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METHODS AND MATERIALS FOR BIOSYNTHESIS OF MOGROSIDE COMPOUNDS

BACKGROUND OF THE INVENTION
Field of invention

[0001] The present invention relates to methods and materials for biosynthesis of mogrol
precursors, mogrol, and/or mogrosides. More particularly, the present invention relates to
methods of using of cucurbitadienol synthase, cytochrome P450, cytochrome P450 reductase,
and/or epoxide hydrolase enzymes to produce mogrol precursors and/or mogrol. The present
invention also relates to methods of using of uridine-5'-diphospho (UDP) dependent

glucosyltransferase (UGT) enzymes to glycosylate mogrol and produce various mogrosides.

Description of Related Art

[0002] Mogrosides are a family of triterpene glycosides isolated from fruit of Siraitia
grosvenorii (S. grosvenorii, Swingle), also known as Momordica grosvenori. Fruit extracts are
commercially used as natural sweeteners. Four major compounds, mogroside V, mogroside 1V,
siamenoside |, and 11-oxomogroside V (see Figure 1) have been identified from S. grosvenorii
as being responsible for the fruit's sweetness. Mogroside V is the most abundant of these four
compounds, at approximately 0.57% (w/w) of the dry fruit, followed by mogroside IV and
siamenoside |, each of which contains four glucose moieties. 11-oxomogroside V has a ketone
group instead of a hydroxyl at C11. See, e.g., Takemoto et al., 1983, Yakugaku Zasshi 103:
1151-4; 1155-66; 1167-73; Kasai et al., 1988, Agric. Biol. Chem. 53:3347-9; Matsumoto Chem.
Pharm. Bull., 1990, 38:2030-2; and Prakash ef al., 2011, J. Carbohydrate Chem. 30:16-26.

[0003] All mogrosides share the same mogrol triterpene core. The aglycone mogrol is
glycosylated with different numbers of glucose moieties to form various mogroside compounds.
Mogrosides can be synthesized in the following manner: synthesis of cucurbitadienol from the
common triterpene precursor oxidosqualene, oxidation of cucurbitadienol to produce mogrol,
and glycosylation of mogrol to produce various mogrosides. See, Tang et al.,, BMC Genomics
12: 343 (2011). Tang et al., 2011, BMC Genomics 12:343 describes seven cytochrome P450s
and five UGTs as potential candidates involved in mogroside biosynthesis. However, Tang et al.
does not specifically identify any cytochrome P450s or UGTs involved in mogroside
biosynthesis. Thus, there remains the need to identify cytochrome P450s and UGTs capable of
acting on any S. grosvenorii metabolites. Additionally, although mogrosides can be extracted
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from S. grosvenorii, there remains a need for improved production of mogrosides in

recombinant hosts for commercial uses.

SUMMARY OF THE INVENTION

[00G04] it is against the above background that the present invention provides certain

advantages and advancements over the prior art.

[0005] The present invention provides methods and materials for biosynthesis of mogroside

compounds and provides enzymes involved in mogroside biosynthesis.

[0006] Although the invention disclosed herein is not limited to specific advantages or

functionalities, the invention provides a recombinant host comprising one or more of:
(a) a gene encoding a squalene epoxidase polypeptide;
(b) a gene encoding a cucurbitadienol synthase polypeptide;
{c) a gene encoding a cytochrome P450 polypeptide;
(d) a gene encoding a cytochrome P450 reductase polypeptide;
(e) a gene encoding an epoxide hydrolase polypeptide;

H a gene encoding a UGT1576 polypeptide having 60% or greater identity to an
amino acid sequence set forth in SEQ ID NO:48;

(9) a gene encoding a UGT430 polypeptide having 45% or greater identity to an
amino acid sequence set forth in SEQ ID NO:62;

(m a gene encoding a UGT1697 polypeptide having 45% or greater identity to an
amino acid sequence set forth in SEQ ID NO:68,;

0] a gene encoding a UGT11789 polypeptide having 50% or greater identity to an
amino acid sequence set forth in SEQ ID NO:72;

)] a gene encoding a UGTY98 polypeptide having 70% or greater identity to an
amino acid sequence set forth in SEQ ID NO:53;

(k) a gene encoding a UGTSK98 polypeptide having 70% or greater identity to an
amino acid sequence set forth in SEQ 1D NO:50;

wherein at least one of the genes is a recombinant gene;
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wherein the host is capable of producing a mogrol precursor, a mogroside precursor,

and/or a mogroside compound.
[0007] In some aspects of the recombinant host disclosed herein:

(a) the squalene epoxidase polypeptide comprises a polypeptide having 45% or
greater identity to an amino acid sequence set forth in SEQ ID NO:54,

(b) the cucurbitadienol synthase polypeptide comprises a polypeptide having 70% or
greater identity to an amino acid sequence set forth in SEQ ID NO:43;

(c) the cytochrome P450 polypeptide comprises a CYP5481 polypeptide having 50%
or greater identity to an amino acid sequence set forth in SEQ ID NO:44 and/or a CYP1798
polypeptide having 70% or greater identity to an amino acid sequence set forth in SEQ D
NO:74;

(d) the cytochrome P450 reductase polypeptide comprises a CPR4497 polypeptide
having 50% or greater identity to an aming acid sequence set forth in SEQ 1D NO:46; and/or

(e) the epoxide hydrolase polypeptide comprises an epoxide hydrolase 1
polypeptide having 756% or greater identity to an amino acid sequence set forth in SEQ ID
NO:38 or an epoxide hydrolase 2 polypeptide having 65% or greater identity to an amino acid
sequence set forth in SEQ ID NO:40.

[0008] The invention further provides a recombinant host comprising one or more of:

(a) one or more genes encoding one or more enzymes capable of catalyzing

conversion of dioxidosqualene to produce 24,25 epoxy cucurbitadienol;

(b} one or more genes encoding one or more enzymes capable of catalyzing

conversion of oxidosqualene to produce cucurbitadienol;

(c) one or more genes encoding one or more enzymes capable of catalyzing
hydroxylation of 24,25 epoxy cucurbitadienol to produce 11-hydroxy-24,25 epoxy

cucurbitadienol:

(d) one or more genes encoding one or more enzymes capable of catalyzing

hydroxylation of cucurbitadienol to produce 11-hydroxy-cucurbitadienol;

(e) one or more genes encoding one or more enzymes capable of catalyzing

epoxidation of cucurbitadienol to produce 24,25 epoxy cucurbitadienol; or
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(" one or more genes encoding one or more enzymes capable of catalyzing

epoxidation of 11-hydroxy-cucurbitadienol to produce 11-hydroxy-24,25 epoxy cucurbitadienol;

(9) one or more genes encoding one or more enzymes capable of catalyzing

conversion of 11-hydroxy-24,25 epoxy cucurbitadienol to produce mogrol; or

(h) one or more genes encoding one or more enzymes capable of catalyzing

glycosylation of a mogroside precursor to produce a mogroside compound,
wherein at least one of the genes is a recombinant gene.

[06009] In one aspect of the recombinant hosts disclosed herein, the recombinant host
further comprises a gene encoding squalene epoxidase polypeptide having 45% or greater

identity to an amino acid sequence set forth in SEQ ID NO:54.

[0010] In one aspect of the recombinant hosts disclosed herein, the recombinant host has

been modified to reduce expression of a lanosterol synthase (ERG7) polypeptide.

[0011] In one aspect of the recombinant hosts disclosed herein, the ERG7 polypeptide
comprises a polypeptide having an amino acid sequence set forth in SEQ ID NO:55.

[0012] The invention further provides a method of producing a mogroside precursor and/or a
mogroside compound, comprising:
(a) growing the recombinant host disclosed herein in a culture medium, under

conditions in which the genes disclosed herein are expressed;

wherein the mogroside precursor and/or the mogroside compound is synthesized by the

recombinant host; and
{(b) optionally isolating the mogroside precursor and/or the mogroside compound.

[0013] in some aspects of the methods disclosed herein, the mogroside precursor is
mogrol synthesized by epoxidation of 11-hydroxy-cucurbitadienol to synthesize 11-hydroxy-
24,25 epoxy cucurbitadienol and hydrolysis of 11-hydroxy-24,25 epoxy cucurbitadienol to

synthesize mogrol.

[0014] In some aspects of the methods disclosed herein, the epoxidation of 11-hydroxy-
cucurbitadienol to synthesize 11-hydroxy-24,25 epoxy cucurbitadienol is catalyzed by the
CYP1798 polypeptide having 70% or greater identity to an amino acid sequence set forth in
SEQ ID NO:74.
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[0015] The invention further provides a method of producing a mogrol precursor in vitro,
comprising:
(a) contacting dioxidosqualene with one or more enzymes capable of catalyzing

conversion of dioxidosqualene to produce 24,25 epoxy cucurbitadienol; or

{(b) contacting oxidosqualene with one or more enzymes capable of catalyzing

conversion of oxidosqualene to produce cucurbitadienol; or

(c) contacting 24,25 epoxy cucurbitadienol with one or more enzymes capable of
catalyzing hydroxylation of 24,25 epoxy cucurbitadienol to produce 11-hydroxy-24,25 epoxy

cucurbitadienol; or

(d) contacting cucurbitadienol with one or more enzymes capable of catalyzing

hydroxylation of cucurbitadienol to produce 11-hydroxy-cucurbitadienol; or

(e) contacting cucurbitadienol with one or more enzymes capable of catalyzing

epoxidation of cucurbitadienol to produce 24,25 epoxy cucurbitadienol; or

f contacting 11-hydroxy-cucurbitadienol with one or more enzymes capable of
catalyzing epoxidation of 11-hydroxy-cucurbitadienol to produce 11-hydroxy-24,25 epoxy

cucurbitadienol.

[0016] The invention further provides a method of producing a mogrol in vitro, comprising
contacting 11-hydroxy-24,25 epoxy cucurbitadienol with one or more enzymes capable of

catalyzing conversion of 11-hydroxy-24,25 epoxy cucurbitadienol to produce mogrol.

[0017] The invention further provides a method of producing a mogroside compound in
vitro, comprising contacting a mogroside precursor with one or more enzymes capable of

catalyzing glycosylation of the mogroside precursor to produce a mogroside compound.

[0018] In one aspect of the methods disclosed herein, the method further comprises

isolating the mogrol precursor, mogrol or the mogroside compound.
[0019] In some aspects of the recombinant hosts and methods disclosed herein:

(a) the one or more enzymes capable of catalyzing conversion of dioxidosqualene to
produce 24,25 epoxy cucurbitadienol comprise a cucurbitadienol synthase having 70% or

greater identity to an amino acid sequence set forth in SEQ ID NO:43;
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(b) the one or more enzymes capable of catalyzing conversion of oxidosqualene to
produce cucurbitadienol comprise a cucurbitadienol synthase having 70% or greater identity to

an amino acid sequence set forth in SEQ 1D NO:43;

(c) the one or more enzymes capable of catalyzing conversion of 24,25 epoxy
cucurbitadienol to produce 11-hydroxy-24,25 epoxy cucurbitadienol comprise CYP5491 having
50% or greater identity to an amino acid sequence set forth in SEQ ID NO:44;

(d) the one or more enzymes capable of catalyzing conversion of cucurbitadienol to
produce 11-hydroxy-cucurbitadienol comprise CYP5491 having 50% or greater identity to an
amino acid sequence set forth in SEQ 1D NO:44;

(e) the one or more enzymes capable of catalyzing epoxidation of cucurbitadienol to
produce 24,25 epoxy cucurbitadienol comprise CYP1798 having 70% or greater identity to an
amino acid sequence set forth in SEQ ID NO:74;

(f) the one or more enzymes capable of catalyzing epoxidation of 11-hydroxy-
cucurbitadienol to produce 11-hydroxy-24,25 epoxy cucurbitadienol comprise CYP1798 having
70% or greater identity to an amino acid sequence set forth in SEQ ID NO:74;

(g) the one or more enzymes capable of catalyzing conversion of 11-hydroxy-24,25
epoxy cucurbitadienol to produce mogrol comprise a polypeptide comprising epoxide hydrolase
1 having 75% or greater identity to an amino acid sequence set forth in SEQ ID NO:38 or
epoxide hydrolase 2 having 65% or greater identity to an amino acid sequence set forth in SEQ
1D NO:40; and/or

(h) the one or more enzymes capable of catalyzing conversion of the mogroside
precursor to a mogroside compound comprise UGT1576 having 60% or greater identity to an
amino acid sequence set forth in SEQ ID NO:48; UGT98 having 70% or greater identity to an
amino acid sequence set forth in SEQ ID NO:53; UGTSK98 having 70% or greater identity to an
amino acid sequence set forth in SEQ ID NO:50; UGT430 having 45% or greater identity to an
amino acid sequence set forth in SEQ ID NO:62; UGT1697 having 45% or greater identity to an
amino acid sequence set forth in SEQ 1D NO:68; or UGT11788 having 50% or greater identity to
an amino acid sequence set forth in SEQ ID NO:72.

