a carboxyl group -{COOH), or an amino group -
(NHa);
wherein Rs' represents a hydrogen atom; or
Rs and R3' taken together, form a carbonyl group.
[00056] In preferred embodiments of the disclosure, the first and /or second
20 L-tyrosine derivative is L-DOPA; tyramine; dopamine; 4-
hydroxyphenylacetaldehyde, or 3 4-dihydroxyphenylacetaldehyde.
-Nor. urine thesi
[00057] In one embodiment of the present disclosure, there is provided a
method of making (5)-norcoclaurine comprising:
25 (a)  providing L-tyrosine; and
(b)  contacting L-tyrosine with a mixture of enzymes comprising
catalytic guantities of the enzymes (i) TYR; (ii) TYDG (iii) DODC:
{(iv) MAO; and (v} NCS; under reaction conditions permitting an
enzyme catalyzed chemical conversion of L-tyresine to (5)-
30 norcoclaurine,

17



WO 2015/192233

10

15

20

25

[00058]

CA 02952638 2016-12-16

PCT/CA2015/050542

In & further embediment, there is provided a method of making (5)-

norcoclaurine comprising:

[00059]

(a) providing L-DOPA and L-tyrosire; and

(b}  contacting the L-DOPA and L-tyrosine with a mixture of
enzymes comprising catalytic quantities of the enzymes (i) TYDC;
{ii) DODC; (iv) MAQ; and {iv) NCS under reaction conditions
permitting an enzyme catalyzed chemical conversion of L-DOPA and
L-tyrosine to (S)-norcoclaurine.

In a further embodiment, there is provided a methad of making (5)-

norcoclaurine comprising:

[00060]

(2) providing dopamine and L-tyrosine; and

{b)  contacting the dopamine and L-tyrosine with a mixture of
enzymes comprising catalytic quantities of the enzymes (i} TYDC;
(if) MAO; and (iif) NCS: under reaction conditions permitting an
enzyme catalyzed chemical conversion of dopamine and L-tyrosine
to (S)-noreoclaurine.

In a further embodiment there is provided a method of making ($)-

norcoclaurine comprising:

[00061]

(a) praviding dopamine and tyramine; and

(b}  contacting dopamine and tyramine with catalytic quantities
of the enzymes (i) MAO and (ii) NCS under reaction conditions
permitting an enzyme catalyzed chemical conversion of dopamine
and tyramine to (S)-norceclaurine.

In a further embodiment, there is provided a method of making {5)-

norcoclaurine comprising:

[00062]

(a) providing L-tyrosine and tyramine; and

()  contacting dopamine and tyramine with catalytic quantities
of the enzymes (i) TYR, (il) DODC; {iii) MAO and (iv) NCS under
reaction conditions permitting an enzyme catalyzed chemical
conversicn of L-tyrosine and tyramine to (§)-norcoclaurine.

In a further embodiment, there is provided a method of making (5)-

norcoclaurine comprising:
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(a)  providing L-DOPA and tyramine; and
(b)  contacting L-DOPA and tyramine with catalytic quantities of
the enzymes (i) DODC; (i) MAO and (iii} NCS under reaction
conditions permitting an enzyme catalyzed chemical conversion of
L-DOPA and tyramine to (S)-norcoclaurine.

In a further embodiment, there is provided a method of making (5)-

norcoclaurine conprising:

[00064]

(a) providing L-tyrosine and 4-hydroxyphenylacetaldehyde; and
(b)  contacting L-tyrosine and 4-hydroxyphenylacetaldehyde
with catalytic quantities of the enzymes ¢i) TYR; (i) DODC and (iii)
NCS under reaction conditions permitting an enzyme catalyzed
chemical conversion of L-tyrosine and 4-
hydroxyphenylacetaldehyde to {(§}-norcoclaurine.

In a further emboediment, there is provided a method of making (5)-

norcoclaurine comprising:

[00065]

(a)  providing L-DOPA and 4-hydroxyphenylacetaldehyde; and
(b)  contacting L-DOPA and 4-hydroxyphenylacetaldehyde with
catalytic quantities of the enzymes (i) DODC and (1) NCS under
reaction conditions permitting an enzyme catalyzed chemical
conversion of L-DOPA and 4-hydrexyphenylacetaldehyde to (5)-
norcoclaurine.

In a further embodiment, there is provided a method of making (5)-

norcoclaurine comprising:

[00066]

(a) providing dopamine and 4-hydroxyphenylacetaldehyde; and
(b)  contacting the dopamine and 4-hydroxyphenylacetaldehyde
with catalytic guantities of the enzyme NCS under reaction
conditions permitting an enzyme catalyzed chemical conversion of
dopamine and 4-hydroxyphenylacetaldehyde to {S)-nercoclaurine.

The foregoing embodiments of the disclosure to make (5)-

norcoclaurine are further illustrated in Table A.

[00067]

The foregoing reactions may be performed under in vive or in vitro

conditions as hereinafter further detailed.
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Dopamine synthesis
{00068] In one embodiment of the disclosure, there is provided a method

making dopamine. Accordingly there is provided a method of making dopamine
comprising:
5 {a)  providing L-tyrosine; and
(b)  contacting the L-tyrosine, with a mixture of enzymes
comprising catalvtic quantities of the enzymes {i) DODC; and [ii)
TYR under reaction conditions permitting an enzyme catalyzed
chemical conversion of L-tyrosine to dopamine;
10 {00069] In a further embodiment, there is provided a method of making
dopamine comprising:
(a}) providing L-DOPA,; and
{b)  contacting the L-DOPA with catalytic quantities of the
enzyme DODC under reaction conditions permitting an enzyme
15 catalyzed chemical conversion of L-DOPA to dopamine.
[00070] The foregoing reactions may be performed under in vivo or in vitro
conditions as hereinafter further detailed.

4-Hydroxyphenylacetaldehyde synthesis

[00071] In one embodiment of the disclosure, there is provided a methed
20 making 4-hydroxyphenylacetaldehyde. Accordingly, there is provided a method of
making 4-hydroxyphenylacetaldehyde comprising:
(a) providing L-tyrosine; and
(b]  contacting the L-tyrosine with catalytic quantities of the
enzymes (i) TYDC and (ii) MAO under reaction conditions
25 permitting an enzyme catalyzed chemical conversion of L-
tyrosine to 4-hydroxyphenylacetaldehyde.
[00072] In 2 further embodiment, there is provided a method of making 4-
hydroxyphenylacetzldehyde comprising:
(a) providing tyramine; and
30 (b)  contacting the tyramine with catalytic quantities of the

enzyme MAOQ under reaction conditions permitting an

20
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enzyme catalyzed chemical conversion of tyramine to 4-
hydroxyphenylacetaldehyde.
[00073] The foregoing reaction may be performed under in vive or in vitro
conditions as hereinafter further detailed.
5 L-DOPA synthesis

[00074] In one embodiment of the disclosure, there is provided a method

making L-DOPA. Accordingly, there is provided a method of making L-DOPA

comprising:
(a) providing-tyrosine; and
10 {b)  contacting the L-tyrosine with catalytic quantities of the
enzyme TYR under reaction conditions permitting an enzyme
catalyzed chemical conversion of L-tyrosine to form L-DOPA.
[00075] The foregoing reaction may be performed under in vive or in vitro

conditions as hereinafter further detailed.
15  Tyramine is
[00076] In one embodiment of the disclosure, there is provided a method

making tyramine. Accordingly, there is provided a method of making tyramine

comprising:
(a)  providing L-tyrosine; and
20 (b)  contacting the L-tyrosine with catalytic quantities of the
enzyme TYDC under reaction conditions permitting an
enzyme catalyzed chemical conversion of L-tyrosine to form
tyramine.
[00077] The foregoing reaction may be performed under in vivo or in vitro

25  conditions as hereinafter further detailed.
-Norlaudanosoline s esis
[00078) In a further embodiment, there is provided a method of making (§)-
noriaudanosoline comprising:
{a) providing L-tyrosine; and
30 {b)  contacting the L-tyrosine with catalytic quantities of the
enzymes (i) TYR; (1i) DODC; (iii) MAO and (iv) NCS under reaction
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conditions permitting an enzyme catalyzed chemical conversion of
L-tyrosine to (5)-norlavdanosoline.
[00079] In a further embodiment, there is provided a method of making {5)-
norlaudanosaline comprising:
(a)  providing L-DOPA; and
[b)  contacting the L-DOPA with catalytic quantities of the
enzymes (i} DODC; (i) MAO and (iii) NCS under reaction canditions
permitting an enzyme catalyzed chemica! conversion of L-DOPA te
(S)-norlaudanosoline.
[00080] In a further embodiment. there is provided a method of making ($)-
norlaudanosoline comprising:
(a) providing dopamine; and
(b)  contacting the dopamine with catalytic quantities of the
enzymes (i} MAO and (ii) NCS under reaction conditions permitting
an enzyme catalyzed chemical conversion of dopamine to (5)-
norlaudanosotine;
[o0081] In a further embodiment, there is provided a methoed of making (§)-
norlaudanosoline comprising;
{a] providing dopamine and 3,4-dihydroxypheaylacetaldehyde;
and
{b]  contacting the dopamine and 3.4-
dihydroxyphenylacetaldehyde with catalytic quantities of the
enzyme NCS under reaction conditions permitting an enzyme
catalyzed  chemical conversion of dopamine and 4-
hydroxyphenylacetaldchyde to ($)-norlaudanosoline.
[00082] In a further embodiment, there is provided a method of making (5)-
norlaudanosoline comprising:
(@)  providing L-tyrosine and 3,4-dihydroxyphenylacetaldehyde;
and
{b)  contacting the L-tyrosine and 34-
dihydroxyphenylacetaidehyde with catalytic quantities of the
enzymes (1) TYR; (ii) DODC and (iii} NCS under reaction conditions
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permitting an enzyme catalyzed chemical conversion of L-tyrosine
and 4-hydroxyphenylacetaldehyde to {§)-norlaudanosoline.
[00083) In a further embodiment, there is provided 2 method of making (S}-

norlaudanosoline comprising:

S (a) providing L-DOPA and 34-dihydroxyphenylacetaldehyde;
and
(b)  contacting the L-DOPA and 3.4-

dihydroxyphenylacetaldehyde with catalytic quantities of the
enzymes (i) DODC and (ii) NCS under reaction conditions permitting
10 an enzyme catalyzed chemical conversion of L-DOPA and 4-
hydroxyphenylacetaldehyde to (S)-norlaudanosoline.
[00084] The foregoing embodiments of the disclosure to make ($)-
norlaudanosoline are further illustrated in Table B.
[00085] The foregoing reactions may be performed under in vivo or in vitro
15 conditions as hereinafter further detailed.