[0020] The invention further provides a method of producing a mogroside compound,

comprising contacting a recombinant host expressing one or more of:
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(a) a UGT1576 polypeptide having 60% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:48;

(b) a UGT430 polypeptide having 45% or greater identity to an amino acid sequence
set forth in SEQ ID NO62;

(c) a UGT1697 polypeptide having 45% or greater identity to an amino acid
sequence set forth in SEQ ID NO:68,;

(d) a UGT11789 polypeptide having 50% or greater identity to an amino acid
sequence set forth in SEQ ID NO:72;

(e) a UGT98 polypeptide having 70% or greater identity to an amino acid sequence
set forth in SEQ 1D NO:53; or

(f) a UGTSKY8 polypeptide having 70% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:50

with a mogroside precursor.

[0021] in one aspect of the methods disclosed herein, the mogroside precursor is plant-

derived or synthetic.

[0022] In one aspect of the methods disclosed herein, the method further comprises

isolating the mogroside compound.

[0023] In some aspects of the recombinant hosts and methods disclosed herein, the

mogroside compound is:

(a) mogrol glycosylated at C3 position; or

() mogrol glycosylated at C24 position; or

(c) mogrol glycosylated at C3 position and C24 position.
[0024] In some aspects of the recombinant hosts and methods disclosed herein, the
mogroside compound is one or more of mogroside | A1, mogroside | E1, mogroside Il A,

mogroside 1| A1, mogroside Il A2, mogroside |l E, mogroside 11l A1, mogroside Ili A2, mogroside

ill, mogroside lil E, mogroside IV, mogroside IV A, mogroside V or siamenoside.

[0025] In some aspects of the recombinant hosts and methods disclosed herein, the
mogrol precursor is one or more of squalene, dioxidosqualene, oxidosqualene, 24,25 epoxy
cucurbitadienol, cucurbitadienol, 11-hydroxy-cucurbitadienol, 11-hydroxy 24, 25 epoxy

cucurbitadienol or 11-oxo-mogrol.



WO 2016/050890 PCT/EP2015/072645

[0026] In some aspects of the recombinant hosts and methods disclosed herein, the
mogroside precursor is one or more of mogrol, glycosylated mogrol, di-glycosylated mogrol or

tri-glycosylated mogrol.

[0027] In some aspects of the recombinant hosts and methods disclosed herein, the
recombinant host comprises a microorganism that is a yeast cell, a plant cell, a mammalian cell,

an insect cell, a fungal cell, or a bacterial cell.

[0028] In some aspects of the recombinant hosts and methods disclosed herein, the
bacterial cell comprises Escherichia bacteria cells, Lactobacillus bacteria cells, Lactococcus
bacteria cells, Cornebacterium bacteria cells, Acefobacter bacteria cells, Acinetobacter bacteria

cells, or Pseudomonas bacterial cells.

[0029] In some aspects of the recombinant hosts and methods disclosed herein, the yeast
cell is a cell from Saccharomyces cerevisiae, Schizosaccharomyces pombe, Yarrowia lipolytica,
Candida glabrata, Ashbya gossypii, Cyberlindnera jadinii, Pichia pastoris, Kluyveromyces lactis,
Hansenula polymorpha, Candida boidinii, Arxula adeninivorans, Xanthophyllomyces

dendrorhous, or Candida albicans species.

{0030] In some aspects of the recombinant hosts and methods disclosed herein, the yeast

cell is a Saccharomycete.

[0031] In some aspects of the recombinant hosts and methods disclosed herein, the yeast

cell is a cell from the Saccharomyces cerevisiae species.

{6032] In some aspects of the recombinant hosts disclosed herein, one or more of the

genes further comprise a nucleotide sequence coding a fusion tag.

[0033] In one aspect of the recombinant hosts disclosed herein, the fusion tag is a protein
or polypeptide.
[0034] In one aspect of the recombinant hosts disclosed herein, the fusion tag is green

fluorescent protein (GFP), human influenza hemagglutinin (HA), glutathione S transferase
(GST), a polyhistidine-tag (HIS tag), and a FLAG-tag, a chloroplast transit peptide, a
mitochondrial transit peptide, an amyloplast peptide, a signal peptide, or a secretion tag.

[0035] In one aspect of the recombinant hosts disclosed herein, one or more of the genes

are expressed as fusion proteins.

[0036] The invention further provides a mogroside composition produced by the

recombinant host or the methods disclosed herein, wherein the composition comprises one or
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more of mogroside | A1, mogroside | E1, mogroside Il A, mogroside Il E, mogroside Il A1,

mogroside il A2, mogroside ll, mogroside lll E, mogroside 1V, mogroside V, and siamenoside.

[0037] The invention further provides a food or drink product comprising the mogroside

composition disclosed herein.

[0038] These and other features and advantages of the present invention will be more fully
understood from the following detailed description of the invention taken together with the
accompanying claims. It is noted that the scope of the claims is defined by the recitations
therein and not by the specific discussion of features and advantages set forth in the present

description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The following detailed description of the embodiments of the present invention can
be best understood when read in conjunction with the following drawings, where like structure is

indicated with like reference numerals and in which:

[0040] Figure 1 shows chemical structures of mogroside V, mogroside IV, siamenoside |,

and 11-oxomogroside V.

[0041] Figure 2A is a schemalic diagram of a pathway for producing mogrosides from
glucose,
[0042] Figure 2B shows a pathway for production of mogrol precursors, mogrol, and

mogrosides. Figure 2B shows production of cucurbitadienol from oxidosqualene using a
cucurbitadienol synthase (step A), production of 24,25 epoxy cucurbitadienol from
dioxidosqualene using a cucurbitadienol synthase (step B), production of 11-hydroxy-
cucurbitadienc!l from cucurbitadienol using a cytochrome P450 (step C), production of 11-
hydroxy 24,25 epoxy cucurbitadienol from 24,25 epoxy cucurbitadienol using a cytochrome
P450 (step D), production of 24,25 epoxy cucurbitadienol from cucurbitadienol using a
cytochrome P450 (step E), production of 11-hydroxy 24,25 epoxy cucurbitadienol from 11-
hydroxy-cucurbitadienol using a cytochrome P450 (step F), production of mogrol from 11-
hydroxy 24,25 epoxy cucurbitadienol from using an epoxide hydrolase (step G), production of
mogrol from 11-hydroxy-cucurbitadienol using a cytochrome P450 and an epoxide hydrolase
(steps F and G}, and production of one or more mogroside compounds using one or more UGTs

(step H).
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[0043] Figure 2C shows representative enzymes capable of catalyzing the reactions of
steps A-H in Figure 2B. Figure 2C shows production of cucurbitadienol from oxidosgualene
using an S. grosvenorii cucurbitadienol synthase of SEQ ID NO:43 (step A), production of 24,25
epoxy cucurbitadienol from dioxidosqualene using an S. grosvenorii cucurbitadienol synthase of
SEQ ID NO:43 (step B), production of 11-hydroxy-cucurbitadienol from cucurbitadienol using
CYP5491 of SEQ ID NO:44 (step C), production 11-hydroxy 24,25 epoxy cucurbitadienol from
24,25 epoxy cucurbitadienol using CYP5491 of SEQ ID NO:44 (step D), production of 24,25
epoxy cucurbitadienol from cucurbitadienol using CYP1798 of SEQ ID NO:74 (step E),
production of 11-hydroxy 24,25 epoxy cucurbitadienol from 11-hydroxy-cucurbitadienol using
CYP1798 of SEQ ID NO:74 (step F), production of mogrol from 11-hydroxy 24,25 epoxy
cucurbitadienol from using epoxide hydrolase 1 of SEQ ID NO:38 or epoxide hydrolase 2 of
SEQ ID NO:40 (step G), production of mogrol from 11-hydroxy-cucurbitadienol using CYP1798
of SEQ ID NO:74 and epoxide hydrolase 1 of SEQ ID NO:38 or epoxide hydrolase 2 of SEQ ID
NO:40 (steps F and G), and production of mogroside compounds using UGT1576 of SEQ ID
NO:48, UGT430 of SEQ ID NO:62, UGT1697 of SEQ ID NO:68, UGT98 of SEQ ID NO:53,
and/or UGT11789 of SEQ ID NO:72 (step H).

[0044] Figure 3A shows a representative pathway for production of mogrol from
cucurbitadienol, as disclosed herein. Figure 3B is a schematic diagram of a pathway for
production of mogrol from cucurbitadienol, as proposed in Tang et al,, 2011, BMC Genomics
12:343,

[0045] Figure 4 is schematic diagram of pathways for the biosynthesis of mogroside | E1,
mogroside | A1, mogroside Il E, mogroside Il A2, mogroside 1, mogroside IV, and mogroside V
from mogrol using UGTs. UGTa of Figure 4 can be, for example, UGT1576 (SEQ ID NO:48) or
UGT1697 (SEQ ID NO:68). UGTDb of Figure 4 can be, for example, UGT430 (SEQ ID NO:62) or
UGT1697 (SEQ ID NO:68). UGTc of Figure 4 can be, for example, UGT430 (SEQ ID NO:62) or
UGT1697 (SEQ ID NO:68). UGTd of Figure 4 can be, for example, UGT1576 (SEQ ID NO:48)
or UGT1697 (SEQ ID NO:68). UGTe of Figure 4 can be, for example, UGT98 (SEQ ID NO:53)
or UGT11789 (SEQ ID NO:72). UGTTf of Figure 4 can be, for example, UGT98 (SEQ ID NO:53)
or UGT11789 (SEQ ID NO:72). UGTg of Figure 4 can be, for example, UGT98 (SEQ ID NO:53)
or UGT11789 (SEQ ID NO:72).

[0046] Figure 5 is a schematic diagram showing enzymatic production of mogroside IV A,
mogroside i, mogroside | E1, mogroside | A1, mogroside Il E, mogroside Il A1, and mogro!

from mogroside V.
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[0047] Figure 6 shows the LC-MS mass peak 501 corresponding to the proton plus Na+
adduct of tetrahydroxysqualene in a sample from a yeast strain transformed with a plasmid
expressing S. grosvenorii epoxide hydrolase 2 (SEQ 1D NO:39, SEQ ID NO:40), as described in
Example 8.

[0048] Figure 7A show an LC-MS chromatogram indicating lanosterol production in a yeast
strain that does not express a cucurbitadienol synthase. Figure 7B shows an LC-MS
chromatogram indicating cucurbitadienol and lanosterol production in a yeast strain expressing
cucurbitadienol synthase (SEQ ID NO:42, SEQ ID NO:43), as described in Example 9.

[0048] Figure 8 shows an LC-MS chromatogram with three peaks resulting upon
expression of CYP5491 (SEQ ID NO:14, SEQ ID NO:44) and CPR4497 (SEQ ID NQO:45, SEQ
ID NO:46) in yeast (upper panel), as described in Example 10; the three lower panels show the
fragmentation spectrum of these three peaks. The masses of the 3 peaks (443.38, 441.37 and
457.36) correspond in weight to proton adducts of hydroxylated cucurbitadienol, oxo

cucurbitadienol, and hydroxy plus oxo cucurbitadienol, respectively.

[0050] Figures 9A and 9B show biosynthetic routes from cucurbitadienol to mogrol and 11-
oxo-mogrol with S. grosvenorii CYP5491 (SEQ ID NO:14, SEQ ID NQO:44), S. grosvenorii
CYP1798 (SEQ ID NO:5, SEQ ID NO:73, SEQ ID NO:74), and S. grosvenorii epoxide hydrolase
2 (SEQ ID NO:39, SEQ ID NO:40). Figure 9C shows a potential biosynthetic route from
oxidosqualene to mogrol and 11-oxo-mogrol with S. cerevisiae squalene epoxidase ERG1 (SEQ
ID NO:54), S. grosvenorii CYP1798 (SEQ ID NO:5, SEQ ID NO:73, SEQ ID NO:74), S.
grosvenorii cucurbitadienol synthase (SEQ ID NO:42, SEQ ID NO:43), S. grosvenorii CYP5491
(SEQ ID NO:14, SEQ ID NO:44), and S. grosvenorii epoxide hydrolase 2 (SEQ ID NO:39, SEQ
ID NO:40). See Examples 9 and 15.

[0051] Figure 10A shows an LC-MS chromatogram of reference mogroside | A1. Figure
10B shows an LC-MS chromatogram of a sample of yeast strain expressing UGT1576 (SEQ ID
NO:47, SEQ ID NO:48) in a culture fed 50 uM mogrol, as described in Example 11.

[0052] Figure 11A shows LC-MS chromatograms of samples from a yeast strain co-
expressing UGT SK98 with UGT1576 and shows production of di-glycosylated mogrol
(mogroside [l A) as described in Example 11. Figure 11B shows LC-MS chromatograms of
samples from a yeast strain co-expressing UGT98 with UGT1576 and shows production of di-

and tri-glycosylated mogrol (middle and lower frames), as described in Example 11.

11
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[0053] Figure 12 shows a biosynthetic route from mogrol to mogroside Il A1 provided

herein, as described in Example 11.

[0054] Figure 13A shows elution of a mogroside | E1 standard. Figure 13B shows
mogroside | E1 produced by UGT430 (SEQ ID NO:61, SEQ ID NO:62), as described in Example
12.

[0055] Figure 14A shows elution of mogroside il E1, mogroside I A, mogroside | E1, and
mogroside | A1 standards. Figure 14B shows mogroside | A1, mogroside II A, and mogroside i
E1 produced by UGT1697 (SEQ ID NO:67, SEQ ID NO:68), as described in Example 13.