3.4-Dihydroxyphenylacetaldehyde synthesis

[00086] In one embodiment of the disclosure, there is provided a method

making 3,4-dihydroxyphenylacetaldehyde. Accordingly there is provided a
method of making 3.4-dihydroxyphenylacetaldehyde comprising:
20 {(a) providing L-tyrosine; and
(b)  contacting the L-tyrosine with catalytic quantities of the
enzymes (i) TYR; (ii) DODC; and (3i) MAO under reaction

conditions permitting an enzyme catalyzed chemical

conversion of L-tyrosine to 3.4-
25 dihydroxyphenylacetaldehyde.
[00087] In a further embodiment, there is provided a method of making 34-

dihydroxyphenylacetaldehyde comprising:

(a)  providing L-DOPA; and
(b)  contacting the L-DOPA with catalytic quantities of the
30 enzymes (i) DODC; and (ii) MAO under reaction conditions
permitting an enzyme catalyzed chemical conversion of L-

DOPA to 3.4-dihydroxyphenylacetaldehyde.
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[00088] In a further emhodiment, there is provided a methed of making 3,4-
dihydroxyphenylacetaldehyde comprising:
(a} providing dnpamine; and
(b]  contacting the dopamine with catalytic quantities of the
5 enzyme MAO under reaction conditions permitting an
enzyme catalyzed chemical conversion of dopamine to 3,4-
dihydroxyphenylacetaldehyde.
[00089] The foregoing reaction may be performed under in vivo or In vitro

conditions as hereinafter further detailed.

10  Invitro producti -nercoclaurine -nortaudanosoline, and thesis
intermediates thereof
[00050] In accordance with certain aspects of the present disclosure, (5)-

norcoclaurine and {S}-norlaudanosoline synthesis precursors andfor (S}
norcaclaurine and ($)-norlaudanosoline synthesis intermediates are brought in
15 contact with catalytic quantities of one or more of the enzymes TYR; DODC; TYDC;
MAQ:; and NCS under reaction conditions permitting an enzyme catalyzed
chemical conversion of (§)-norcoclaurine and (§}-norlaudanosoline synthesis
precursors and/or (§)-norcoclaurine and {S)-norlaudanoseline synthesis
intermediates under fn vitro reaction conditions. Under such in vitro reaction
20 conditions the initial reaction constituents are provided in mere or less pure form
and are mixed under conditions that permit the requisite chemical reactions, upon
enzyme catalysis, to substantially proceed. Substantially pure forms of the initial
(S)-norcoclaurine and (S)-nerlaudanosoline synthesis precursors and/or {S)-
norcoclaurine and {§)-norlaudanosoline synthesis intermediates may be
25 chemically synthesized or isolated from natural sources including Papaver
somniferum and other members of the Papaveraceae, Ranunculacae,
Berberidaceae and Menispermaceae families of plants comprising such
compounds as desired. Suitable Papaveraceae members include, but are not
limited to, species Gbelonging to the genus Papaver; Argenome; Corvdalis;
30 Chelidonium; Eschscholzia; Glaucium; Romeria; Sanguineria; and Stylophorum. Such
species may be able to make (8)-norcoclaurine, include, but are not limited to,

plant species selected from Argemone mexicana; Chelidonium majus; Corydalis
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bulbosa; Corydalis cava; Chordvalis cheilanthifolia; Corydalis ochotenis; Corydalis
ophiocarpa; Corydalis  platycarpn; Corydalis  saxicola; Corydalis  tuberosa;
Eschscholzie  californica;  Glancium  flavum;  Papaver armenigcum; Papaver
bracteatum, Papaver cylindricum.; Papaver decaisnei; Papaver fugax; Papaver
5 oreophyllum, Papaver orientale; Papaver paeonifolium; Papaver persicum; Papaver
pseudo-orientale; Papaver rhoeas; Papaver rhopalathece; Papaver setigerum;
Papaver somniferum; Papaver tauricolum; Papaver triniaefolium; Romeria carica;
Sanguineria canadensis; Stylophorum diphylium. Suitable Ranunculacaea members
include, but are not limited to, species belonging to the genus Thalictrum;

10 Hydrastis; Nigella; Coptis and Xanthoriza. Such species may be able 2o make (5)-
norcoclaurine, include, but not are not limited to, plant species selected from:
Thalictrum flavum; Hydrastis canadensis; Nigella sativa; Coptis japonica and
Xanthorhiza simplicissima. Suitable Berberidaceae members include, but are not
limited to, species belonging to the genus Berberis; Mahonia; Jeffersenia and

15  Nandina. Such species may be able to make (S)-norcoclaurine, include, but not are
not limited to, plant species selected fromn Berberis thunbergii; Mahonia
aquifolium; feffersonia diphylia, and Nandina domestica. Suitable Menispermaceae
members, include, but are not limited to, plant species selected from:
Menispermum, Cocculus, Tinospore and Cissempelos. Such species may be able to

20 make {§)-norcoclaurine, include, but not are not limited to, plant species selected
from Menispermum canadense; Coccolus trilobus; Tinospora cordifolia and
Cissempelos mucronata. All of the aforementioned plant species may be able to
produce norcoclaurine synthesis pathway precursors and/er (S)-norcoclaurine
synthesis intermediates.

25 [00091] In accordance herewith more or less pure forms, of the enzymes
may be isolated from natural sources, microbial species, and the hereinbefore
mentioned plant species, including Papaver somniferum, or they may be prepared
recombinantly. Thus, provided herein is further a method for preparing an
enzyme selected from the group of enzymes consisting of TYR; DODC; TYDC: MAQ;

30  and NCS comprising:

{a)  providing a chimeric nucleic acid sequence comprising as operzbly

linked components:
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(1) one or mere nucleic acid sequences encoding one or more of
the polypeptides selected from the group of polypeptides consisting
of TYR; DODC; TYDC; MAO; and NCS; and
(i}  one or more pucleic acid sequences capable of controlling
5 expression in a host cell;
(b)  introducing the chimeric nucleic acid sequence into a host cell and
growing the host cell to produce one or more of the polypeptide selected

from the group of polypeptides ¢consisting of TYR; DODC; TYDC; MAQ; and

NCS; and
10 {c)  recovering TYR; DODC; TYDC; MAQ; and NCS from the host cell.
[00092] In preferred embodiments, the enzymes are polypeptides having a

polypeptide sequence represented by SEQ.ID. NO: 98 (TYR): SEQ.ID. NO: 100
{DODCY; SEQ.ID. NO: 102 (TYDC); SEQ.ID. NO: 96 (MAQ); and SEQUD. NO: 1 to
SEQ.ID. NO: 42 (NCS).

15 [00093] Growth of the host cells leads to production of the TYR; DODC;
TYDC; MAO and/or NCS. The polypeptides subsequently may be recovered,
isolated and separated from other host cell components by a variety of different
protein purification techniques including, e.g. ion-exchange chromatography, size
exclusion chromatography, affinity chromatography, hydrophobic interaction

20 chromatography, reverse phase chromatography, gel filtration, etc. Further
general guidance with respect to protein purification may for example be feund in:
Cutier, P. Protein Purification Protocols, Humana Press, 2004, Second Ed. Thus
substantially pure preparations of the TYR; DODC; TYDC, MAO and/or NCS
polypeptides may be obtained. Combinations and mixtures of the TYR; DODC;

25 TYDC; MAO and NCS polypeptides may be prepared and selected in accordance
and any and all of the combinations of the enzymes set forth herein in are
specificaily included.

[00094] In accordance herewith, norcoclaurine synthesis pathway
precursors or (S}-norcoclaurine synthesis intermediates are brought in contact

30  with catalytic quantities ¢f one or more of the enzymes TYR; DODC; TYDS MAO
and/or NCS under reaction conditions permitting an enzyme catalyzed chemical

conversion of the (S}-norcoclaurine and (S)-norlaudanoseoline synthesis
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precursors  and/or (§)-norceclaurine and (S)-norlaudanosoline  synthesis
intermediates. In preferred embodiments, the agents are brought in contact with
each other and mixed to form a mixture. In preferred embodiments, the mixture is

an aqueous mixture comprising water and further optionally additional agents to

(51

facilitate enzyme catalysis, including buffering agents, salts, pH modifying agents,
as well as co-factors, for example NAD+ and NADP+. The reaction may be
performed at a range of different temperatures. In preferred embodiments the
reaction is performed at a temperature between about 18 °C and 37 °C. Upon
completion of the in vitro reaction ($)-norcoclaurine, (S)-norlaudancsoline or
10 synthesis intermediates therecf may be obtained in maore or less pure form, It is
noted that in embediments of the present disclosure where ($}-norlaudanosoline
synthesis requires that a portion of the available dopamine substrate is converted
to 3,4-DHPAA, and a portion is used to be coupled to 3,4-DHPAA in order to
produce {$)-norlaudanosoline in the presence of NCS, activity of MAO may be
15 regulated in order to obtain a stoichiometric balance of the both NCS substrates.
Such regulation may be achieved at for example the transcriptional or

translational level.

In vivo production of {$)-norcoclaurine, ($}-norlaudanaseline, and synthesis
intermediates thereof

20 [00095] In accordance with certain aspects of the present disclosure {§)-
norcoclaurine synthesis pathway precursors and/or (5)-norcoclaurine synthesis
intermediates are brought in contact with catalytic quantities of one or more of
the enzymes TYR; DODC; TYDC; MAO: and/or NCS under reaction conditions
permitting an enzyme catalyzed chemical conversion of the (§}-norcoclaurine and

25 {$)-norlaudanosoline synthesis precursers, and (S)-norcoclaurine and (S)-
norlaudanosoline synthesis intermediates under in vivo reaction conditions. linder
such in vive reaction conditions living cells are modified in such a manner that
they produce (S]-norcoclaurine, (5)-norlaudanosoling, or synthesis intermediates
thereof. In certain embodiments, the living cells are microorganisms, including

30  bacterial celis and fungal cells, in other embodiments, the living cells are

multicellular organisms, including plants.
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[00096] In one embodiment, the living cells are selected to be host cells
capable of producing at least ane of the (5)-norcoclaurine or £5)-norlaudanosoline
synthesis intermediates of the present disclosure, but are unable to produce (-
norcoclaurine, or one or more of (§)-nercoclauring, ($)-norlaudanosoline, or
5  synthesis intermediates of the present disclosure. Such cells include, without
limitation, bacteria, yeast, other fungal cells, plant cells, or animal cells. Thus, by
way of example only, a host cell may be a yeast host cell capable of producing L-
tyrosine, but not dopamire, {S}-norcoclaurine, or (5)-nortaudanosoline. In order to
modulate such host cells in such a manner that they produce (§)-norcoclaurine,
10 (S)-norlaudanosoline, or synthesis intermediates thereof one or more af the
enzymes selected from the group of enzymes consisting of TYR; DODC; TYDC,
MAO and NCS in accordance herewith may be heterologously introduced and
expressed in the host cells.
[00097] In other embodiments, the living cells naturally produce cne or
15 more of the {S)-norcoclaurine and (§)-norlaudanosoline synthesis precursors,
and/or synthesis intermediates, thereof, and/or (5)-norcoclaurine, and/or (§)-
norlaudanosoline of the present disclosure, however the living cells are modulated
in such a manner that the levels of sne or more of the (5)-ncreoclaurine and (8-
nerlaudanesoline synthesis intermediates, or (S}-norcoclaurine and/or (5}
20 norlaudanosoline produced in the cells is modulated, relative to the levels
produced by the cells without heterologous introduction of any of the
aforementioned enzymes in such living cells.
[oo098)] In order te preduce (S)-norcoclaurine, (§)-norlaudanosoline, or a
(8)-norcoclaurine or {S)-norlaudanosoline synthesis intermediate, provided
25 herein is further a method for preparing ($)-norcoclaurine, (S)-norlaudanosoline,
and/or one or more of the ($)-norcoclaurine or (S}-norlaudanosoline synthesis
intermediates selected from the group of ($)-norcoclaurine or (5
norlavdanosoline synthesis intermediates consisting of tyramine; L-DOPA: 4-
hydroxyphenylacetaldehyde, 3,4-dihydroxyphenylacetaldehyde; and dopamine
30  comprising:
(a providing a chimeric nucleic acid sequence comprising as operably

linked components:
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)] one or more nucleic acid sequences encoding one or more of
the polypeptides selected from the group of polypeptides consisting
of TYR; DODC; TYDC, MAO; and NCS; and
(i) one or more nucleic acid sequences cazpable of controlling
5 expression in a host cell;

(b)  introducing the chimeric nucleic acid sequence into a host cell and
growing the host cell to produce the polypeptide selected from the group of
polypeptides consisting of TYR; DODC; TYDC; MAQ; and NCS and to
produce one or more of (§)-norcoclaurine, {5}-norlaudanosoline, or one of
10 the ($}-norcoclaurine or [$)-norlaudanoscline synthesis intermediates; and
(c) recovering (S)}-norcoclaurine, (S)-norlaudanosoline, or a (5}

norcoclaurine ot (5)-norlaudancseline synthests intermediate.
[00099] fh sorme embodiments, the nucleic acid sequences may be isolated
from the hereinbefore mentioned plant species, including Papaver somniferum, or
15 from microbial species. In preferred embodiments, the nucleic acid sequences are
selected from the nucleic acid sequences set forth herein as one or more of SEQ.ID.
NO: 43 to SEQ. ID. NO.: 80; SEQ. [D. NO: 95; SEQ. ID. NO: 97; SEQ. 1D. NO: 99 ar
SEQ.1D. NO: 101. In certain embodiments, the nucleic acid sequence encoding the
TYR, DODC, TYDC, MAO or NCS may contain multiple nucleic acids sequences
20 encoding a TYR, DODC, TYDC, MAD or NCS polypeptide, e.g. 2, 3, 4, or 5 nucleic
acid sequences. Specific nucleic acid sequences that encode multple NCS
sequences that may be used in accordance herewith include SEQ. ID. NO: 80; SEQ.
iD. NO: 48; SEQ. ID. NO: 51; SEQ. 1D. NO: 53; SEQ ID. NO: 54; SEQ. ID. NO: 65; SEQ
ID. NO: 66; SEQ. ID. NO: 55; and SEQ ID. NO: 57. It will be clear to those of skill in
25  the art that a nucleic acid sequence encoding fewer NCS coding regions (eg 1
coding region, Z coding regions, 3 coding regions, 4 coding regions, S coding
regions or 6 coding) than those provided for by the multiple coding regicn
containing nucleic acid sequences may be isolated from the afcrementioned
nucleic acid sequences. In this respect, FIG, 4 identifies the NCS coding regions of
30 each of these nucleic acid sequences. Furthermore, a single coding region may be
selected, e.g. one of the coding regions shown in FIG. 4, and used to prepare

multimers (e.g. a homo-dimer, homo-trimer, homo-tetramer, homo-pentamer or
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homo-hexamer). in other embodiments, two or more coding regions, from the
same or different organisms, may be selected and combined to prepare multimers
(e-g- a hetero-dimer, hetero-trimer, hetero-tetramer, hetero-pentamer or hetero-
hexamer). It is further noted that a nucleic acid sequence encoding full length or
5 truncated forms of TYR, DODC, TYDC, MAQ and NSC may be used, for example the
N-terminal signal peptides, representing typically no more than up to 30 amino
acids, may be removed from the N-termini, as provided in or SEQ. ID. NO: 103 -
SEQ. ID. NO: 110. As illustrated in Example 3, truncated sequences may provide
more significant levels of norcoclaurine than the intact sequence, and thus be used

19 in preferred embediments of the present disclosure. The hersinbefore mentioned
polypeptide or polypeptides are selected are selected in accordance with the
specific (§)-norcoclaurine or {S)-norlaudanoscline synthesis intermediate(s), or
(8)-norcoclaurine or (S)-norlaudanosaline that is desirable to obtain. Thus, by way
of non-limiting example, if one wishes to prepare (§)-norcoclaurine one may

15  introduce in a host cell capable of producing L-tyrosine, a chiteric nucleic acid
sequence into a host cell encoding the polypeptides TYR; DODC; TYDC; MAO: and
NCS (i.e. a nucleic acid sequence comprising SEQ.ID. NO: §7 (TYR); SEQ.ID. NO: 99
(DODC); SEQ.ID. NO: 101 (TYDC); SEQ.ID. NO: 95 {MAQ); and one of SEQ.ID. NO:
43 - SEQ.ID. NO: 80 (NCS).

20 [G00100) It is further noted that in certain embodiments of the present
disclosure, the chimeric nucleic acid sequence may encode multiple TYR, DODC,
TYDC; MAQ; and/or NCS polypeptides. Thus in certain embodiments of the
present disclosure, the chimeric nucleic acid sequence may additionally encode, a
second; second and third; second, third and fourth; second, third, fourth and fifth:

25 or a second, third, fourth, fifth and sixth polypeptide selected from the group of
pelypeptides consisting of TYR; DODC; TYDC: MAQ and NCS. In embodiments were
chimeric nucleic acid sequences encoding multiple polypeptides are provided,
each of the additional nucleic acid sequences and/or the poulypeptides may be
identical or non-identical. Nucleic acid sequences that may be used in accordance

30 with these embodiments are CCHNCS2 (SEQ.ID. NO: 66); CMANCS1 [SEQ.ID. NO:
85); CCHNCST (SEQ.ID. NO: 65); PBRNCSS (SEQ.ID. NO: 90); and PSONCS3 (SEQ.ID.

NO: 34] (of which expression and (S)}-norcoclaurine production is shown in
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Example 2 and Example 3, respectively) and PBRNCSZ {SEQ.ID. NO: 48), SDINCS1
(SEQ.ID. NO: 89) and CMANSC2 (SEQ.ID. NO: 54).
[000101] In accordance herewith, the nucleic acid sequence encading TYR;
DODC; TYDC MAQ; and/or NCS is linked to a nucleic acid sequence capable of
5  controlling expression of TYR; DODC; TYDC, MAQ; and/or NCS in a host cell.
Accordingly, the present disclosure also provides a nucleic acid sequence encoding
TYR; DODC; TYDC; MAQ; and/or NCS linked to a promoter capable of controlling
expression in a host cell. Nucleic acid sequences capable of controlling expression
in host cells that may be used herein include any transcriptional promoter capable
10 of controlling expression of polypeptides in host cells. Generally, promoters
obtained from bacterial cells are used when a bacterial host is selected in
accordance herewith, while a fungal promoter will be used when a fungal host is
selected, a piant promoter will be used when a plant cell is selected, and so on.
Further nucleic acid elements capable elements of controlling expression in a host
15 cell include transcriptional terminators, enhancers and the like, all of which may
be included in the chimeric nucleic acid sequences of the present disclosure.
[000102]  In accordance with the present disclosure, the chimeric nucleic acid
sequences comprising a promoter capable cof controlling expression in host cell
linked tc a nucleic acid sequence encoding TYR; DODC; TYDC; MAO: and NCS, can
20 be integrated into a recombinant expression vector which ensures good
expression in the host cell. Accordingly, the present disclosure includes a
recombinant expression vector comprising in the 5' to 3" direction of transcription

as operably linked components:

(i) a nucleic acid sequence capable of contrelling expression in a
25 host cell; and
(i) a nucleic acid sequence encoding TYR; DODE: TYDC: MAQ; and
NCS,

wherein the expression vector is suitable for expression in a host cell. The term
“suitable for expression in a host cell” means that the recombinant expression
30 vector comprises the chimeric nucleic acid sequence of the present disclosure
linked to genetic elements required to achieve expression in a host cell. Genetic

elements that may be included in the expression vector in this regard include a
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transcriptional termination region, one or more nucleic acid sequences encading
marker genes, one or more origins of repiication and the like. In preferred
embodiments, the expression vector further comprises genetic elements required
for the integration of the vector or a portion therecf in the host cell's genome, for
5 example if a plant host cell is used the T-DNA left and right border sequences
which facilitate the integration into the plant's nuclear genome.
[000103]  Pursuant to the present disclosure, the expression vecter may
further contain a marker gene. Marker genes that may be used in accordance with
the present disclosure include all genes that allow the distinction of transformed
10 cells from non-transformed cells, including all selectable and screenable marker
genes. A marker gene may be a resistance marker such as an antibiotic resistance
marker against, for example, kanamycin or ampiciilin. Screenable markers that
may be employed to identify transformants through visval inspection include g-
glucuronidase (GUS) (U.S. Pat. Nos. 5268463 and 5599,670) and green
15 fluorescent protein (GFP) (Niedz et al, 1995, Plant Cell Rep., 14: 403).
[000104] One host cell that particularly conveniently may be used is
Escherichia coli. The preparation of the E. coli vectors may be accomplished using
commonly known techniques such as restriction digestion, ligation,
gelectrophoresis, DNA sequencing, the Polymerase Chain Reaction {PCR) and
20 other methodologies. A wide variety of cloning vectors is available to perform the
necessary steps required to prepare a recombinant expression vector. Amang the
vectors with a replication system functional in E. coli, are vectors such as pBR322,
the pUC series of vectors, the M13 mp series of vectors, pBluescript ete. Typically,
these cloning vectors contain a marker allowing selection of transformed cells.
25 Nuclek acid sequences may be introduced in these vectors, and the vectors may
be introduced in E. colt by preparing competent cells, electroporation or using
cther well known methodologies to a person of skill in the art. E coli may be
grown in an appropriate medium, such as Luria-Broth medium and harvested.
Recombinant expression vectors may readily be recovered from cells upon
30 harvesting and lysing of the cells. Further, general guidance with respect to the

preparation of recornbinant vectors and growth of recombinant organisms may be
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found in, for example: Sambrook et al., Molecular Cloning, a Laboratory Manual,
Cold Spring Harbor Laboratory Press, 2001, Third Ed.
f000105)  Further included in the present disclosure are a host cel] wherein
the host cell comprises a chimeric nucleic acid sequence comprising in the 5" to 3
5  direction of transcription as operably linked components one or more nucleic acid
sequences encoding one or more of the polypeptides selected from the group of
polypeptides consisting of TYR; DODC; TYDC; MAQ; and NCS. As hereinbefore
mentioned the host cell is preferably a host cell capable of producing at least one
of the {$)-norcoclaurine or (5)-norlaudanosoline synthesis intermediates, or (5)-

10 norcociaurine or (5)-norlaudanesoline precursors of the present disclosure, but is
unable to produce (§)-norcoclaurine, ($)-norlaudanoseline, or one or more of (§)-
naorcoclaurine or (S)-norlaudancsoline, or other {§)-norcoclaurine and (5)-
norfaudanosoline synthesis intermediates of the present disclasure, but for the
introduction of the chimeric nucleic acid sequences of the present disclosure.

15  Combinations of nucleic acid sequences in order to produce (§)-norcoclaurine or
{$)-norlaudanosoline in accordance herewith may be selected by referring to
Table A and Table B, any and all of the combinations of nucleic acid sequences
encoding the polypeptides set forth in Tables A and Table B are specifically
included herein.

20 [000166]  As hereinbefore mentioned, in ather embodiments, the living cells
naturally produce one or more of the (S)-norcoclaurine and {S)-norlaudanosoline
synthesis intermediates, (5)-norcoclaurine and (§)-norlaudanosoline precursors,
or (8)-norcociaurine and ($]-norlaudanosoline of the present disclosure, however
the living cells are modulated in such a manner that the levels of one or more of

25 the ($)-norcoclaurine or (5)-norlaudanosoline synthesis intermediates, or (§)-
norcoclaurine or (S)-nortaudanoscline produced in the cells is modulated, without
heterclogous introduction of any of the aforementioned enzymes in such living
cells. Such modulations may be achieved by 2 variety of modification technigues,
including, but not Jimited to, the modulation of one or more of the enzymatic

30 activities of TYR; DODC; TYDC; MAO; and NCS, for exampie by modulating the
native nucleic acid sequences encoding TYR; DODC; TYDC, MAD; and NCS, for

example by gene silencing methodologies, such as antisense methodologies; or by
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the use of medification techniques resulting in modulation of activity of the
enzymes using for example site directed mutagenesis, targeted mutagenesis,
random mutagenesis, virus-induced gene silencing, the addition of organic
solvents, gene shuffling or a combination of these and other techniques known to

5 those of skill in the art, each methodology designed to aiter the activity of the
enzymes of TYR; DODC; TYDC; MAQ; and NCS, in such a manner that the
accumulation of one or more of (S)-norcaclaurine or the (5)-norcoclaurine or (§)-
norlaudanosoline intermediates in the living cells increases. Thus the present
disclosure further includes embodiments which involve modulating living cells by

10 reducing the production of NCS in order to produce dopamine and/or 4-
hydroxyphenylacetaldehyde and/or 3,4-dihydroxyphenylacetaldhyde; modulating
living cells by reducing the production of DODC in aorder to produce L-DOPA;
modulating living cells by reducing the production of TYR in order to produce -
tyrosine; modulating living cells by reducing the production of TYDC in crder to

15 produce L-tyrosine; modulating living cells by reducing the production of MAQ in
order to produce dopamine. Thus it will be clear that in accordance with the
foregoing embodiments, (5)-norcoclaurine or (§)-norlaudanosoline synthesis
intermediates, and (S)-norcoclaurine or (§)-norlaudanosoline precursors may be
produced by inhibiting an enzyme that converts the (§)-norcoclaurine or {S)-

20 norlaudanosaline synthesis intermediate immediately downstream of the desired
{8)-norcoclaurine or (§)-norlaudanosoline synthesis intermediate, or the desired
(S)-norcoclaurine or (S}-norlaudanuscline precursor, and providing the (S)-
norcaclaurine or {$)-norlaudanosoline intermediate or the [(5}-norcoclaurine or
(S)-norlaudanosoline precursor immediately upstream (as depicted in F1G. 1 and

25  FIG. 2) of the desired ($)-norcoclaurine or (§)-noriaudanoseline synthesis
intermediate, or (S}-norcoclaurine or {$)-norlaudanosoline precursor under
conditions that permit the production of the desired (S)-norcoclaurine ar ($)-
norlaudanosoline  synthesis intermediate, or (5)-norcoclaurine or  (5)-
norlaudanoscline precursors from the immediate upstream component. Thus,

30 strictly by way of example, one may select a plant comprising the entire synthesis
pathway depicted in FIG, 1 (Papaver somniferum, for example), and inhibit NCS in

such plant, thereby providing L-DOPA and/or tyramine under cenditions that
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permit the production of dopamine or 4-hydroxyphenylacetaldehyde,
respectively; or, and again, strictly by way of example, one may select a plant
comprising the entire synthesis pathway depicted in FIG. 1 (Papaver somniferum,
for example), and inhibit DODC in such plant, thereby providing L-tyrosine under
5  conditions that permit the production of L-DOPA.
[000107]  Provided herein is further a method for preparing an (S}
norcoclaurine or (S)-norlaudanoscline synthesis intermediate, or an ($§)-
norcoctaurine or (§]-norlaudanoscline precursor selected from the group of (5)-
norcoclaurine  or (§)-norlaudanosoline synthesis intermediates and (§5)-
10 norcoclaurine or (S)-norlaudanoscline precursors consisting of: L-tyrosine; L.-
DOPA;  dopamine; tyramine; 4-hydroxyphenylacetaldehyde, and 3.4-
dihydroxyphenylacetaldehyde; and comprising:
(a) providing a chimeric nucleic acid sequence comprising (i) one or
more nucleic acid sequences complementary all or a portion of the mRNA
15 synthesized by the nucleic acid sequence encoding the polypeptides
selected from the group of polypeptides consisting of TYR; DODC; TYDC;
MAQ; and NCS; and (ii) one or. more elements capable of controlling
transcription of the complementary nucleic acid sequence, wherein the
chimeric nucleic acid sequence is capable of producing an antisense RNA
20 complementary all or a portion of the mRNA of the nucleic acid sequence
encoding the polypeptides selected from the group of polypeptides
consisting of TYR; DODC; TYDC; MAQ; and NCS;
(b}  introducing the chimeric nucieic acid sequence into a host cell;
(©) growing the host cell to produce the antisense RNA and inhibit
25 synthesis of the polypeptide selected from the group of polypeptides
consisting of TYR; DODC; TYDC; MAO; and NCS and to produce one or more
of an (§)-norcoclaurine or (S)-nortaudanosoline synthesis intermediate or a
($)-norcoclaurine p or (§)-norlaudancsoline athway precursor selected
from the group of {§)-norcoclaurine or (S)-norlaudanosoline synthesis
30 intermediates and (S}-norcoclaurine or {3)-norlaudanosoline precursors
consisting  of  L-tyrosine; L-DOPA;  dopamine; tyramine; 4-
hydroxyphenylacetaldehyde, and 3,4-dihydroxyphenylacetaldehyde; and
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(d) recovering a (S)-norcoclaurine or ($)-norlaudanoseline synthesis
intermediate, or (S)-norcoclaurine or (S)-norlaudanosoline precursor
selected from the group of (§)-norcoclaurine or [$)-norlaudanosoline
synthesis intermediates, and {S)-norcoclaurine or {§)-norlaudanosoline
5 precursors consisting of L-tyrosine; L-DOPA; dopamine; tyramine; 4-
hydroxyphenylacetaldehyde, and 3,4-dihydrexyphenylacetaldehyde.
Compaositions comprising (§)-norcociaurine and {$)-norlaudanasoline
synthesis intermediates

[000108] In accordance with present disclosure, methods are provided to

10 make various (5}-norceclaurine or ($}-norlaudanosoline synthesis intermediates.
Accordingly, further included in the present disclosure are substantially pure or
isolated forms of such {$)-norcoclaurine or {S)-noriaudanoseline intermediates.
Included in the present disclosure are substantially pure or isclated tyramine
having the chemical formula set forth in FIG. 3B; substantiaily pure or isclated L-

15 DOPA having the chemical formula set forth in FIG. 3C; a substantially pure or
isolated dopamine having the chemical formula set forth in FIG. 3E; substantially
pure or isolated 4-hydroxyphenylacetaldehyde having the chemical formula set
forth in  FIG. 3D; and substantially pure or isolated 34-
dihydroxyphenylacetaldehyde having the chemical formula set forth in FIG. 3G;

20 and substantially pure or isolated ($)-norlaudanosaline having the chemical
formula set forth in F1G. 3H.