[0056] Figure 15A shows elution of reference compounds mogroside V (top panel) and
mogroside Il E (bottom panel). Figure 15B shows production of mogroside V (top panel) and
mogroside Il E (bottom panel) in a yeast cell co-expressing UGT1576, UGT430, and UGT98.
Figure 15C shows production of mogroside V (top panel) and mogroside [l E (bottom panel) in a
yeast cell co-expressing UGT1576, UGT430, UGTO8, and UGT11789, as described in Example
14. Figure 15D shows production of a tri-glycosylated mogroside in a yeast cell co-expressing
UGT1576, UGT430, and UGT11789, as described in Example 14.

[0057] Figure 16A shows elution of a mogrol standard. Figure 16B shows mogrol
produced in a cucurbitadienol-producing host expressing CYP5491 (SEQ ID NO:14, SEQ ID
NO:44), CPR4497 (SEQ ID NO:45, SEQ ID NO:46), CYP1798 (SEQ ID NO:5, SEQ ID NO:73,
SEQ ID NO:74), and an epoxide hydrolase, as described in Example 15.

[0058] Figure 17 shows a representative LC-MS chromatogram of a crude isolate of a

mogroside V-producing S. cerevisiae strain, as described in Example 16.

[0059] Figures 18A, 18B, and 18C show an NMR-elucidated structure, 'H NMR spectrum,
and 'H and *C NMR chemical shifts (in ppm) for mogroside V, mogroside Il A2, and mogroside
IV A, respectively, as described in Example 16. Figure 18D shows an NMR-elucidated
structure, '"H NMR spectrum, and 'H NMR chemical shifts (in ppm) for mogroside | E1, as

described in Example 16.

DETAILED DESCRIPTION OF THE INVENTION

[0060] Before describing the present invention in detail, a number of terms will be defined.
As used herein, the singular forms “a,” “an,” and “the” include plural referents unless the context

clearly dictates otherwise. For example, reference to a “nucleic acid” means one or more

12
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nucleic acids.

[0061] It is noted that terms like “preferably,” “commonly,” and “typically” are not utilized
herein to limit the scope of the claimed invention or to imply that certain features are critical,
essential, or even important to the structure or function of the claimed invention. Rather, these
terms are merely intended to highlight alternative or additional features that can or cannot be

utilized in a particular embodiment of the present invention.

[0062] For the purposes of describing and defining the present invention it is noted that the
term “substantially” is utilized herein to represent the inherent degree of uncertainty that can be
attributed to any quantitative comparison, value, measurement, or other representation. The
term “substantially” is also utilized herein to represent the degree by which a quantitative
representation can vary from a stated reference without resulting in a change in the basic
function of the subject matter at issue.

L

[0063] As used herein, the terms “polynucleotide,” “nucleotide,” “oligonucleotide,” and
“nucleic acid” can be used interchangeably to refer to nucleic acid comprising DNA, RNA,

derivatives thereof, or combinations thereof.

[0064] As used herein, the term “and/or” is utilized to describe multiple components in
combination or exclusive of one another. For example, “x, y, and/or 2" can refer to “x" alone, "y"
alone, “2" alone, “x, y, and z,” “(x and y) or z,” “x and (y or z),”" or x or y or 2. In some
embodiments, “and/or” is used to refer to the exogenous nucleic acids that a recombinant cell
comprises, wherein a recombinant cell comprises one or more exogenous nucleic acids
selected from a group. In some embodiments, “and/or” is used to refer to production of
mogrosides, wherein one or more mogrosides is produced. In some embodiments, “and/or” is
used to refer to production of mogrosides, wherein one or more mogrosides is produced through
one or more of the following steps: culturing a recombinant microorganism, synthesizing one or

more mogrosides in a recombinant microorganism, and isolating one or more mogrosides.
Mogrosides and Mogroside Production

[0065] As used herein, the terms “mogroside” and “mogroside compound” can be used
interchangeably to describe mogrol glycosylated at one or more positions. In particular, a
mogroside compound can be mogrol glycosylated with one or more glucose moieties at the
positions 1, 3, 11, 24, and 25. Mogrol is a compound of formula | provided below, wherein both

R; and R; are —H.

[0066] Mogrosides can be of the following formula I:
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R,0
(1
[0067] wherein Ry and R; independently are -H, mono-glucoside, di-glucoside, tri-

glucoside, and wherein at least one of R, and R; is not —H. In particular, the mogroside can be
one of the mogrosides described in Table 1. In Table 1, “Gic” represents glucose, and the 1,6-
and 1,2-bonds are indicated. For example, the R; group of mogroside V comprises 3 glucose
molecules linked by one 1,6-bond and one 1,2-bond, a conformation represented as "Glc6-
Glc2-Glc-". See Figure 1 for the structures of mogroside IV, mogroside V, 11-oxo-mogroside V,
and siamenoside.

{0068] Table 1. Mogrosides of formula 1. (Glc=glucase)

Name 'Ry "R,

mogroside V GlcB-Gle- Gle6-Gic2-Gle
siamenoside | Glc- Glc6-Gic2-Glc-
mogroside IV Glc6-Gle- | Glc2-Gle-
mogroside IV A Glc6-Gle- Glct-Gle-
mogroside 1l Glc- Gleb-Gle-
mogroside il A1 H Glc6-Gle2-Gle-
mogroside 1l A2 (mogroside lila) GlcB-Gle-  Gle-
‘mogroside Ill E Gle- Glc2-Gle-
mogroside Il A H Glc2-Gle-
mogroside Il A1 H Glc6-Gle-
mogroside || A2 GlcB-Gle- H
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Name R; R2
| mogroside I E Glec- Gle-

"mogroside | A1 (mogroside Ib) H Glc-

“mogroside | E1 (mogroside la) Glc- H

[0069] Mogrosides can be produced from a number of mogroside precursors. In some

embodiments, a mogroside precursor is mogrol, glycosylated mogrol, di-glycosylated mogrol or
tri-glycosylated mogrol.  Mogrol precursors, in turn, include squalene, dioxidosqualene,
oxidosqualene, 24,25 epoxy cucurbitadienol, cucurbitadienol, 11-hydroxy-cucurbitadiencl, 11-
hydroxy 24, 25 epoxy cucurbitadienol, 11-oxo-mogrol. See, e.g., Figures 2 and 9. For example,
mogroside | A1 is a precursor to the products, mogroside li A and mogroside 1l A1. See, Figure
12. In another example, mogroside Il E is converted to mogroside V by three enzymatic
glycosylations. In one possible route, two glucose moieties are first attached through 1,6-bonds
to the two glucose molecules of mogroside Il E by a UGT not limited to UGT98 (SEQ ID NO:53)
or UGT11789 (SEQ ID NO:72). A third glucose moiety is added to the C24-bound glucose
moiety with a 1,2 bond by a UGT not limited to UGTS8 (SEQ ID NO:53) or UGT11788 (SEQ ID
NO:72). See, Figure 4.

[0070] A pathway from cucurbitadienol to mogrol was proposed by Tang et al., 2011, BMC
Genomics 12:343. The precursors, cucurbitadienol and mogrol, have been isolated from S.
grosvenorii. See Ukiya, et al., 2002, J. Agric. Food Chem. 50: 6710-5. Glycoside intermediates
exist in both 11-hydroxy and 11-oxo series and gradually change from mogroside | to mogroside
V as fruits ripen, indicating that P450 enzymes fully oxidize the triterpene core of a mogrol
precursor, such as cucurbitadienol, prior to subsequent glycosylations. According to the
scheme proposed by Tang et al., three independent cytochrome P450 enzyme-catalyzed
oxidations result in mogrol formation from cucurbitadienol (Figure 3B). The proposed primary
reaction, however, is unlikely, as saturation of the 24-25 double bond would be required prior to
two hydroxylation reactions by cytochrome P450 enzymes. As shown in Figure 3A, epoxidation
of cucurbitadienol by one cytochrome P450 enzyme, followed by a spontaneous or enzyme
catalyzed hydration, and a second P450 enzyme-catalyzed oxidation can result in production of
mogrol. Additional pathways for production of mogrol or 11-oxo-mogrol, as described in

Example 11, are shown in Figure 9.

15



WO 2016/050890 PCT/EP2015/072645

[0071] In some embodiments, one or more mogrol precursors are produced. Mogrol
precursors, mogrol, and/or mogrosides can be produced in vivo (i.e., in a recombinant host), in
vitro (i.e., enzymatically), or by whole cell bioconversion, as described below. As used herein,
the terms ‘“detectable amount,” “detectable concentration,” “measurable amount,” and
“measurable concentration” refer to a level of mogrosides and mogroside precursors measured
in AUC, pM/ODggo, mg/L, uM, or mM. Mogroside production (i.e., total, supernatant, and/or
intracellular steviol glycoside levels) can be detected and/or analyzed by techniques generally
available to one skilled in the art, for example, but not limited to, liquid chromatography-mass
spectrometry (LC-MS), thin layer chromatography (TLC), high-performance liquid
chromatography (HPLC), ultraviolet-visible spectroscopy/ spectrophotometry (UV-Vis), mass
spectrometry (MS), and nuclear magnetic resonance spectroscopy (NMR). As used herein, the
term “relative abundance” is used to refer to the concentration of a particular ion measured by
MS or LC-MS, where the most intense ion is assigned a relative abundance score of 100 and is

referred to as the base peak.
Mogroside Production Pathway

[0072] In some embodiments, a mogrol precursor (e.g., squalene or oxidosqualene),
mogrol, or mogroside is produced, as described herein. Squalene can be produced from
farnesyl pyrophosphate using a squalene synthase, and oxidosqualene can be produced from
squalene using a squalene epoxidase. The squalene synthase can be any enzyme classified
under EC 2.5.1.21. Squalene production can comprise a step of catalyzing conversion of
farnesyl pyrophosphate by a squalene synthase in the presence of NADPH. in embodiments of
the invention wherein the methods are performed in vivo, the recombinant host can thus
comprise a heterologous nucleic acid encoding a squalene synthase. In other aspects, the

squalene synthase can be endogenous.

[0073] The squalene synthase can be, for example, squalene synthase from Gynostemma
pentaphylium (protein accession number C4P9M2), a cucurbitaceae family plant. The squalene
synthase can also comprise a squalene synthase from Arabidopsis thaliana (protein accession
number C4POM3), Brassica napus, Citrus macrophylila, Euphorbia tirucalli (protein accession
number BOWZW?7), Glycine max, Glycyrrhiza glabra (protein accession number Q42760,
Q42761), Glycrrhiza uralensis (protein accession number D6QX40, D6QX41, D6QX42,
DBQX43, D6GX44, D6QX45, D6EQX47, D6QX39, D6QX55, D6QX38, D6QAXS3, D6QX37,
DBQX35, BSAIDS, B5AID4, B5AID3, C7EDDO, C6KEQ7, C6KE08, C7EDCY), Lotusfaponicas

(protein accession number Q84LE3), Medicago truncatula (protein accessionnumber Q8GSLS),
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Pisum sativum, Ricinus communis (protein accession number BORHC3), Prunus mume, or
functional homologs sharing at least 70% identity with any of the squalene synthases described

above.

[0074] Oxidosqualene can be produced from squalene by squalene epoxidase (also
referred to as squalene monoxygenase. See, e.g., Leber et al., 1998, Mol Biol Cell. 9(2):375-
86. The squalene epoxidase can be any enzyme classified under EC 1.4.99.7. Oxidosqualene
production can comprise a step of catalyzing conversion of squalene by a squalene epoxidase

in the presence of NADPH. See, e.g., Example 8.

[0075] The sgualene epoxidase can also be the product of the ERG1 gene from S.
cerevisiae. Thus, the sgualene epoxidase can be a polypeptide of SEQ 1D NO:54 or a
functional homolog thereof sharing at least 45% sequence identity therewith. In some aspects,

ERGH1 is overexpressed.

{0076} The squalene epoxidase can be, for example, squalene epoxidase from
Gynostemma pentaphyllum (protein accession number C4P9M2; SEQ ID NO: 88). The
squalene epoxidase can comprise a squalene epoxidase from Arabidopsis thaliana (protein
accession number Q95M02 (SEQ 1D NO: 89), 065403 (SEQ ID NO: 90), 065402 (SEQ ID
NO: 91), 065404 (SEQ ID NO: 92), 081000 (SEQ ID NO: 93), or Q9T064 (SEQ ID NO: 94)),
Brassica napus (protein accession number 065727 (SEQ ID NO: 95), 065726 (SEQ ID NO:
96)), Euphorbia tirucalli (protein accession number A7VJN1 (SEQ ID NO: 97)), Medicago
truncatula (protein accession number Q8GSMS8 (SEQ ID NO: 98), Q8GSMS (SEQ ID NO: 99)),
Pisum sativum, and Ricinus communis (protein accession number BIR6VO (SEQ ID NO: 100),
B9S7WS (SEQ ID NO: 101), BAS6Y2 (SEQ ID NO: 102), BSTOY3 (SEQ ID NO: 103), B9S7TO
(SEQ ID NO: 104), BOSX91 (SEQ ID NO: 105)), or functional homologs sharing at least 70%

identity with any of the squalene epoxidases described above.

[0077] One or more enzymes capable of catalyzing conversion of oxidosqualene to form
cucurbitadienol comprise a cucurbitadienol synthase. See step A of Figures 2B and 2C and
Example 9. The cucurbitadienol synthase can be, for example, a cucurbitadienol synthase,
which has been classified as an oxidosqualene cyclase, such as the oxidosqualene cyclase
described by Shibuya, Tefrahedron, 60: 6995-7003 (2004).