Nucleic acid sequences encoding pelypeptides, and polypeptides involved in
-norcoclauri - danosgline, and esis intermedi
thereof

25  [000109] The present disclosure relates to nucleic acid sequences ercoding
polynucleotides involved in (§)-norcoclaurine, (S)-norlaudanosoline, and
synthesis intermediates thereof. Accordingly the present disclosure provides the
following nucleic acid sequences encoding NCS polypeptides: SEQ. 1D. NO: 1 to
SEQ. ID. NO: 42. The foregoing nucleotide sequences may be obtained in pure or

30  substantially pure form and be provided in expression vectors. Accordingly the
present disclosure further comprises an expression vector comprising any one of
SEQ.ID.NQ: 1 to SEQ. [D. NO: 41.
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[000110] The npresent disclosure also provides the fellowing NCS
polypeptides: SEQ. ID. NO: 42 to SEQ. ID. NO: 79. The foregeing palypeptides in
accordance with the present disclosure may he obrained in more oriess pure form
in accordance with the present disciosure.

5  Useof (S)-norcoclauring, (S)-norlaudanosoline, and synthesis intermediates

thereof
[000111) The (§)-norcoclaurine, (5)-norlaudanosoline, and synthesis
intermediates thereof cbtained in accordance with the present disclosure may be
formulated for use as a source material or chemical intermediate tc manufacture a
10 pharmaceutical drug, recreational drug, stimulant, therapeutic agent or medicinal
agent, including the stimulants caffeine and nicotine, the stimulant and local
anesthetic cocaine, the anti-malarial drug guinine, the analgesic morphine, the
antimicrobials sanguinerine and berberine, the muscle relaxant papaverine, and
the cough suppressant noscapine, and derivatives of any of the foregoing. Further
15  (S)-norcoclaurine, (S5)-norlaudanosoline, and  [(S)-norcoclaurine  or  (S)-
norlaudanosoline synthesis intermediates may be used as a pharmaceutical drug,
recreational drug, stimulant, therapeutic agent or medicinal agent. Thus the
present disclosure further includes a pharmaceutical composition or
pharmaceutical precursor compositica comprising ($)}-norcoclaurine, (8)-
20 norlaudanosaline, and synthesis intermediates thereof prepared in accordance
with the methods of the present disclosure. Pharmaceutical or pharmaceutical
precursor drug preparations comprising (S)-norcoctaurine, (§)-norlaudanosoline,
and synthesis intermediates thereof in accordance with the present disclosure
preferably further comprise vehicles, excipients and auxiliary substances, such as
25 wetting or emulsifying agents, pH buffering substances and the like. These
vehicles, excipients and auxiliary substances are generally pharmaceutical agents
that may be administered without undue toxicity. Pharmaceutically acceptable
excipients include, but are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid, glycerol and ethanol. Pharmaceutically
30  acceptable salts can also be included therein, for example, mineral acid salts such
as hydrochlorides, phosphates, sulfates, and the like; and the salts of crganic acids

such as acetates, propicnates, benzoates, and the like. It is also preferred, although
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not required, that the preparation will contain a pharmaceutically acceptable
excipient that serves as a stabilizer. Examples of suitable carriers that also act as
stabilizers for peptides include, without limitation, pharmaceutical grades of
dextrose, sucrose, lactose, sorhitol, inositol, dextran, and the like. Cther suitable

5 carriers include, again without limitation, starch, cellulose, sodium or calcium
phesphates, citric acid, glycine, polyethylene glycols (PEGs}, and combinations
thereof. The pharmaceutical composition may be formulated for oral and
intravenous administration and other routes of administration as desired. Dosing
may vary.

10 [000112]  In further embadiments, the present disclosure provides methods
for treating a patient with a pharmaceutical composition comprising (5)-
norcoclaurine, (§)-norlaudanosoline, and synthesis intermediates thereof
prepared in accordance with the present disclosure. Accordingly, the present
disclosure further provides a method for treating a patient with (§)-norcoclaurine,

15 ($8)-norlaudanoscline, and synthesis intermediates thereof prepared according to
the methods of the present disclosure, said method comprising administering to
the patient a composition comprising (5)-norcoclaurine, ($)-noriaudanosoline, and
synthesis intermediates therecf, wherein (5)-norcoclaurine, (5)-norlaudanosoline,
and synthesis intermediates thereof are administered in an amount sufficient to

20 amelicrate a medical condition in the patient.

[000113] The present disclosure alsp provides a use of a composition
comprising {5)-norcociaurine, (§)-norlaudanoscline, and synthesis intermediates
thereof, for ameliorating a medical condition in a patient. The present disclosure
further provides (S)-norcoclaurine, (S)-norlaudanosoline, and synthesis

25  intermediates thereof for use in ameliorating a medical condition in a patient. ()-
norcoclaurine may be used to improve vascular relaxation and as a
bronchodilatory stimulant,

EXAMPLES
[000114]  Heremafter are provided examples of specific embodiments for
30 performing the methods of the present disclosure, as well as embodiments

representing the compositions of the present disclosure. The exampics are
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provided for illustrative purposes only, and are not intended to limit the scope of
the present disclosure in any way.
Ex : 1 - Isolation of candidate nuclei id sequences encodj cs
[000115] Full-length NCS candidate genes were identified by web-based
5  BLAST searches with query sequences including PsNSCs (see: SEQ. ID. NO: 7; SEQ.
ID. NQ: 8}, TINCS (see: SEQ. ID. NO: 3) and AmNCSs (SEQ. ID. NO: 4; SEQ. ID. NO:
5}. The first strand cDNA was synthesized from total RNA of each of 20 plant
species using reverse transcriptase and oligo-dT primers, and cDNAs encoding
full-length NCS candidate genes were amplified by the polymerase chain reaction
10 (PCR) using the forward and reverse primers listed in Table C. The following plant
species were used: Argenome mexicana; Chelidonium majus; Chordyalis
cheilanthifolia; Eschscholzia californica; Glaucium flavum; Papaver bracteatum;
Sanguineria canadensis; Stylophorum majus; Thalictrum  flavum;  Hydrastis
canadensis; Nigella sativa; Xanthorhiza simplicissima, Berberis thunbergii, Mahonia
15 aquifolium; Jeffersonic diphylla, Nandina domestica; Menispermum canadense;
Coccolus trilobus: Tinospora cordifolia and Cissempelos mucronata. Thirty cycles of
the PCR consisting of 94 °C for 30 seconds, 52 °C for 30 seconds and extension at
72 °C for 2 min were performed. The reaction contained each deoxynucleoside
triphosphate at a concentration of 0.3 mM, 0.3mM of each primer, 50 ng f template
20 and 5 x KAPAhifi reaction buffer, and KAPA Hifi DNA polymerase (Kzpa
biosystems). Each amplified product was cloned in the pGEM-T easy vector and
used as a template for further PCR reaction. To obtain the coding region of NCS
candidate genes cloned into an expression vector, primers were designed to
include either HindlIl or BamH] or Xhol in their sequences as provided in Table D.
25  PCR was performed under the conditions described for these constructs, then they
were cloned into pGEMT-easy vector first and the resulting plasmid was digested
with either Hindlll and Xhol or BamHI and Xhol. The internal NCS candidate gene
fragment [SEQ. 1D. NO: 80 - SEQ. [D. NO: 93] was subcloned in the pET 29b vector
and was ligated to T4 DNA ligase (Invitrogen), and the ligation mixture was
30 transformed into either £. coli BL21 pLysS or ER2566 pLysS. To obtain truncated
versions of NCS candidate genes which lack 25 amino acid residues of the intact