[0078] The amino acid sequence of a cucurbitadienol synthase from Cucurbita pepo is
provided herein as SEQ ID NO:1. In some embodiments, the cucurbitadienol synthase is a
polypeptide of SEQ ID NO:1 or a functional homolog thereof sharing at least 70% sequence
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identity therewith. In some embodiments, a polypeptide having at least 70% identity to the
amino acid sequence set forth in SEQ D NO:1 includes, but is not limited to, a polypeptide from
Lotus japonicas (BAE53431), Populus trichocarpa (XP_002310905), Acfaea racemosa
(ADC84219), Betula platyphylla (BAB83085), Glycyrrhiza glabra (BAA76902), Vitis vinifera
(XP_002264289), Centella asiatica (AAS01524), Panax ginseng (BAA33460), and Betula
platyphylla (BAB83086). The cucurbitadienol synthase can be any cucurbitadienol synthase

sharing at least 70% identity to a cucurbitadienol synthase described above.

[0079] As described in Example 5, the cucurbitadienol synthase from monk fruit was
identified herein, and the sequence of the C-terminal portion of the polypeptide determined.
The amino acid sequence of the C-terminal portion of the monk fruit polypeptide is provided
herein as SEQ ID NO:2. Thus, in some embodiments, the cucurbitadienol synthase is a

polypeptide having an amino acid sequence set forth in SEQ ID NO:2.

{0030] In other embodiments, the cucurbitadienol synthase is the polypeptide of SEQ ID

NQO:43 or a functional homolog thereof sharing at least 70% identity therewith.

[0081] In some embodiments, 24,25 epoxy cucurbitadienol is produced from
dioxidosqualene using one or more enzymes capable of catalyzing conversion of oxidosqualene
to form cucurbitadienol. One or more enzymes capable of catalyzing conversion of
dioxidosqualene to 24,25 epoxy cucurbitadienol preferably comprises a cucurbitadienol
synthase. See step B of Figures 2B and 2C and Example 9. The cucurbitadienol synthase can
be, for example, a cucurbitadienol synthase as described by Shibuya, Tetrahedron 60.6995-
7003 (2004) or a cucurbitadienol synthase as described above. In some embodiments, the
cucurbitadienol synthase catalyzing conversion of dioxidosqualene to 24,25 epoxy
cucurbitadienol is a polypeptide of SEQ ID NO:1 or a functional homolog thereof sharing at least

70% identity therewith.

[0082] In some embodiments, 11-hydroxy-cucurbitadienol is produced from
cucurbitadienol. In some embodiments, a cytochrome P450 enzyme catalyzes hydroxylation of
cucurbitadienol to form 11-hydroxy-cucurbitadienol. In some embodiments, CYP5491 (SEQ ID
NO:14, SEQ ID NO:44) catalyzes conversion of cucurbitadienol to 11-hydroxy-cucurbitadienol.
See step C of Figures 2B and 2C and Example 10.

[0083] As indicated in Examples 6 and 15, one or more of CYP533, CYP937, CYP1798,
CYP1994, CYP2048, CYP2740, CYP3404, CYP3968, CYP4112, CYP41498, CYP4491,
CYPB491, CYP6479, CYP7604, CYP8224, CYP8728, CYP10020, or CYP10285 (encoded by
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SEQ ID NOs: 3-20, respectively) can be used to produce mogrol. eYAC technology can be
used to assess activity of the cytochrome P450 enzymes, as set forth in Example 8.
Alternatively, an in vitro reaction can be used to assess the activity. Thus, in one embodiment
of the invention, at least one cytochrome P450 enzyme comprises a polypeptide encoded by the
nucleic acid sequence SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID
NO:19, SEQ ID NO:20 or a functional homolog thereof sharing at least 70% identity therewith.

[0084] In some embodiments, 11-hydroxy-24,25 epoxy cucurbitadienol is produced from
24,25 epoxy cucurbitadienol using one or more enzymes capable of catalyzing hydroxylation of
24,25 epoxy cucurbitadienol to form 11-hydroxy-24,25 epoxy cucurbitadienol. In some
embodiments, a cytochrome P450 enzyme catalyzes hydroxylation of 24,25 epoxy
cucurbitadienol to form 11-hydroxy-24,25 epoxy cucurbitadienol. In some embodiments, the
enzyme capable of catalyzing hydroxylation of 24,25 epoxy cucurbitadienol to form 11-hydroxy-
24,25 epoxy cucurbitadienol is CYP5491 (SEQ ID NO:14, SEQ ID NO:44) or a functional
homolog sharing at least 50% sequence identity with SEQ 1D NO:44. See step D of Figures 2B
and 2C and Example 9.

[0085] In some aspects, 24,25 epoxy cucurbitadienol is produced from cucurbitadienol. In
some aspects, a cytochrome P450 catalyzes conversion of cucurbitadienol to 24,25 epoxy
cucurbitadienol. The cytochrome P450 can be CYP1798 of SEQ ID NO:74. See step E of
Figures 2B and 2C. In some aspects, 11-hydroxy 24,25 epoxy cucurbitadienol is produced from
11-hydroxy-cucurbitadienol. In some aspects, a cytochrome P450 catalyzes conversion of 11-
hydroxy-cucurbitadienol to produce 11-hydroxy 24,25 epoxy cucurbitadienol. The cytochrome
P450 can be CYP1798 of SEQ ID NO:74. See step F of Figures 2B and 2C.

[0086] In some aspects, mogrol is produced from 11-hydroxy-cucurbitadienol using
enzymes capable of catalyzing conversion of 11-hydroxy-cucurbitadienol to form mogrol.
Enzymes having cytochrome P450 activity and epoxide hydrolase activity catalyze conversion
of 11-hydroxy-cucurbitadienol to mogrol. See steps F and G of Figures 2B and 2C. Enzymes
with cytochrome P450 activity include polypeptides encoded by the nucleic acid sequence set
forth in SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14,
SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20,
or a functional homolog thereof sharing at least 70% sequence identity therewith. An enzyme
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having epoxide hydrolase activity preferably catalyzes production of glycol from epoxide and
water. Non-limiting examples of enzymes with epoxide hydrolase activity include S. grosvenorii
epoxide hydrolase 1 and S. grosvenorii epoxide hydrolase 2. Thus, an enzyme with epoxide
hydrolase activity can comprise polypeptides having at least 75% sequence identity with the
amino acid sequence set forth in SEQ ID NO:38, having at least 65% sequence identity with the

amino acid sequence set forth in SEQ 1D NO:40, and functional homologs thereof.

[0087] In some embodiments, mogrol is produced from 11-hydroxy-24,25 epoxy
cucurbitadienol. One or more enzymes capable of catalyzing conversion of 11-hydroxy-24,25
epoxy cucurbitadienol to form mogrol preferably comprise an enzyme with epoxide hydrolase
activity. See step G of Figures 2B and 2C. Examples of enzymes with epoxide hydrolase
activity include S. grosvenorii epoxide hydrolase 1 and S. grosvenorii epoxide hydrolase 2, as
described above. In some embodiments, an enzyme capable of catalyzing conversion of 11-
hydroxy-24,25 epoxy cucurbitadienol to produce mogrol comprises a polypeptide having at least
75% sequence identity with the amino acid sequence set forth in SEQ ID NO:38, having at least
65% sequence identity with the amino acid sequence set forth in SEQ ID NO:40, and functional

homologs thereof.

[0088] in some embodiments, CYP1798 (SEQ ID NO:5, SEQ ID NO:73, SEQ 1D NO:74)
catalyzes the epoxidation of the 24-25 carbon double bonds of cucurbitadienol, 11-hydroxy-
cucurbitadienol, or 11-oxo cucurbitadienol. Figures 9A and 9B are schematics of mogrol and
11-0x0-mogrol production from cucurbitadienol, and Figure 9C is a schematic of mogrol and 11-

oxo-mogrol production from oxidosqualene. See, also, Example 15.

[0089] One or more enzymes capable of catalyzing glycosylation of mogrol preferably
comprise a Uridine-5-diphospho (UDP) dependent glucosyltransferase (UGT). A UGT can
catalyze production of a mogroside not limited to mogroside | A1, mogroside | E1, mogroside |l
A, mogroside Il A1, mogroside Il A2, mogroside |l E, mogroside Ill A1, mogroside Il A2,
mogroside Ill, mogroside lll E, mogroside 1V, mogroside IV A, or siamenoside. Such UGT can
comprise, for example, Arabidopsis thaliana UGT73C3 of SEQ ID NO:21, Arabidopsis thaliana
UGT73C6 of SEQ ID NO:23, Stevia rebaudiana UGT85C2 of SEQ ID NO:25, Arabidopsis
thaliana UGT73C5 of SEQ ID NO:22, Stevia rebaudiana UGT73E1 of SEQ ID NO:24, or a
functional homolog sharing at least 70% identity with a UGT described above. A UGT can also
comprise UGT98 of SEQ ID NO:53, UGT1495 encoded by SEQ ID NO:27, UGT1817 encoded
by SEQ ID NO:28, UGT5914 encoded by SEQ ID NO:30, UGT8468 encoded by SEQ ID NO:31,
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UGT10391 encoded by SEQ ID NO:32, or a functional homolog of any of the UGTs described
above. See Examples 4and 7.

[0090] UGT73C3, UGT73C6, UGT85C2, and UGT73E1 are capable of catalyzing
glycosylation at the C24 position of mogrol or mogroside. Accordingly, in methods of the
invention wherein the mogroside to be produced comprises a glycosylation at the C24 position,
at least one UGT can be UGT73C3 of SEQ ID NO:21, UGT73C6 of SEQ ID NO:23, UGT85C2
of SEQ ID NO:25, UGT73E1 of SEQ ID NO:24 or a functional homolog functional homolog
sharing at least 70% identity with a UGT described above. See Example 4.

[0091] UGT73C5 is capable of catalyzing glycosylation at both the C3-OH of mogrol and
mogroside and C24 position. Accordingly, in methods of the invention wherein the mogroside to
be produced comprises a glycosylation at the C24 position and/or a glycosylation at the C3-OH
position, at least one UGT can be UGT73C5 of SEQ ID NO:22 or a functional homolog sharing

at least 60% sequence identity therewith. See Example 4.

[0092] In some embodiments, a UGT is UGT1576 of SEQ ID NO:48 or a UGT sharing at
least 60% sequence identity with UGT1576 of SEQ ID NO:48. In some embodiments,
UGT1576 possesses mogrol C24-OH UDP-glycosyltransferase activity. See Example 11.

[0093] In some embodiments, a UGT is UGT98 of SEQ ID NO:53 or a functional homolog
thereof sharing at least 70% sequence identity therewith. This is in particular the case in
embodiments of the invention wherein the mogroside to be produced comprises a 1,2-
glycosylation and a 1,6-glycosylation of the glucose at position C-24 to form mogroside [l A1.
See Example 11. In some embodiments, UGT98 (SEQ ID NO:53) can be used to convert
mogroside Il E to mogroside IV, mogroside V, 11-oxo-mogroside V, and/or siamenoside |. See

Example 7.

[0094] In some embodiments, for example in embodiments wherein the mogroside to be
produced comprises a 1,2 glycosylation of the glucose at position C-24 to form mogroside Il A, a
UGT is UGTSKA8 of SEQ ID NO:50 or UGT sharing at least 70% identity with UGTSK98 of
SEQ ID NO:50. See Example 11. In some aspects, UGT98 catalyzes 1,2 and 1,6 glucose
attachments to convert mogroside 1l E to mogroside V. See Example 14.

[0095] In some embodiments, a UGT is S. grosvenorii UGT430 (SEQ ID NO:61, SEQ ID
NO:62). UGT430 is a member of UGT family 85A and glycosylates the 3C position of mogrol

and particular mogrosides. See Example 12.
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[0096] In some embodiments, a UGT is S. grosvenorii UGT1697 (SEQ ID NO:67, SEQ ID
NO:68). UGT1697 is a member of UGT family 85A and glycosylates the 3C and 24C positions

of mogrol and particular mogrosides. See Example 13.

[0097] In some embodiments, a UGT is S. grosvenorii UGT11789 (SEQ ID NO:69, SEQ ID
NO:70, SEQ ID NO:71, SEQ ID NO:72). UGT11789 catalyzes 1,2 and/or 1,6 glucose
attachments on the 24-O-glucose and/or the 3-O-glucose of mogroside compounds. In some
embodiments, UGT11789 glycosylates mogroside | E1, mogroside | A1, mogroside |l E,
mogroside I A, mogroside il E, mogroside lil A2, mogroside lll, mogroside |V, or siamenoside.
In some embodiments, contacting UGT11789 with mogroside | E1, mogroside | A1, mogroside |l
E, mogroside |I A, mogroside Il E, mogroside Il A2, mogroside lll, mogroside IV, or
siamenoside produces mogroside 1l A1, mogroside 1l A2, mogroside Ill, mogroside [l A1,
mogroside Il A2, mogroside IV, mogroside IV A, siamenoside, or mogroside V. See Example
14,

Methods of Producing Mogrosides In Vivo

[0098] In some embodiments, a mogrol precursor, mogrol, or mogroside is produced in
vivo by a host expressing of one or more nucleic acid molecules encoding one or more
enzymes involved in the mogroside pathway. For example, an oxidosqualene-producing
recombinant host expressing one or more of a gene encoding a cucurbitadienol synthase
polypeptide, a gene encoding a cytochrome P450 polypeptide, a gene encoding a cytochrome
P450 reductase polypeptide, a gene encoding an epoxide hydrolase polypeptide, and a gene
encoding a UGT polypeptide can produce a mogrol precursor, mogrol, or mogroside in vivo.

See Examples 15 and 16.

[0099] In some embodiments, more than one host is used to produce a mogrol precursor,
mogrol, or mogroside. In a non-limiting example, a host capable of producing mogrol and a host
expressing a UGT can be used to produce a mogroside. The methods can also employ a
mixture of a recombinant and a non-recombinant host. In embodiments comprising use of two
or more hosts, the hosts can be co-cultivated or cultured separately. If the hosts are cultivated
separately, the intermediate products can be recovered and optionally purified or partially
purified and fed to recombinant hosts using the intermediate products as substrates. Suitable

recombinant hosts are described below.

[00100] In some aspects, production of a mogrol precursor, mogrol, or mogroside can be

performed in vivo and a mogro! precursor, mogrol, or mogroside product can be used as a
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substrate for subsequent reactions to be performed in vitro, as described below. See WO
2013/076577 and WO 2014/086842.

[00101] In some embodiments, a host produces oxidosqualene from glucose via the
ergosterol pathway. See, e.g., WO 2014/0027118. In some aspects, host expressing a nucleic
acid molecule encoding a squalene synthase polypeptide can produce squalene. In some
embodiments, the squalene synthase is ERG9, and the amino acid sequence of ERGY is set
forth in SEQ ID NO:87. In some embodiments, squalene synthase is endogenous to the host.
In some embodiments, increased copy numbers of an endogenous squalene synthase and/or
squalene epoxidase, expression of a heterologous nucleic acid molecule encoding a squalene
synthase and/or squalene epoxidase, or increased expression of an endogenous squalene
synthase and/or squalene epoxidase can improve levels of mogrosides produced in a

recombinant host.

[00102] In one embodiment, the recombinant host comprises a heterologous nucleic acid
encoding a squalene epoxidase operably linked to sequence directing high expression of the
squalene epoxidase in the host. Thus, the squalene epoxidase can be endogenous to the
recombinant host, but the expression level can be increased by additional copies of nucleic

acids encoding the squalene epoxidase and/or by use of stronger promoters.

[00103] Oxidosqualene serves as a substrate for production of lanosterol. Thus, in some
embodiments, the level of oxidosqualene can be increased by reducing lanosterol synthase
activity. In recombinant hosts expressing an endogenous lanosterol synthase, this can be
achieved by substituting the endogenous promoter-directed expression of lanosterol synthase
with a weaker promoter directing expression of a lower level of lanosterol synthase. In yeast,
the ERG7 gene encodes lanosterol synthase. Thus, when the recombinant host is yeast, the
ERG7 gene promoter can be substituted for another promoter, which directs a level of
expression, which is lower than the endogenous expression level of ERG7. The lanosterol
synthase can thus be the product of the ERG7 gene of S. cerevisiae, the sequence of which is
provided herein as SEQ ID NO:55, or a functional homolog thereof sharing at least 50%

sequence identity therewith. See Examples 8 and 15.

[00104] In addition, expression of a truncated form of the enzyme 3-hydroxy-3-
methylglutaryl-CoA reductase (tHMG1, SEQ ID NO:77, SEQ ID NO:78) can also lead enhanced
levels of oxidosqualene. A useful truncated form of yeast HMG reductase (tHMG1) is described
in Donald ef al., 1997, Appl. Environ. Microbiol. 63:3341-4.
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[00105] Dioxidosqualene levels can be enhanced by high expression of a squalene
epoxidase. The squalene epoxidase can be the product of the S. cerevisiae ERG1 gene. Thus,
the squalene epoxidase can be a polypeptide of SEQ ID NO:54 or a functional homolog thereof
sharing at least 45% sequence identity therewith. The levels of dioxidosqualene can also be
enhanced by reducing lanosterol synthase activity. Dioxidosqualene levels can also be
enhanced by expression of a truncated form of 3-hydroxy-3-methyiglutaryl-CoA reductase
(tHMG1, SEQ ID NO:77, SEQ ID NO:78). See Examples 8 and 15.

[00106] in some embodiments, hydroxylation of cucurbitadienol to form 11-hydroxy-
cucurbitadienol or hydroxylation of 24,25 epoxy cucurbitadienol to form 11-hydroxy-24,25 epoxy
cucurbitadienol can be aided by at least one CYP activator. A recombinant host can co-express
heterologous nucleic acids encoding one or more cytochrome P450 enzymes and a
heterologous nucleic acid encoding a CYP activator. The CYP activator can be, for example,
CPR4497 (SEQ ID NO:45, SEQ ID NO:46) or a functional homolog sharing at least 50%
sequence identity with SEQ ID NO:46. See Examples 10, 15, and 16.

[00107] In some embodiments, a cucurbitadienol-producing S. cerevisiae strain co-
expressing S. grosvenorii CYP5491 (SEQ ID NO:14, SEQ ID NO:44), S. grosvenorii CYP1798
(SEQ 1D NO:5, SEQ 1D NO:73, SEQ ID NO:74), S. grosvenorii CPR4497 (SEQ 1D NO:45, SEQ
D NO:46), and an epoxide hydrolase produces mogrol. In some embodiments, the epoxide
hydrolase is epoxide hydrolase 2 (SEQ ID NO:39, SEQ ID NO:40). In some embodiments, the
cucurbitadienol-producing S. cerevisiae strain further overexpresses squalene epoxidase
encoded by ERG1 (SEQ ID NO:54), expresses a truncated HMG reductase (tHMG1, SEQ ID
NO:77, SEQ ID NO:78), expresses S. grosvenorii cucurbitadienol synthase (SEQ ID NO:42,
SEQ ID NO:43), is deleted of the TRP1 gene, and comprises a disrupted promoter of the
endogenous ERG7 gene (SEQ ID NO:55). See Example 15.

[00108] In some embodiments, a mogrol precursor, mogrol, or mogroside is produced in a
recombinant host comprising one or more of a gene encoding a squalene epoxidase
polypeptide, a gene encoding a cucurbitadienol synthase polypeptide, a gene encoding a
cytochrome P450 polypeptide, a gene encoding a cytochrome P450 reductase polypeptide, a
gene encoding an epoxide hydrolase polypeptide, and/or a gene encoding a
glycosyltransferase. In some aspects, the gene encoding the glycosyltransferase comprises a
gene encoding a UGT1576 polypeptide having 60% or greater identity to an amino acid
sequence set forth in SEQ ID NO:48, a gene encoding a UGT430 polypeptide having 45% or
greater identity to an amino acid sequence set forth in SEQ ID NO:62, a gene encoding a
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UGT1697 polypeptide having 45% or greater identity to an amino acid sequence set forth in
SEQ ID NO:68, a gene encoding a UGT11789 polypeptide having 50% or greater identity to an
amino acid sequence set forth in SEQ ID NO:72, and/or a gene encoding a UGT98 polypeptide
having 70% or greater identity to an amino acid sequence set forth in SEQ ID NO:53. See
Example 16.

[00109] In some embodiments, mogroside V is produced in an S. cerevisiae strain
comprising S. grosvenorii cucurbitadienol synthase (SEQ ID NO:42, SEQ ID NO:43), CYP5491
(SEQ ID NO:81, SEQ ID NO:44), CYP1788 (SEQ ID NO:5, SEQ ID NO:74), CYP1798-1l (SEQ
ID NO:86, SEQ ID NO:74), CPR4497 (SEQ ID NO:82, SEQ ID NO:46), epoxide hydrolase 2
(SEQ ID NO:39, SEQ ID NO:40), UGT1576 (SEQ ID NO:83, SEQ ID NO:48), UGT430 (SEQ ID
NO:84, SEQ ID NO:62), UGT1697 (SEQ ID NO:85, SEQ ID NO:68), UGT98 (SEQ ID NO:52,
SEQ ID NO:53), and UGT11789 (SEQ ID NO:71, SEQ ID NO:72). In some embodiments, the
strain is a Mat alpha derivative of S. cerevisiae 288C with a deletion of the S. cerevisiae EXG1
gene. In some embodiments, the host further produces mogroside IV A, mogroside Il A2,

mogroside | E1, and mogrol. See Example 16.
Methods of Producing Mogrosides In vitro

[00110] In some embodiments, a mogroside is produced through contact of a mogrol
precursor, mogrol, or glycosylated mogrol with one or more enzymes involved in the mogroside
pathway in vitro. For example, contact of mogrol with a UGT polypeptide can result in
production of a mogroside in vitro. In some embodiments, a mogrol precursor is produced
through contact of an upstream mogroside precursor with one or more enzymes involved in the
mogroside pathway in vitro. For example, contact of cucurbitadienol with a cytochrome P450

polypeptide and an epoxide hydrolase can result in production of mogrol in vitro.
[00111] In some embodiments, a mogrol precursor is produced by one or more of the
following steps:

a. Contacting oxidosqualene with a cucurbitadienol synthase, such as, but not
limited to, a cucurbitadienol synthase having 70% or greater identity to an amino
acid sequence set forth in SEQ ID NO:43, to produce cucurbitadienol (see step A
of Figures 2B and 2C); or

b. Contacting dioxidosqualene with a cucurbitadienol synthase, such as, but not

limited to, a cucurbitadienol synthase having 70% or greater identity to an amino
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[00112]

acid sequence set forth in SEQ ID NO:43, to produce 2425 epoxy
cucurbitadienol (see step B of Figures 2B and 2C); or

Contacting cucurbitadienol with a cytochrome P450, such as, but not limited to,
CYP5491 having 50% or greater identity to an amino acid sequence set forth in
SEQ ID NO:44, to produce 11-hydroxy-cucurbitadienol (see step C of Figures 2B
and 2C); or

Contacting 24,25 epoxy cucurbitadienol with a cytochrome P450, such as, but
not limited to, CYP5491 having 50% or greater identity to an amino acid
sequence set forth in SEQ ID NO:44, to produce 11-hydroxy-24,25 epoxy
cucurbitadienol (see step D of Figures 2B and 2C); or

Contacting cucurbitadienol with a cytochrome P450, such as, but not limited to,
CYP1798 having 70% or greater identity to an amino acid sequence set forth in
SEQ 1D NO:74, to produce 24,25 epoxy cucurbitadienol (see step E of Figures
2B and 2C); or

Contacting 11-hydroxy-cucurbitadienol with a cytochrome P450, such as, but not
limited to, CYP1798 having 70% or greater identity to an amino acid sequence
set forth in SEQ 1D NO:74, to produce 11-hydroxy-24,25 epoxy cucurbitadienol
(see step F of Figures 2B and 2C).

In some embodiments, mogrol is produced in vitro by contacting 11-hydroxy-24,25

epoxy cucurbitadienol with an epoxide hydrolase, such as, but not limited to, epoxide hydrolase

1 having 75% or greater identity to an amino acid sequence set forth in SEQ ID NO:38 or

epoxide hydrolase 2 having 65% or greater identity to an amino acid sequence set forth in SEQ
ID NO:40 (see step G of Figures 2B and 2C).

[00113]
in vitro by:

a.

In some embodiments, a mogroside (see step H of Figures 2B and 2C) is produced

Contacting mogrol with UGT73C3 (SEQ ID NO:21), UGT73C6 (SEQ ID NO:23),
UGT85C2 (SEQ ID NO:25), and/or UGT1576 (SEQ ID NO:48) to produce

mogroside | A1; or

Contacting mogrol with UGT73C5 (SEQ ID NO:22) to produce mogroside | E1

and/or mogroside | A1; or
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C. Contacting mogrol with UGT73E1 (SEQ ID NO:24) to produce mogroside 1 A1
and/or a mogroside glycosylated on C11-OH; or

d. Contacting mogrol with UGT430 (SEQ ID NO:62) to produce mogroside | E1; or

e. Contacting mogrol with UGT1697 (SEQ ID NO:68) to produce mogroside Il E1

and/or mogroside | A1 ; or

f. Contacting mogroside | A1 with UGT98 (SEQ ID NO:53), UGTSK98 (SEQ ID
NO:50), and/or UGT11789 (SEQ ID NO:72) to produce mogroside Il A; or

g. Contacting mogroside | A1 with UGT430 (SEQ ID NO:62) to produce mogroside
HE; or

h. Contacting mogroside | A1 with UGT98 (SEQ ID NO:53) and/or UGT11789 (SEQ
1D NO:72) to produce mogroside [li A1; or

i Contacting mogroside | E1 with UGT1576 (SEQ 1D NO:48) and/or UGT1697
(SEQ ID NO:68) to produce mogroside Il E; or

i- Contacting mogroside Il A with UGT98 (SEQ ID NO:53) and/or UGT11789 (SEQ
ID NO:72) to produce mogroside Il A1; or

k. Contacting mogroside Il E with UGT98 (SEQ ID NO:62) and/or UGT 11789 (SEQ
ID NO:72) to produce mogroside Hl A1, mogroside [l A2, mogroside Il E,
mogroside HI, mogroside IV A, mogroside 1V, siamenoside, or mogroside V; or

I Contacting mogroside Il A1 with UGT73C5 (SEQ ID NO:22) to produce

siamenoside 1; or

m. Contacting siamenoside 1 with UGT98 (SEQ ID NO:53) and/or UGT11789 (SEQ
1D NO:72) to produce mogroside V.