protein, forward primers were designed, except the primer for truncated SDINCS1
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protein missing the first 30 amino acid residues as provided in Table E [SEQ.ID.
NO: 103 to SEQID. NO: 118]. After PCR for truncated NCS candidate genes, the
resulting PCR products were purified and ligated into the pGEM-T easy vector. The
resulting plasmid was sub-cloned using Hindlll/Xho! or BamHI/Xhal restriction
5 sites into pET 29 b vector and BL21 pLys. Nucleit acid sequences of 32 NCS
encoding nucleic acid sequence fragments (SEQ. ID. NO: 48 - SEQ. ID. NO: 80)
were determined and the deduced amino acid sequences (SEQ. [D. NO: 10 - SEQ.
ID. NO: 42) were obtained. [n certain instances the nucleotide fragment encoding
the NCS polypeptide comprise multiple {i.e. 2, 3, 4 or 5) NCS coding regions. These
10 fragments and relative orientation of multiple NCS coding regions are shown in
FIG. 4.
Example 2 - Expression of NCS polypeptides in Escherichia coli
[000116]  Atotal of 14 6 x-His fusion protein constructs containing either full-
length or truncated NCS candidate cDNAs were expressed in £ celf by induction
15 with 0.5 mM IPTG for 4.5 h at 37 °C. For PSONCS3 protein, low temperature
inductien (4 °C) for overnight was applied. The following nucleic acid sequences
were used: SCANCS1 (SEQ.D. NO: 52); TFLNCS2 (SEQ.ID. NO: 87); SDINSC1
(SEQ.ID. NO: 8%9); CCHNCSZ (SEQ.ID. NO: 66); NDONCS3 (SEQ.ID. NO: 72%;
CMANCS1 (SEQ.JD. NG: 85); (PBRNSC3 (SEQ.ID. NO: 83); ECANCS1 {SEQ.ID. NG:
20 56); CCHNCS1 (SEQID. NO: 65); PBRNCS4 (SEQ.ID. NO: 50j; CCHNCSS (SEQ.ID.
NO: 92); PBRNCSS (SEQ.D. NO: 90); XSINCS1 (SEQ.ID. NO: 93); and PSONCS3
(SEQ.ID. NO: 84). Cultures were harvested by centrifugation at 8,000 g for 10 min
and resuspended in cold 20 mM Tris, pH 7.5, 100 mM KCl, 10% glycerol. The cells
were routinely disrupted by sonication, followed by separation into soluble and
25 insoluble proteins by centrifugation. Recombinant protein from each lysate was
separated on SDS-PAGE (12% gels) and examined by immunoblot using anti-His-
tag antibody. The immunoblot showing 14 expressed NCS palypeptides (SCANCS1
(SEQ.ID. NO: 14); TFLNCS2 (SEQ.ID. NO: 22); SDINSC1 (SEQ.ID. NO: 17); CCHNCS2
(SEQ.ID. NO: 28); NDONCS3 (SEQ.ID. NO: 34); CMANCS1 (SEQID. NO: 53);
30 (PBRNSC3 [SEQ.D. NO: 11); ECANCS1 (SEQ.ID. NO: 18); CCHNCS1 (SEQ.ID. NO:
27); PBRNCS4 (SEQ.ID. NO: 12); CCHNCS5 (SEQ.D. NO: 31); PBRNCSS (SEQ.ID.
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NO: 13); XSINCS1 {SEQID. NO: 41); and PSONCS3 (SEQ.ID. NO: 42)) is shown in

FIG. 5.
Example 3 - Norcoclaurine production in recombinant Escherichin coli
expressing NCS

5 [000117] NCS activity was measured as described by Liscombe, DK, Macleod
BP, Loukanina N, Nandi OI, and Facchini P), 2005, Erratum to "Evidence for the
monophyletic  evolution of bensoisoquinoline alkaleid biosynthesis in
angiosperms” Phytechemistry 66: 1374-1393. In sumimary, reaction mixtures
containing each recombinant protein with 1 nmol [8-1%C] dopamine and 10 rmol

10 4-HPAA were incubated for 1.5 hr at 37°C. The reaction mixtures were spotted
onto & sitica gel 60 Fzse TLC and developed in n-BuOH:HOAC:H20 (4:1:5, v/v/v).
The TLC plates were visualized and analyzed using a Bie-Imaging Analyzer. The
Results are shown in FIG. 6. A total of 14 E. coli strains, each expressing one of the
polypeptides isolated in Example 1 were analyzed. FIG. 6A Shows the resuits
15  obtained using £ coli expressing the 6 intact NCS polypeptide sequences:
SCANCS1 (SEQ.ID. NO: 14); NDONCS3 (SEQ.ID. NO: 34); CCHNCS2 (SEQ.JD. NO:
28); SDINSCI (SEQ.ID. NO: 17}; PBRNCSS (SEQ.ID. NO: 13); and PSONCS3 (SEQ.ID.
NO: 42) and that all provided for substantial levels of norcoclaurine production.
FIG. 6B shows the results obtained using £ coli expressing B intact polypeptide
20 sequences: TFLNCS2 (SEQ.ID. NO: 87); CMANCS1 (SEQID. NO: 85); (PRRNSC3
(SEQID. NO: 83); ECANCS1 (SEQID. NO: 56); CCHNCS1 (SEQ.ID. NO: 65):
FPBRNCS4 (SEQ.ID. NO: 50); CCHNCSS5 (SEQ.ID. NO: 92); XSINCS1 [SEQ.ID. NQ: 93)
and that all provided for no visually detectable norcoclaurine production.
Truncated nucleic acid sequences [see: SEQ.ID. NO: 103 -~ SEQ.ID. NO: 110] were
25  prepared using the following intact NCS encoding nucleic acid sequences:
TFLNCSZ (SEQID. NO: 87), (gemerating TFLNCS2425 (SEQJD. NO: 109)):
CMANCS1 (SEQID. NO¢ 85), (generating TMANCS1A25 (SEQID. NO: 105));
(PBRNCS3 (SEQID. NO: 83) (generating PBRNCS3AZS {SEQID. NO: 107)):
ECANCS1 (SEQ.ID. NO: 56) (generating ECANSC1A25 [SEQID. NO: 106));
30 CCHNCS1 (SEQID. NO: 65) (generating CCHNCS1AZ5 [SEQJID. NO: 103))
PBRNC34 (SEQ.ID. NO: 50) (generating PBRNCS4425 (SEQ.ID. NO: 108))
CCHNCSS (SEQ.D. NO: 92) (generating CCHNCS5A25 {SEQ.ID. NO: 104)); and
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ASINCS1 (SEQ.ID. NO: 93} (generating XSINCSA25 (SEQ.ID. NO: 113)); An NCS
gene from Thalictrum favum (TFLNCS) was used as a control. Norceclaurine
production of the truncated sequences is shown in FiG. 6C It is noted that
truncation of two sequences (TLENCS 2 (SEQ.ID. NO: 87) and XSIN (SEG.ID. NO:
5  93) resulted in a more substantial production of norcoclaurine is abtained when
the truncated form is expressed, relative to when the intact form of these proteins
is expressed in E. coli.
le 4 - ression of N eptides in yea
(000118]  The synthetic SDINCS1 gene included a C-terminal Hisg-tag and was
10 flanked by Netl and Sacl restriction sites for direct insertion into the pESC-leu2d
yeast expression vector (Agilent). C-terminal Hise-tags were [used to other NCS
candidates by re-amplifying NCS gene candidates by PCR using reverse primers
that included sequences encoding the Hiss-tag (Table F). Amplicons were ligated
into pESC-leuzd using Notl and Bglll, Notl and Spel, Spel and Pecl, or Notl and Sacl,
15 and expression vectors were used Lo transform Seceharomyces cerevisiae strain
YPH 459 (Gietz and Schiestl, 2007). A single transformed yeast colony was used to
inoculate 2 mL of Synthetic Complete (SC) medium lacking leucine, but containing
2% (w/v) glucose, and grown overnight at 309C and 200 rpm. A flask containing
50 mL of SC medium lacking leucine, but containing 1.8% (w/v) galactose, (.2%
20 (w/v] glucose and 0.1% (w/v} raffinose, was inoculated with 1 mi of the
overnight culture and grown at 302C and 200 rpm for approximately 55 h, Yeast
cells were collected by centrifugation and suspended in 3 mL of 50 mM phosphate
buffer, pH 7.3. Cells were lysed by sonication, cell debris was remaved at 4 ¢C by
centrifugation for 30 min ar 20,000xg, and the supernatant was used for enzyme
25  assays. FIG. 7A shows the expression results using TFLNCSA19 (SEQ.ID. NO: 112);
PBRNCS5 (SEQ.ID. NO: 13); CCHNCS2 (SEQ.ID. NO: 28); NDONCS3 (SEG.ID. NO:
34): SCANCS1 (SEQ.ID. NO: 14); SDINCST (SEQID.NG: §9), PSONCS3 {SEQ.ID.NO:
42); TFLNCS2A25 (SEQ.ID. NO: 109); XSINCS1425 (SEQ.ID. NG: 113) and PSONCS2Z
(SEQ.ID. NO: 111) polypeptides.

30 Example 5 - Norcoclaurine synthase activity in recombinant yeast
expressing NCS
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15

[000119] NCS reaction mixtures containing crude recombinant protein, 1
nmol [8-14C] dopamine and 10 nmol 4-HPAA were incubated for 1.5 h at 37 °C.
The reaction mixtures were spotted onto a silica gel 60 Fzs4 TLC and developed in
n-BuOH:HOAc:H20 (4:1:5, v/v/v). The TLC plate was visualized and analyzed
using a Bio-Imaging Analyzer. FIG. 7B shows norcoclaurine production for
TFLNCSA19 (SEQ.ID. NO: 112); PBRNCS5 (SEQ.ID. NO: 13); CCHNCS2 (SEQ.ID. NO:
28); NDONCS3 (SEQ.ID. NO: 34); SCANCS1 (SEQ.ID. NO: 14); SDINCS1 (SEQ.ID.NO:
89), PSONCS3 (SEQ.ID.NO: 42); TFLNCS2A25 (SEQ.ID. NO: 109); XSINCS1A25
(SEQ.ID. NO: 113) and PSONCS2 (SEQ.D. NO: 111). Controls as are yeast
transformed with a vector not comprising an NCS gene (“empty vector”); and
yeast and E. coli expressing TFLNCS A19 (SEQ.ID. NO: 112).