[00114] Each of the steps described above can be performed separately. In embodiments
wherein at least two steps are performed separately, a product of a step can be purified or
partially purified before performing a subsequent step. Alternatively, one or more of the steps

can be performed simultaneously within the same mixture.

[00115] in some embodiments, a cell iysate is prepared from a host expressing one or more
of a gene encoding a squalene epoxidase polypeptide, a gene encoding a cucurbitadienol
synthase polypeptide, a gene encoding a cytochrome P450 polypeptide, a gene encoding an
epoxide hydrolase polypeptide, and a gene encoding a UGT polypeptide. For example, a cell
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lysate can be prepared from a host expressing one or more UGTs and used to contact mogrol,

such that a mogroside can be produced in vifro.
Methods of Producing Mogrosides by Whole Cell Bioconversion

[00116] In some embodiments, a mogrol precursor, mogrol, or mogroside is produced by
whole cell bioconversion. For whole cell bioconversion to occur, a host expressing one or more
enzymes involved in the mogroside pathway takes up and modifies a mogrol or mogroside
precursor in the cell; following modification in vivo, a mogroside is excreted into the culture

medium. See Examples 11-14.

[00117] In some embodiments, the mogrol precursor is oxidosqualene, dioxidosqualene,
cucurbitadienol, 24,25 epoxy cucurbitadienol and the mogroside precursor is mogrol. n a non-
limiting example of whole cell bioconversion, a host expressing a gene encoding a UGT
polypeptide can take up mogrol and glycosylate mogrol in the cell; following glycosylation in

vivo, a mogroside is excreted into the culture medium.

[00118] A cell can be fed a mogrol precursor or mogroside precursor during cell growth or
after cell growth. The cell can be in suspension or immobilized. The cell can be in fermentation
broth or in a reaction buffer. In some embodiments, a permeabilizing agent is used for transfer
of 2 mogrol precursor or mogroside precursor into a cell. In some embodiments, a mogrol
precursor or mogroside precursor can be provided in a purified form or as part of a composition

or an extract.

[60119] In some aspects, a mogrol precursor or mogroside precursor is produced in vitro;
thereafter, the mogrol precursor or mogroside precursor is provided to a host capable of

catalyzing conversion of the mogrol precursor or mogroside precursor.

[00120] In some embodiments, a recombinant host expressing UGT98, UGT1576, and
UGT430 converts fed mogrol to mogroside V. See Example 14. In some embodiments, a host
expressing UGT11789 catalyzes the conversion of mogroside Il E to a tri-glycosylated
mogroside. In some embodiments, a host expressing UGT11789, UGT1576, and UGT430
catalyzes the conversion of mogrol to a triglycosylated mogroside. in some embodiments, a
recombinant host co-expressing UGT11789, UGTS8, UGT1576, and UGT430 converts fed
mogrol to mogroside V more efficiently than a recombinant host expressing UGTS8, UGT1576,
and UGT430. See Example 14.
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Recombinant Genes and Functional Homologs

[00121]  The term “recombinant gene” refers to a gene or DNA sequence that is introduced
into a recipient host, regardless of whether the same or a similar gene or DNA sequence can
already be present in such a host. “Introduced” or “augmented” in this context is known in the
art to mean introduced or augmented by the hand of man. Thus, a recombinant gene can be a
DNA sequence from another species, or can be a DNA sequence that originated from or is
present in the same species, but has been incorporated into a host by recombinant methods to
form a recombinant host. It will be appreciated that a recombinant gene that is introduced into a
host can be identical to a DNA sequence that is normally present in the host being transformed,
and is introduced to provide one or more additional copies of the DNA to thereby permit
overexpression or modified expression of the gene product of that DNA. In a preferred
embodiment, the DNA is a cDNA copy of an mRNA transcript of a gene produced in a cell.

[00122] In some embodiments, the coding sequence of a polypeptide described herein,
such as the coding sequence of a UGT polypeptide, is a heterologous sequence. The phrases
“heterologous sequence” and “heterologous coding sequence” are used to describe a sequence
derived from a species other than the recombinant host. In some embodiments, the
recombinant host is an S. cerevisiae cell, and a heterologous sequence is derived from an
organism other than S. cerevisiae. A heterologous coding sequence, for example, can be from
a prokaryotic microorganism, a eukaryotic microorganism, a plant, an animal, an insect, or a
fungus different than the recombinant host expressing the heterologous sequence. In some

embodiments, a coding sequence is a sequence that is native to the host.

[00123] In some aspects of the invention, a squalene epoxidase polypeptide,
cucurbitadienol synthase polypeptide, cytochrome P450 polypeptide, cytochrome P450
reductase polypeptide, epoxide hydrolase polypeptide, and/or glycosyltransferase polypeptide is
a fusion protein. In some embodiments, a squalene epoxidase polypeptide (including, but not
limited to, the squalene epoxidase polypeptide of SEQ ID NO:54, a cucurbitadienol synthase
polypeptide (including, but not limited to, the cucurbitadienol synthase polypeptide of SEQ 1D
NO:43), a cytochrome P450 polypeptide (including, but not limited to, the CYP5491 polypeptide
of SEQ ID NO:44), a cytochrome P450 reductase polypeptide (including, but not limited to, the
CPR4497 polypeptide of SEQ ID NO:46), an epoxide hydrolase polypeptide (including, but not
limited to, the EH1 polypeptide of SEQ ID NO:38 or the EH2 polypeptide of SEQ ID NO:40),
and/or a UGT polypeptide (including, but not limited to, UGT1576 of SEQ ID NO:48, UGT430 of
SEQ ID NO:62, UGT1697 of SEQ ID NO:68, UGT11789 of SEQ ID NO:72, UGT98 of SEQ ID
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NO:53, or UGTSK98 of SEQ ID NO:50) is a fusion polypeptide. The terms “chimera,” “fusion

L 1

polypeptide,” “fusion protein,” “fusion enzyme,” “chimeric protein,” "chimeric polypeptide,” and
“chimeric enzyme” can be used interchangeably herein to refer to proteins engineered through
the joining of two or more genes that code for different proteins. In some embodiments, a
nucleic acid sequence encoding a squalene epoxidase polypeptide, cucurbitadienol synthase
polypeptide, cytochrome P450 polypeptide, cytochrome P450 reductase polypeptide, epoxide
hydrolase polypeptide, and/or glycosyltransferase polypeptide polypeptide include a tag
sequence that encodes a “tag” designed to facilitate subsequent manipulation (e.g., to facilitate
purification or detection), secretion, or localization of the encoded polypeptide. Tag sequences
can be inserted in the nucleic acid sequence encoding the polypeptide such that the encoded
tag is located at either the carboxyl or amino terminus of the polypeptide. Non-limiting
examples of encoded tags include green fluorescent protein (GFP), human influenza
hemagglutinin (HA), glutathione S transferase (GST), polyhistidine-tag (HIS tag), and Flag™ tag
(Kodak, New Haven, CT). Other examples of tags include a chloroplast transit peptide, a

mitochondrial transit peptide, an amyloplast peptide, signal peptide, or a secretion tag.

[00124] In some embodiments, a fusion protein is a protein altered by domain swapping. As
used herein, the term “domain swapping” is used to describe the process of replacing a domain
of a first protein with a domain of a second protein. In some embodiments, the domain of the
first protein and the domain of the second protein are functionally identical or functionally
similar. In some embodiments, the structure and/or sequence of the domain of the second
protein differs from the structure and/or sequence of the domain of the first protein. In some
embodiments, a cytochrome P450 reductase polypeptide is altered by domain swapping. For
example, in some aspects, the cytochrome P450 domain or reductase domain of CPR4497
(SEQ ID NO:46) is replaced by the cytochrome P450 domain or reductase domain of a
cytochrome P450 reductase other than CPR4497 (SEQ 1D NO:46). In other aspects, a UGT
polypeptide is altered by domain swapping.

[00125] Functional homologs of the polypeptides described above are also suitable for use in
producing steviol glycosides in a recombinant host. A functional homolog is a polypeptide that
has sequence similarity to a reference polypeptide, and that carries out one or more of the
biochemical or physiological function(s) of the reference polypeptide. A functional homolog and
the reference polypeptide can be a natural occurring polypeptide, and the sequence similarity
can be due to convergent or divergent evolutionary events. As such, functional homologs are
sometimes designated in the literature as homologs, or orthologs, or paralogs. Variants of a
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naturally occurring functional homolog, such as polypeptides encoded by mutants of a wild type
coding sequence, can themselves be functional homologs. Functional homologs can also be
created via site-directed mutagenesis of the coding sequence for a polypeptide, or by combining
domains from the coding sequences for different naturally-occurring polypeptides (“domain
swapping”). Techniques for modifying genes encoding functional polypeptides described herein
are known and include, inter alia, directed evolution technigues, site-directed mutagenesis
techniques and random mutagenesis techniques, and can be useful to increase specific activity
of a polypeptide, alter substrate specificity, alter expression levels, alter subcellular location, or
modify polypeptide-polypeptide interactions in a desired manner. Such modified polypeptides
are considered functional homologs. The term “functional homolog” is sometimes applied to the

nucleic acid that encodes a functionally homologous polypeptide.

[00126] Functional homologs can be identified by analysis of nucleotide and polypeptide
sequence alignments. For example, performing a query on a database of nucleotide or
polypeptide sequences can identify homologs of steviol glycoside biosynthesis polypeptides.
Sequence analysis can involve BLAST, Reciprocal BLAST, or PSI-BLAST analysis of non-
redundant databases using a UGT amino acid sequence as the reference sequence. Amino
acid sequence is, in some instances, deduced from the nucleotide sequence. Those
polypeptides in the database that have greater than 40% sequence identity are candidates for
further evaluation for suitability as a steviol glycoside biosynthesis polypeptide. Amino acid
sequence similarity allows for conservative amino acid substitutions, such as substitution of one
hydrophobic residue for another or substitution of one polar residue for another. If desired,
manual inspection of such candidates can be carried out in order to narrow the number of
candidates to be further evaluated. Manual inspection can be performed by selecting those
candidates that appear to have domains present in steviol glycoside biosynthesis polypeptides,

e.g., conserved functional domains.

[00127] Conserved regions can be identified by locating a region within the primary amino
acid sequence of a steviol glycoside biosynthesis polypeptide that is a repeated sequence,
forms some secondary structure (e.g., helices and beta sheets), establishes positively or
negatively charged domains, or represents a protein motif or domain. See, e.g., the Pfam web
site describing consensus sequences for a variety of protein motifs and domains on the World
Wide Web at sanger.ac.uk/Software/Pfam/ and pfam.janelia.org/. The information included at
the Pfam database is described in Sonnhammer et al., Nucl. Acids Res., 26:320-322 (1998),
Sonnhammer et al., Proteins, 28:405-420 (1997); and Bateman et al., Nucl. Acids Res., 27:260-
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262 (1999). Conserved regions also can be determined by aligning sequences of the same or
related polypeptides from closely related species. Closely related species preferably are from
the same family. In some embodiments, alignment of sequences from two different species is

adequate to identify such homologs.

[00128] Typically, polypeptides that exhibit at least about 40% amino acid sequence identity
are useful to identify conserved regions. Conserved regions of related polypeptides exhibit at
least 45% amino acid sequence identity (e.g., at least 50%, at least 60%, at least 70%, at least
80%, or at least 90% amino acid sequence identity). In some embodiments, a conserved region
exhibits at least 92%, 94%, 96%, 98%, or 99% amino acid sequence identity.

Recombinant Hosts

[00129] Recombinant hosts described herein below can be used in methods to produce a
mogrol precursor, mogrol, or mogroside. For example, if the recombinant host is a
microorganism, the method can include growing the recombinant microorganism in a culture
medium under conditions in which one or more of the enzymes catalyzing step(s) of the
methods of the invention, e.g., synthases, hydrolases, CYP450s and/or UGTs are expressed.
In the present context the terms “microorganism” and “microorganism host” and “recombinant
host” can be used interchangeably to refer to microscopic organisms, including bacteria or
microscopic fungi, including yeast. The microorganism can be, but not limited to, a eukaryotic

cell or immortalized cell.

[00130] Exemplary prokaryotic and eukaryoctic species are described in more detail below.
However, it will be appreciated that other species can be suitable. For example, suitable
species can be in a genus including Agaricus, Aspergillus, Bacillus, Candida, Corynebacterium,
Escherichia,  Fusarium/Gibberella, Kluyveromyces,  Laetiporus,  Lentinus,  Phaffia,
Phanerochaete, Pichia, Physcomitrella, Rhodoturula, Saccharomyces, Schizosaccharomyces,
Sphaceloma, Xanthophyllomyces and Yarrowia. Exemplary species from such genera include
Lentinus tigrinus, Laetiporus sulphureus, Phanerochaete chrysosporium, Pichia pastoris,
Physcomitrella patens, Rhodoturula glutinis 32, Rhodoturula mucilaginosa, Phaffia rhodozyma
UBV-AX, Xanthophyllomyces dendrorhous, Fusarium fujikuroi/Gibberella fujikuroi, Candida utilis
and Yarrowia lipolytica. In some embodiments, a microorganism can be an Ascomycete such as
Gibberella fujikuroi, Kluyveromyces lactis, Schizosaccharomyces pombe, Aspergillus niger, or
Saccharomyces cerevisiae. In some embodiments, a microorganism can be a prokaryote such
as Escherichia coli, Rhodobacter sphaeroides, or Rhodobacter capsulatus. 1t will be appreciated

that certain microorganisms can be used to screen and test genes of interest in a high
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throughput manner, while other microorganisms with desired productivity or growth
characteristics can be used for large-scale production of mogrol precursor, mogrol, or

mogroside.