[000120] While the present invention has been described with reference to
what are presently considered to be the preferred examples, it is to be understood
that the invention is not limited to the disclosed examples. To the contrary, the
invention is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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Table C
Primers Description SEQ ID NO.
PBR_rep_c6824-F (PBRNCS2) | AGTGTTTCAGAGAGTATGATGAGGA 114
PBR_rep_c6824-R (PBRNCS2) | CCCGCAATGACATCTAGCTT 115
PBRContig25754-F (PBRNCS4) | ACATCGACCGTGTAAAGCGA 116
PBRContig25754-R (PBRNCS4) | ACCTTAGAGTGGAACACGTCC 117
PBR_rep_c8842-F (PBRNCS3) | ACTTCCTGGTGTCTTCGTGAAA 118
PBR_rep_c8842-R (PBRNCS3) | ACTTGGCTTATGCTTTTAGACCTC 119
PBRContig45733-F (PBRNCSS) | AGTGAGTGAGTGTTTCAGAGAGT 120
PBRContig45733-R (PBRNCS5) | ACCTTAGAGTGGAACACGTCC 121
SCAContig30427-F (SCAI\]CS1) AGAGAGAGAAAATGAGGAAGGAACT 122
SCAContig30427-R (SCANCS1) | ACCGAACTTAGAATGGAACACCT 123
CMAContig5713-F (CMANCS2) | GTGTTTCAGAGAGAACGATGAGG 124
CMAContig5713-R (CMANCS2) | ACCTTAGAGTGGAACACCAGC 125
CMA_rep_c1557-F (CMANCS1) | CACGAGAAGCGATTGAAAGAGGTG 126
CMA_rep_c1557-R (CMANCS1) | TGGACCGGACGGTATACATGACCAT 127
SDI_rep_c489-F (SDINCS1) GAGAAAATGAGGAAGGAAGTACGATA 128
SDI_rep_c489-R (SDINCS2) CCGGTACTTAGAGTGGAACACC 129
ECAContig18893-F (ECANCS2) « AACCAAGAGAAGCGACTCAA 130
ECAContig18893-R (ECANCS2) | ACCTAAAGTAACTGAAACTATGCTG 131
ECA_rep_c12486-F (ECANCS1) | GCGAAAATACAGAGAGAAGTTTGTGA 132
ECA_rep_c12486-R (ECANCS1) | CCCCTGGAGGAAAAACAATTTGG 133
AME_rep_c2186-F (AMENCS1) | AGGGAGAGAAAATGAGGAAAGAAGT 134
AME_rep_c2186-R (AMENCS1) | CCTCAATGACATCTAACTTTTC 135
AMEcomp935-F (AMENCS2) CAACCCTGCTATCTCCAAGTATGTT 136
AMEcomp935-R (AMENCS2) AACAGGTAGCTAGGGCAGCTGTTTAT 137
TFLcomp2119-F (TFLNCS4) AATGAGGAAGGAACTAACACATGAGA 138
TFLcomp2119-R (TFLNCS4) GTGGCCTATCTCATCTTCACAGTACT 139
TFLcomp21856-F (TFLNCSS5) CAAGTTCATCACACTAACACAAGTAAG 140
TFLcomp21856-R (TFLNCS5) CTTCGAATTCTAGGCAGAAGAATCCAC 141
TFL_rep_c456-F (TFLNCS2) ACCAAAGGTCCTATTACCGAAGATGA 142
TFL_rep_c456-R (TFLNCS2) CTCTAGACTACATCTTTCAAGCCCCA 143
TFL_rep_c2110-F (TFLNCS3) GAATATATATGAAGATGGAAGCTAC 144
TFL_rep_c2110-R (TFLNCS3) CCACTTAAGTACCTACAAACCCCAA 145
BTH_c15840-F (BTHNCS1) GAATTGGTAAATGAGATGGTAGTGGC 146
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BTH_c15840-R (BTHNCS2) GTAGTATCTTGTTAACACGATTTGTC 147
MCAcomp5594-F (MCANCS1) | CAGTCCATCCCTTCTCAGTCAATTAA 148
MCAcomp5594-R (MCANCS1) | GTCAATCCCATAAGCCTAATAACCA 149
CCH_rep_c1173-F (CCHNCS1) | AGATGGAAGTGGCTACTTCAGCTGAT 150
CCH_rep_c1173-R (CCHNCST) | TCTTGATTGAATTGGATCCCCTCAAT 151
CCH_rep_c7133-F (CCHNCS2) | GAGTGTGATAGTAGAAAGAAATGAG 152
CCH_rep_c7133-R (CCHNCS2) | CATTGCCTTCAATGACATCCTAGTC 153
CCH_rep_c1524-F (CCHNCS3) | CGAGAGACTAAAAGTAAGGAAAAG 154
CCH_rep_c1524-R (CCHNCS3) | ACCTTGACACCATTATTAGTACTTCC 155
CCH_rep_c156-F (CCHNCS4) | TAGCAAGAATGAGGAAGCATCTTG 156
CCH_rep_c156-R (CCHNCS4) | AGCTAGCTAGGTGCATCCATCATAAG 157
CCH_rep_c2691-F (CCHNCS5) | AATGAGGAAGGAACTCACAAATGAGT 158
CCH_rep_c2691-R (CCHNCS5) | TCTCCCAAGCAAACAAAGCATTG 159
NDO_rep_c12880-F TCTAGTTTGCATTATCAAGGAGAGGA 160
(NDONCS1)

NDO_rep_c12880-R ACATAGCGATGATGATTATATTTCGA 161
(NDONCS1) |

NDO_rep_c17645-F CTTGAAATGGTATTTCCTCCAGGA 162
(NDONCS2)

NDO_rep_c17645-R AGTCGCATACATCCACATTTTGTTTC 163
(NDONCS2)

NDO_rep_c11505-F AATGAGGAGTGGAATTGTTTTCCTG 164
(NDONCS3)

NDO _rep_c11505-R GATTACACTACACGATGCAACTTTG 165
(NDONCS3)

NDO_rep_c14985-F GTAAATGAGATGGAAGTGGCTGCGT 166
(NDONCS4)

NDO_rep_c14985-R AGCATACATCTTGTTAATGACGCTTC 167
(NDONCS4)

CTR_c5246-1-F (CTRNCST) GCCTGCATCAGCTTAGAACAC 168
CTR_c5246-1-R (CTRNCS1) TGGCAGTCCACTTCCAATTCA 169
HCA_rep_c19-F (HCANCS1) CGATCTTGCATCTGTAAACATTTCA 170
HCA_rep_c19-R (HCANCS1) | GCGTACGTACTCAAACAAGTATTICT 171
NCA _rep_c28-F (NCANCS1) TAAATAAGATGGTTCAGTTCAGCAGA 172
NCA_rep_c28-R (NCANCS1) | GAGCAGAAGTTGTGTTCCTCAGATTG 173
NCA_rep_c877-F (NCANCS2) | TGAGAGGAAGCAAGCACAAGG 174
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NCA_rep_c877-R (NCANCS2) CGGTCTTGTACCTGGGATGAT 175
XSlcomp133-F (XSINCS1) GCAAGAAGGTTTCCTTAGTGCAA 176
XSlcomp133-R (XSINCS1) TCAGTAGCTGCTTTGAACCAT 177
PSO_rep_c3975-F (PSONCS3) | TCGAGTGTTTCAGAGAGAACGA 178
PSO_rep_c3975-R (PSONCS3) | ACCCATTTTTCAAACATCGCCA 179
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Table D

Primers Description SEQ. ID. NO.
CCHNCS1-Hindlll CCAAGCTTATGGAAGTGGCTACTTCA 180
CCHNCS1-Xhol GCTCGAGTATCGAAACACCGCCGAT 181
CCHNCS2-Hindlll CCAAGCTTATGAGGAAGGAATTAAGA 182
CCHNCS2-Xhol GCTCGAGGTCTTCGAAAACTCCA 183
CCHNCS5-Hindlll CCAAGCTTATGAGGAAGGAACTCACA 184
CCHNCS5-Xho! GCTCGAGACCCAAACAATTGAAAGG 185
CMANCS1-BamHl CGGGATCCTATGATTGAAGGAGGGTA 186
CMANCS1-Xhol GCTCGAGGAGTGGAACACCCCCAAT 187
ECANCS1-Hindlll CCAAGCTTATGATCGGAGGATTCTTA 188
ECANCS1-Xhol GCTCGAGATGACTTCTAACTTTTCGA 189
NDONCS3-Hind!ll CCAAGCTTATGAGGAGTGGAATTGTT 190
NDONCS3-Xhol GCTCGAGTATTTCGATAAACCCCTT 191
PBRNCS3-Hindill CCAAGCTTATGGATATCATAGAAGGG 192
PBRNCS83-Xho! GCTCGAGTGCTTTTAGACCTCCAAT 193
PBRNCS4-Hindlll CCAAGCTTATGATCGAAGGAGGGTAT 194
PBRNCS4-Xhol GCTCGAGGAGTGGAACACGTCCAAT 195
PBRNCS5-Hindlll CCAAGCTTATGATGAGGAAAGTAATC 196
PBRNCS5-Xhol GCTCGAGGAGTGGAACACGTCCA 197
SCANCS1-Hindlll CCAAGCTTATGAGGAAGGAACTGACA 198
SCANCS1-Xho! GCTCGAGGAATGGAACACCTCCAAT 199
SDINCS1-BamHil CGGATCCTATGAGGAAGGAAGTACG 200
SDINCS1-Xhol GCTCGAGGAGTGGAACACCTC 201
TFLNCS1-Hindlll CCAAGCTTATGAAGATGGAAGTTGTA 202
TFLNCS1-Xho! CCAAGCTTATGAGGATGGAAGTTGTT 203
XSINCS1-Hind!!! GCTCGAGCTCTGATCTCTTGTATTTCT 204
XSINCS1-Xhol CCAAGCTTATGAGGAAAGTAATCAAAT 205
FSONCS3-Hindlll CCAAGCTTATGAGGAAAGTAATCAAAT 206
PSONCS3-Xha! GCTCGAGGCTTAGCCATTTTACCA 207
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Table E
Primers ' Description,. SEQ. ID. NO.
PBRNCS3-25-Hindlll CCAAGCTTAGTTACAAGGAGAGATTTG 208
PBRNCS3-Xhol GCTCGAGTGCTTTTAGACCTCCAAT 209
ECANCS1 -25-Hind I CCAAGCTTTCATGTATTATCAAATCAAC 210
ECANCS1-Xhol GCTCGAGATGACTTCTAACTTTTCGA 211
CMANCS1-25-BamHI | CGGGATCCTAATTCATGCGTTATTGCAT 212
CMANCS1-BamHI CGGGATCCTATGATTGAAGGAGGGTA 213
CCHNCS2-25-HindIll CCAAGCTTGATATCCCAAGACTTC 214
CCHNCS2-Xhol GCTCGAGGTCTTCGAAAACTCCA 215
TFLNCS2-25-Hindlll CCAAGCTTAGGCCATTTCTTAACCG 216
TFLNCS1-Xhol CCAAGCTTATGAGGATGGAAGTTGTT 217
PBRNCS4-25-Hindlll CCAAGCTTAGCTCATGTGTTATTGAATC 218
PBRNCS4-Xhol GCTCGAGBAGTGGAACACGTCCAAT 219
CCHNCS5-25-Hindlll CCAAGCTTGATCTCCCAAAAATCATA 220
CCHNCS5-Xhol GCTCGAGACCCAAACAATTGAAAGG 221
XSINCS1-25-Hindlll CCAAGCTTGGGCGTCCTCTCCT 222
XSINCS1-Xhol CCAAGCTTATGAGGAAAGTAATCAAAT 223
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Table F

Primers Description SEQ. ID. NO.