[00131] In certain embodiments of this invention, microorganisms include, but are not limited
to, S. cerevisiae, A. niger, A. oryzae, E. coli, L. lactis and B. subtilis. The constructed and
genetically engineered microorganisms provided by the invention can be cultivated using
conventional fermentation processes, including, inter alia, chemostat, batch, fed-batch

cultivations, continuous perfusion fermentation, and continuous perfusion cell culture.

[00132] Exemplary embodiments comprising bacterial cells include, but are not limited to,
cells of species, belonging to the genus Bacillus, the genus Escherichia, the genus
Lactobacillus, the genus Lacfobacillus, the genus Corynebaclerium, the genus Acetobacler, the

genus Acinetobacier, or the genus Pseudomonas.

[00133] The microorganism can be a fungus, and more specifically, a filamentous fungus
belonging to the genus of Aspergillus, e.g., A. niger, A. awamori, A. oryzae, or A. nidulans, a
yeast belonging to the genus of Saccharomyces, e.g., S. cerevisiae, S. kluyveri, S. bayanus, S.
exiguus, S. sevazzi, or S. uvarum, a yeast belonging to the genus Kluyveromyces, e.g., K.
laclis, K. marxianus var. marxianus, or K. thermololerans, a yeast belonging to the genus
Candida, e.g., C. ulilis, C. Iropicalis, C. albicans, C. lipolylica, or C. versalilis, a yeast belonging
to the genus Pichia, e.g., R. slipidis, R. pasloris, or P. sorbilophila, or other yeast genera, e.g.,
Cryplococcus, Debaromyces, Hansenula, Pichia, Yarrowia, Zygosaccharomyces, or
Schizosaccharomyces. Concerning other microorganisms a non-exhaustive list of suitable
filamentous fungi is supplied: a species belonging to the genus Penicillium, Rhizopus, Fusarium,

Fusidium, Gibberella, Mucor, Morlierella, and Trichoderma.

Saccharomyces cerevisiae

[00134] Saccharomyces cerevisiae is a widely used chassis organism in synthetic biology,
and can be used as the recombinant microorganism platform. There are libraries of mutants,
plasmids, detailed computer models of metabolism and other information available for S.
cerevisiae, allowing for rational design of various modules to enhance product yield. Methods

are known for making recombinant microorganisms.

[00135] The genes described herein can be expressed in yeast using any of a number of
known promoters. Strains that overproduce phenylpropanoids are known and can be used as

acceptor molecules in the production of a mogrol precursor, mogrol, or mogroside.

33



WO 2016/050890 PCT/EP2015/072645

Aspergillus spp.

[00136] Aspergillus species such as A. oryzae, A. niger and A. sojae are widely used
microorganisms in food production, and can also be used as the recombinant microorganism
platform. Nucleotide sequences are available for genomes of A. nidulans, A. fumigatus, A.
oryzae, A. clavatus, A. flavus, A. niger, and A. terreus, allowing rational design and modification
of endogenous pathways to enhance flux and increase product vield. Metabolic models have
been developed for Aspergillus, as well as transcriptomic studies and proteomics studies. A.
niger is cultured for the industrial production of a number of food ingredients such as citric acid
and gluconic acid, and thus species such as A. niger are generally suitable for the production of

a mogrol precursor, mogrol, or mogroside,

Escherichia coli

[00137] Escherichia coli, another widely used platform organism in synthetic biology, can
also be used as the recombinant microorganism platform. Similar to Saccharomyces, there are
libraries of mutants, plasmids, detailed computer models of metabolism and other information
available for E. coli, allowing for rational design of various modules to enhance product yield.
Methods similar to those described above for Saccharomyces can be used to make

recombinant E. coli microorganisms.

Agaricus, Gibberella, and Phanerochaete spp.

[00138] Agaricus, Gibberella, and Phanerochaete spp. can be useful because they are
known to produce large amounts of gibberellin in culture. Thus, the precursors of terpenes used
as acceptor molecules in the production of a mogrol precursor, mogrol, or mogroside are
already produced by endogenous genes. Thus, modules containing recombinant genes for
biosynthesis of terpenes can be introduced into species from such genera without the necessity

of introducing other compounds or pathway genes.

Arxula adeninivorans (Blastobotrys adeninivorans)

[00139] Arxula adeninivorans is dimorphic yeast (it grows as budding yeast like the baker's
yeast up to a temperature of 42°C, above this threshold it grows in a filamentous form) with
unusual biochemical characteristics. It can grow on a wide range of substrates and can
assimilate nitrate. It has successfully been applied to the generation of strains that can produce

natural plastics or the development of a biosensor for estrogens in environmental samples.

Yarrowia lipolytica.
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[00140] Yarrowia lipolytica is dimorphic yeast (see Arxula adeninivorans) and belongs to the
family Hemiascomycetes. The entire genome of Yarrowia lipolytica is known. Yarrowia species
is aerobic and considered to be non-pathogenic. Yarrowia is efficient in using hydrophobic
substrates (e.g. alkanes, fatty acids, oils) and can grow on sugars. It has a high potential for
industrial applications and is an oleaginous microorganism.  Yarrowia lipolyptica can
accumulate lipid content to approximately 40% of its dry cell weight and is a model organism for
lipid accumulation and remobilization. See e.g., Nicaud, 2012, Yeast 29(10):409-18; Beopoulos
et al., 2008, Biochimie 91(6):692-6; Bankar et al., 2009, Appl Microbiol Biotechnol. 84(5).847-

65.

Rhodotorula sp.

[00141] Rhodotorula is unicellular, pigmented yeast. The oleaginous red yeast, Rhodotorula
glutinis, has been shown to produce lipids and carotenoids from crude glycerol (Saenge et al.,
2011, Process Biochemistry 46(1):210-8). Rhodotorula toruloides strains have been shown to
be an efficient fed-batch fermentation system for improved biomass and lipid productivity (Li et

al., 2007, Enzyme and Microbial Technology 41:312-7).

Rhodosporidium toruloides

[00142] Rhodosporidium toruloides is oleaginous yeast and useful for engineering lipid-
production pathways (See, e.g., Zhu et al., 2013, Nature Commun. 3:1112; Ageitos et al., 2011,

Applied Microbiology and Biotechnology 90(4):1219-27).

Candida boidinii

[00143] Candida boidinii is methylotrophic yeast (it can grow on methanol). Like other
methylotrophic species such as Hansenula polymorpha and Pichia pastoris, it provides an
excellent platform for producing heterologous proteins. Yields in a multigram range of a
secreted foreign protein have been reported. A computational method, IPRO, recently predicted
mutations that experimentally switched the cofactor specificity of Candida boidinii xylose
reductase from NADPH to NADH. See, e.g., Mattanovich et al., 2012, Methods Mol Biol.
824:329-58; Khoury et al., 2009, Protein Sci. 18(10):2125-38.

Hansenula polvmorpha (Pichia angusta)

[00144] Hansenula polymorpha is methylotrophic yeast (see Candida boidini)). It can
furthermore grow on a wide range of other substrates; it is thermo-tolerant and can assimilate

nitrate (see also Kluyveromyces lactis). It has been applied to producing hepatitis B vaccines,
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insulin and interferon alpha-2a for the treatment of hepatitis C, furthermore to a range of
technical enzymes. See, e.g., Xu ef al., 2014, Virol Sin. 29(6):403-9.

Kluyveromyces lactis

[00145] Kluyveromyces lactis is yeast regularly applied to the production of kefir. It can grow
on several sugars, most importantly on lactose which is present in milk and whey. It has
successfully been applied among others for producing chymosin (an enzyme that is usually
present in the stomach of calves) for producing cheese. Production takes place in fermenters
on a 40,000 L scale. See, e.g., van Ooyen et al., 2006, FEMS Yeast Res. 6(3):381-92.

Pichia pastoris

[00146] Pichia pastoris is methylotrophic yeast (see Candida boidinii and Hansenula
polymorpha). it provides an efficient platform for producing foreign proteins. Platform elements
are available as a kit and it is worldwide used in academia for producing proteins. Strains have
been engineered that can produce compiex human N-glycan (yeast glycans are similar but not
identical to those found in humans). See, e.g., Piirainen et al., 2014, N Biotechnol. 31(6):532-7.

Physcomitreila spp.

[00147] Physcomitrella mosses, when grown in suspension culture, have characteristics
similar to yeast or other fungal cultures. This genera can be used for producing plant secondary

metabolites, which can be difficult to produce in other types of cells.

[00148] As will be apparent to one skilled in the art, the particulars of the selection process
for specific UGTs capable of glycosylating mogrol and mogrosides depend on the identities of
selectable markers. Selection in all cases promotes or permits proliferation of cells comprising
the marker while inhibiting or preventing proliferation of cells lacking the marker. If a selectable
marker is an antibiotic resistance gene, the tfransfected host population can be cultured in the
presence of an antibiotic to which resistance is conferred by the selectable marker. If a
selectable marker is a gene that complements an auxotrophy of the hosts, the transfected host
population can be cultivated in the absence of the compound for which the hosts are

auxotrophic.

[00148] After selection, recombinant hosts can be cloned according to any appropriate
method known in the arl. For example, recombinant microbial hosts can be plated on solid
media under selection conditions, after which single clones can be selected for further selection,

characterization, or use. This process can be repeated one or more times to enhance stability

36



WO 2016/050890 PCT/EP2015/072645

of the expression construct within the host. To produce a mogroside pathway polypeptide,
recombinant hosts comprising one or more expression vectors can be cultured to expand cell
numbers in any appropriate culturing apparatus known in the art, such as a shaken culture flask

or a fermenter.

[00150] Culture media used for various recombinant hosts are well known in the art. Culture
media used to culture recombinant bacterial cells will depend on the identity of the bacteria.
Culture media used to culture recombinant yeast cells will depend on the identity of the yeast.
Culture media generally comprise inorganic saits and compounds, amino acids, carbohydrates,
vitamins and other compounds that are either necessary for the growth of the hosts or improve
health or growth or both of the hosts. In particular, culture media typically comprise manganese
(Mn®) and magnesium (Mg®) ions, which are co-factors for many, but not all,

glycosyltransferases.

[00151] As used herein, the term “fed-batch culture” or “semi-batch culture® are used
interchangeably to refer to as an operational technique in biotechnological processes where one
or more nutrients (substrates) are fed (supplied) to the bioreactor during cultivation and in which
the product(s) remain in the bioreactor until the end of the run. In some embodiments, all the

nutrients are fed into the bioreactor.

[00152] In some embodiments, a recombinant host can be maodified in order to reduce
glucanase activity, in particular glucanase activity, which can result in deglycosylation of
mogrosides. Thus, the recombinant host can for example be modified to reduce of even abolish
exo-1,3-beta-Glucanase activity. In embodiments of the invention when the recombinant host is
yeast, this can be accomplished by deletion of the EXG1 gene (SEQ ID NO:63, SEQ ID NO:64)
and/or of the EXGZ2 gene (SEQ ID NO:65, SEQ ID NO:66), both of which are encoding an exo-

1,3-beta-glucanase.
[00153] Table 2 indicates the identities of the sequences utilized herein.

Table 2. Sequences used herein.