SCANCS1-Notl TAAAGGGCGGCCGCAAAAATGAGGAAGGAACT 224
GACACACG

SCANCS1-Bglll AGACTGAGATCTTCAATGGTGATGGTGATGATG 225
GAATGGAACACCTCCAATCAATAAC

NDONCS3-Notl TCAAGTGCGGCCGCAAAAATGAGGAGTGGAAT 226
TGTTTTCC

NDONCS3-Bglll GTACCTAGATCTTCAATGGTGATGGTGATGATG 227
TATTTCGATAAACCCCTTGTG

CCHNCS2-Notl TAAAGGGCGGCCGCAAAAATGAGGAAGGAATT 228
AAGACATG

CCHNCS2-Spel CGCGATACTAGTTCAATGGTGATGGTGATGATG 229
GTCTTCGAAAACTCCAGGAA

PBRNCS5-Noti TTAAGGGCGGCCGCAAAAATGATGAGGAAAGT 230

AATCAAATACG

PBRNCS5-Bglll

GTACTCAGATCTTCAATGGTGATGGTGATGATG
GAGTGGAACACGTCCAATC

231
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CLAIMS:

1. A method of making (S)-norcoclaurine or (S)-norlaudanosoline, comprising:

(a) providing at least one (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor
wherein the (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor is a L-tyrosine
derivative;

(b) providing a norcoclaurine synthase (NCS) polypeptide produced by expressing SEQ
ID NO:109;

and

(c) contacting the (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor with the
norcoclaurine synthase (NCS) under reaction conditions permitting the catalysis of the (S)-
norcoclaurine or (S)-norlaudanosoline pathway precursor to form (S)-norcoclaurine or (S)-
norlaudanosoline; and

wherein the L-tyrosine derivative has the chemical formula (I):

Ry’
R4 Ry

Ro
HO (I)

wherein R represents hydrogen or hydroxyl; and

wherein R2 represents hydrogen; and

(D  wherein R3 represents an amino group -(NHz) and
wherein R3' represents a hydrogen atom, provided R; represents hydroxyl,
or

(I) wherein R3 and R3' taken together, form a carbonyl group.

2. The method of claim 1, wherein the contacting is in the presence of monoamine oxidase

(MAO) comprising the polypeptide sequence set forth in SEQ ID NO:96.

3. The method of claim 1 wherein the (S)-norcoclaurine pathway precursor comprises both

dopamine and 4-hydroxyphenylacetaldehyde.
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4. The method of claim 2 wherein the (S)-norlaudanosoline pathway precursor is dopamine.

5. The method of claim 1 wherein the (S)-norlaudanosoline pathway precursor comprises

both dopamine and 3,4-dihydroxyphenylacetaldehyde.

6. The method according to any one of claims 1 to 5 wherein the method occurs in vitro.

7. The method according to any one of claims 1 to 5 wherein the method occurs in vivo

wherein the norcoclaurine synthase (NCS) polypeptide is produced in a host cell grown under
conditions wherein the at least one (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor
are produced endogenously by the host cell, or wherein the at least one (S)-norcoclaurine or (S)-
norlaudanosoline pathway precursor are exogenously included in a growth medium in which the
host cell is grown, and wherein the (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor
are contacted with the norcoclaurine synthase (NCS) in the host cell to thereby permit the catalysis
of the (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor to form (S)-norcoclaurine or

(S)-norlaudanosoline in the host cell.

8. The method according to claim 7, wherein the in vivo method comprises expressing the

norcoclaurine synthase (NCS) in yeast or in E. coli.

9. A method for preparing (S)-norcoclaurine or (S)-norlaudanosoline; comprising:
(a) providing a chimeric nucleic acid sequence comprising as operably linked components:
(1) a nucleic acid sequence consisting of SEQ ID NO:109, wherein SEQ ID NO:109
encodes NCS norcoclaurine synthase (NCS); and
(i) one or more nucleic acid sequences controlling expression of the norcoclaurine
synthase (NCS) in a host cell;
(b) introducing the chimeric nucleic acid sequence into the host cell and growing the host
cell under conditions to produce the norcoclaurine synthase (NCS) and to produce one or more of
(S)-norcoclaurine and (S)-norlaudanosoline;

(c) recovering (S)-norcoclaurine, or (S)-norlaudanosoline;
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wherein NCS norcoclaurine synthase (NCS) is a polypeptide encoded by SEQ ID NO:109;

and wherein the cell comprises an L-tyrosine derivative having chemical formula (I):

Ry’
Ry )

Rz
HO (I)

wherein R, represents hydrogen or hydroxyl; and

wherein R» represents hydrogen; and

(D  wherein R3 represents an amino group -(NHz); and
wherein R3' represents a hydrogen atom, provided R; represents hydroxyl,;
or

(I) wherein R3 and R3' taken together, form a carbonyl group.

10.  The method according to claim 9, further comprising introducing a chimeric nucleic acid
sequence comprising (i) a nucleic acid sequence encoding a monoamine oxidase (MAO); and

(i1) one or more nucleic acid sequences controlling expression of the monoamine oxidase (MAO)
in the host cell, and growing the cell to produce monoamine oxidase (MAQ), wherein monoamine

oxidase (MAO) is a polypeptide comprising the sequence set forth in SEQ ID NO:96.

11.  The method according to claims 9 or 10, wherein the host cell is a yeast cell or an E. coli

cell.

12. A method for preparing an (S)-norcoclaurine or (S)-norlaudanosoline pathway precursor
selected from the group consisting of: dopamine; 4-hydroxyphenylacetaldehyde (4HPAA); and
3,4-dihydroxyphenylacetaldehyde (3,4 HPAA); and comprising:

(a) providing a chimeric nucleic acid sequence comprising (i) a nucleic acid sequence
complementary to the mRNA synthesized by SEQ ID NO:109; and (ii) one or more elements
controlling transcription of the complementary nucleic acid sequence, wherein the chimeric
nucleic acid sequence produces an antisense RNA complementary to SEQ ID NO:109;

(b) introducing the chimeric nucleic acid sequence into a host cell;
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(c) growing the host cell under conditions to produce the antisense RNA and inhibit
synthesis of an NCS polypeptide and to produce one or more of a norcoclaurine or (S)-
norlaudanosoline pathway precursors selected from the group consisting of: dopamine; and
4HPAA and 3,4 HPAA; and

(d) recovering a (S)-norcoclaurine pathway precursor or (S)-norlaudanosoline pathway
precursor selected from the group consisting of dopamine; 4-hydroxyphenylacetaldehyde; and 3,4~
dihydroxyphenylacetaldehyde.

13.  The method according to claim 12 wherein the host cell is a yeast cell or an E. coli cell.

14. A host cell comprising a heterologous chimeric nucleic acid sequence comprising a
promoter controlling expression in the host cell linked to a nucleic acid sequence consisting of
SEQ ID NO:109 encoding norcoclaurine synthase (NCS).

15.  The host cell according to claim 14, wherein the host cell produces
(i) dopamine, 4-hydroxy-phenylacetaldehyde (4-HPAA) and (S)-norcoclaurine, wherein
the (S)-norcoclaurine is formed in the host cell from dopamine and 4-hydroxy-
phenylacetaldehyde (4-HPAA) in a reaction catalyzed by the norcoclaurine synthase
(NCS); or
(i1) dopamine and 3,4-dihydroxy-phenylacetaldehyde (3,4-DHPAA), and wherein (S)-
norlaudanosoline is formed in the host cell from dopamine and 3,4-dihydroxy-
phenylacetaldehyde (3,4-DHPAA) in a reaction catalyzed by the norcoclaurine
synthase (NCS),
and wherein the host cell is unable to produce (S)-norcoclaurine or (S)-norlaudanosoline, in the

absence of the chimeric nucleic acid sequence.

16.  The host cell according to claim 14 wherein the nucleic acid sequence encoding NCS
further comprises a nucleic acid sequence selected from the group consisting of a nucleic acid
sequence encoding tyrosine hydroxylase (TYR), a nucleic acid sequence encoding tyrosine
decarboxylase (TYDC) and a nucleic acid sequence encoding dihydroxyphenylalanine
decarboxylase (DODC).
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17.  The host cell according to claim 14, wherein the host cell is a microbial cell or a plant cell.

18.  The host cell according to claim 17, wherein the microbial cell is a bacterial cell or a yeast

cell.

19. A recombinant expression vector comprising in the 5' to 3' direction of transcription as
operably linked components:
(1) a nucleic acid sequence controlling expression in a host cell; and

(11) anucleic acid sequence consisting of SEQ ID NO:109 encoding norcoclaurine synthase

(NCS).

20.  The recombinant expression vector according to claim 19 wherein the vector further
comprises a nucleic acid sequence selected from the group consisting of a nucleic acid sequence
encoding tyrosine hydroxylase (TYR), a nucleic acid sequence encoding tyrosine decarboxylase

(TYDC) and anucleic acid sequence encoding dihydroxyphenylalanine decarboxylase (DODC).
21.  The host cell according to claim 15 wherein the nucleic acid sequence encoding NCS
further comprises a nucleic acid sequence selected from the group consisting of a nucleic acid
sequence encoding tyrosine hydroxylase (TYR), a nucleic acid sequence encoding tyrosine
decarboxylase (TYDC) and a nucleic acid sequence encoding dihydroxyphenylalanine
decarboxylase (DODC).

22.  The host cell according to claim 15, wherein the host cell is a microbial cell or a plant cell.

23.  Thehost cell according to claim 16, wherein the host cell is a microbial cell or a plant cell.
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