SEQ ID NO:A1 Amino acid sequence of C. pepo cucurbitadienol synthase

SEQID NO:2 Amino acid sequence of C-terminal portion of S. grosvenorii

cucurbitadienol synthase

SEQ ID NO:3 Nucleotide sequence encoding CYP533
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SEQIDNO4 Nuclectide sequence encoding CYP937
SEQID NO:5 Codon-optimized DNA sequence encoding CYP1798
SEQID NQO6 Nuclectide sequence encoding CYP1994
SEQIDNO:7 Nucleotide sequence encoding CYP2048
SEQID NO:8 Nucleotide sequence encoding CYP2740
SEQ ID NO:9 Nucleotide sequence encoding CYP3404
'SEQID NO:10 Nucleotide sequence encoding CYP3968
SEQ ID NO:11 Nucleotide sequence encoding CYP4112
SEQID NO:12 Nucleotide sequence encoding CYP4149
SEQ ID NO:13 Nucleotide sequence encoding CYP4481
SEQIDNO:14 Nucleotide sequence encoding CYP5491
SEQ ID NO:15 Nucleotide sequence encoding CYP6479
SEQID NO:16 Nucleotide sequence encoding CYP7604
SEQ ID NO:17 Nucleotide sequence encoding CYP8224
SEQ ID NO:18 Nucleotide sequence encoding CYP8728
SEQID NO:19 Nucleotide sequence encoding CYP10020
SEQ ID NO:20 Nuclectide sequence encoding CYP10285
SEQ ID NO:21 Amino acid sequence of UGT73C3
SEQID NO:22 Amino acid sequence of UGT73C5
SEQ ID NO:23 Amino acid sequence of UGT73C6
SEQID NO:24 Amino acid sequence of UGT73E1
SEQ ID NO:25 Amino acid sequence of UGT85C2
SEQ ID NO:26 Nucleotide sequence encoding S. grosvenorii UGT98
SEQ ID NO:27 Nucleotide sequence encoding S. grosvenorii UGT1495
SEQ ID NO:28 Nucleotide sequence encoding S. grosvenorii UGT1817
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SEQID NQO:29 Partial nucleotide sequence encoding fragment of S.
grosvenorii UGT3494

SEQID NQ:30 Nucleotide sequence encoding S. grosvenorii UGT5914

SEQ 1D NO:31 Nucleotide sequence encoding S. grosvenorii UGT8468

SEQ D NQO:32 Nucleotide sequence encoding S. grosvenorii UGT10391

SEQID NO:33 Partial nucleotide sequence encoding fragment of S.
grosvenorii UGT11789

SEQIDNO:34 Partial nucleotide sequence encoding fragment of S.
grosvenorii UGT11999

SEQID NO:35 Partial nucleotide sequence encoding fragment of S.
grosvenorii UGT13679

SEQID NO:36 Partial nucleotide sequence encoding fragment of S.
grosvenorii UGT15423

SEQID NO:37 Codon-optimized nucleotide sequence encoding S. grosvenorii
Epoxide hydrolase 1

SEQ ID NO:38 Aming acid sequence of S. grosvenorii Epoxide hydrolase 1

SEQID NO:39 Codon-optimized nucleotide sequence encoding S. grosvenorii
Epoxide hydrolase 2

SEQ ID NO:40 Amino acid sequence of S. grosvenorii Epoxide hydrolase 2

SEQ ID NO:41 Nucleotide sequence encoding CYP10969

SEQ ID NO:42 Codon-optimized nucleotide sequence encoding S. grosvenorii
cucurbitadienol synthase

SEQ ID NO:43 Amino acid sequence of S. grosvenorii cucurbitadienol
synthase

SEQID NO:44 Amino acid sequence of S. grosvenorii CYP5491

SEQID NO:45 Nucleotide sequence encoding S. grosvenorii CPR4497

SEQ ID NO:46 Amino acid sequence of S. grosvenorii CPR4497
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SEQ ID NO:47 Nucleotide sequence encoding S. grosvenorii UGT1576

SEQ ID NO:48 Amino acid sequence of S. grosvenorii UGT1576

SEQ ID NO:49 Nucleotide sequence encoding S. grosvenorii UGT SK98

SEQ ID NO:50 Amino acid sequence of S. grosvenorii UGT SK98

SEQ ID NO:51 Nucleotide sequence encoding S. grosvenorii UGT98

SEQ ID NO:52 Codon-optimized nucleotide sequence encoding S. grosvenorii
UGTS8

SEQ ID NO:53 Amino acid sequence of S. grosvenorii UGT98

SEQ ID NO:54 Amino acid sequence of S. cerevisiae squalene epoxidase
encoded by the ERG1 gene

SEQ ID NO:55 Amino acid sequence of S. cerevisiae lanosterol synthase
encoded by the ERG7 gene

SEQ ID NO:61 Nucleotide sequence of S. grosvenorii UGT430

SEQ ID NO:62 Amino acid sequence of S. grosvenorii UGT430

SEQ ID NO:63 Nucleotide sequence of S. cerevisiae EXG1

SEQ ID NO:64 Amino acid sequence of 8. cerevisiae EXG1

SEQ ID NO:65 Nucleotide sequence of S. cerevisiae EXG2

SEQ ID NO:86 Amino acid sequence of S. cerevisiae EXG2

SEQ ID NO:67 Nucleotide sequence of S. grosvenorii UGT1697

SEQ ID NO:68 Amino acid sequence of S. grosvenorii UGT 1697

SEQ ID NO:89 Nucleotide sequence encoding S. grosvenorii UGT11789 (full-
length)

SEQ ID NO:70 Codon-optimized nucleotide sequence “A" of full-length S.
grosvenorii UGT11789

SEQ ID NO:71 Codon-optimized nucleotide sequence "B" of full-length S.

grosvenorii UGT11788
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SEQID NO:72 Amino acid sequence of S. grosvenorii UGT11789 (full-length)
' SEQID NO:73 Nucleotide sequence encoding S. grosvenorii CYP1798
' SEQID NO:74 Amino acid sequence of S. grosvenorii CYP1798
SEQID NO:75 Nucleotide sequence encoding S. cerevisiae TRP1
SEQID NO:786 Amino acid sequence of S. cerevisiae TRP1
SEQID NO:77 Nucleotide sequence encoding S. cerevisiae tHMG1
SEQID NO:78 Amino acid sequence of S. cerevisiae tHMG1
SEQID NO:79 Nucleotide sequence encoding S. grosvenorii Epoxide
hydrolase 2
SEQID NO:80 Nucleotide sequence encoding S. grosvenorii cucurbitadienol
synthase
SEQID NO:81 Codon-optimized nucleotide sequence encoding CYP5491
'SEQID NO:82 Codon-optimized nucleotide sequence encoding CYP4497
SEQID NO:83 Codon-optimized nucleotide sequence encoding UGT1576
'SEQID NO:84 Codon-optimized nuclectide sequence encoding UGT430
SEQID NO:85 Codon-optimized nucleotide sequence encoding CYP1697
SEQID NO:86 Codon-optimized nucleotide sequence encoding CYP1798-li
SEQ ID NO:87 Amino acid sequence of S. cerevisiae ERGY
'SEQ ID NO:88 Amino acid sequence of Gynostemma pentaphylium Squalene
epoxidase
' SEQ ID NO:89 Amino acid sequence of Arabidopsis thaliana Squalene
epoxidase 1
SEQ ID NO:90 Amino acid sequence of Arabidopsis thaliana Squalene
epoxidase 4
' SEQ ID NO:91 Amino acid sequence of Arabidopsis thaliana Squalene
epoxidase 6 '
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SEQ ID NO:92 Amino acid sequence of Arabidopsis thaliana Squalene
epoxidase 5

SEQID NO:93 Amino acid sequence of Arabidopsis thaliana Squalene
epoxidase 2

SEQ ID NO:94 Amino acid sequence of Arabidopsis thaliana Squalene
epoxidase 3

SEQ ID NO:95 Amino acid sequence of Brassica napus Squalene
monooxygenase 1,1

SEQ ID NO:96 Amino acid sequence of Brassica napus Squalene
monooxygenase 1,2

SEQ ID NO:97 Amino acid sequence of Euphorbia tirucalli Squalene
epoxidase

SEQ ID NO:98 Amino acid sequence of Medicago truncatula Squalene
epoxidase

SEQ ID NG9 Amino acid seguence of Medicago fruncatula Squalene
monooxygenase

SEQ ID NO:100 Amino acid sequence' of Ricinus communis Squalene
monooxygenase

SEQ ID NO:101 Amino acid sequence of Ricinus communis Squalene
monooxygenase

SEQ ID NO:102 Amino acid sequence of Ricinus communis Squalene
monooxygenase

SEQ ID NO:103 Amino acid sequence of Ricinus communis Squalene
monooxygenase

SEQ D NO:104 Amino acid sequence of Ricinus communis Squalene
monooxygenase

SEQ ID NO:105 Amino acid sequence of Ricinus communis Squalene

monooxygenase
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[00154] The invention will be further described in the following examples, which do not limit

the scope of the invention described in the claims.

EXAMPLES

[00155] The Examples that follow are illustrative of specific embodiments of the invention and
various uses thereof. They are set forth for explanatory purposes only and are not to be taken

as limiting the invention.
Example 1: Purification of mogroside V

[00156] Mogroside V was purified from commercially available monk fruit extracts (PureLo®,
Swanson). Three bottles of PurelL.o® (240 g) were dissolved in water (300 mL) and loaded on a
column of HP-20 resin (400 g resin). The column was washed with water (2.5 liters) and further
washed with 20% methanol in water. The product was eluted with methanol. After solvent
evaporation and drying under high vacuum, mogroside V (2.5 g} was obtained. The product

was approximately 80% pure, with 11-oxomogroside V being the largest impurity.

Example 2: Enzymatic synthesis of mogrol from mogroside V

[00157] Mogroside V (300 mg) was dissolved in 0.1 M sodium acetate buffer (pH 4.5, 100
ml), and crude pectinase from Aspergillus niger (25 mL, Sigma P2736) was added. The
mixture was stirred at 50°C for 48 h. The reaction mixture was exfracted with ethyl acetate
(2x100 mL). The organic extract was dried under vacuum and subsequently purified with
preparative HPLC. Pure mogrol (40 mg) was obtained, and its structure was confirmed by NMR

and mass spectroscopy. See Figure 5.

Example 3: Enzymatic synthesis of mogrol 3-O-glucoside (mogroside | E1) and mogrol
24-O-glucoside (mogroside | A1) from mogroside V

[00158] Mogroside V (300 mg) was dissolved in 0.1 M sodium acetate buffer (pH 4.5, 100
mL), and crude pectinase from Aspergillus niger (25 mL, Sigma P2736) was added. The
mixture was stirred at 50°C for 6.5 h and subsequently extracted with ethyl acetate (2x100 mL).
The organic extract was dried under vacuum and purified with preparative HPLC. Pure
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mogroside | E1 (11.0 mg) and mogroside | A1 (8.0 mg) were obtained. Their structures were

confirmed by NMR and mass spectroscopy. See Figure 5.

Example 4: In vitro UGT screening and reactions

[00159] UGT73C3 (SEQ ID NO:21), UGT73C5 (SEQ ID NO:22), UGT73C6 (SEQ ID
NO:23), UGT73E1 (SEQ ID NO:24), and UGT85C2 (SEQ ID NO:25) were found to glycosylate
mogrol in vitro. The reaction mixtures included 4X Tris buffer, mogrol (250 uM), UDP-glucose
(750 uM), and 1% alkaline phosphatase. 5 pL of each partially purified UGT enzyme or crude
enzyme exiract was added to the reaction, and the reaction volume brought to 50 pL with water.
The reactions were incubated overnight at 30°C and performed in sterilized 96 well plates. 25
pHL of DMSO were subsequently added into each reaction, and the reaction plates were
centrifuged for 5 min. 40 Pl samples were taken from each well and filtered to be used for LC-

MS analysis.

[00160] UGT73C3 (SEQ ID NO:21), UGT73C6 (SEQ ID NO:23) and UGT85C2 (SEQ ID
NO:25) were found to convert the entire mogrol substrate to mogroside | A1. UGT73C5 (SEQ
ID NO:22) produced both mogroside | E1 and mogroside | A1. UGT73E1 (SEQ ID NO:24)
converted mogrol to mogroside 1 A1 (major product) and a glycosylated mogrol that was neither
mogroside | E1 nor mogroside | A1. The product was caused by a glycosylation event on C11-

OH; the exact mass was shown as a mogroside |.

Example 5: Monk fruit cucurbitadienol synthase

[00161] The CirCS gene codes for cucurbitadienol synthase in monk fruit, and the partial
gene sequence covering 338 of the supposedly 764 amino acid sequence was identified by
doing a tBLASTn (translated nuclectide database) analysis of the assembled data with a query
cucurbitadienol synthase from Cucurbita pepo (accession number BAD34645.1, SEQ 1D NO:1).
The partial CirCS is 97.5% identical to the C. pepo gene at the protein level (SEQ ID NO:2; from
residues 515 to 764 of SEQ ID NO:1).

Example 6: Monk fruit genes encoding P450 enzymes catalyzing formation of mogrol

from cucurbitadienol
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[00162] To identify P450 enzymes catalyzing formation of mogrol from cucurbitadienol, a
tBLASTn (translated nucleotide database) analysis was performed using reassembled
sequencing reads of an S. grosvenorii transcriptome (see Tang et al., BMC Genomics 12: 343
(2011)). E values of 10E-10 or lower were used to identify sequences homologous to the

database query sequences.

[00163] 18 full-length or near full-length genes were identified. The assembled genes were
designated CYP533, CYP937, CYP1798, CYP1994, CYP2048, CYP2740, CYP3404, CYP3968,
CYP4112, CYP4149, CYP4491, CYP5491, CYP6479, CYP7604, CYP8224, CYP8728,
CYP10020, and CYP10285 (see Table 2, SEQ ID NOs: 3-20).

[00164] Full-length synthetic S. grosvenorii gene sequences of CYP533 (SEQ ID NO:3),
CYP937 (SEQ ID NO:4), CYP1798 (SEQ ID NO:5), CYP1994 (SEQ ID NO:6), CYP2740 (SEQ
ID NO:8), CYP4112 (SEQ ID NO:11), CYP4149 (SEQ ID NO:12), CYP4491 (SEQ ID NO:13),
CYP5491 (SEQ ID NO:14, SEQ 1D NO:44), CYP7604 (SEQ ID NO:168), CYP8224 (SEQ 1D
NO:17), and CYP10285 (SEQ ID NO:20) were cloned into yeast expression vectors.

Example 7: Monk fruit genes encoding enzymes catalyzing glycosylation of mogroside Il
E

[00165] To identify monk fruit gene sequences encoding UGTs capable of converting
mogroside Il E into mogroside V, a tBLASTn (translated nucleotide database} analysis was
performed using reassembled sequencing reads of an S. grosvenorii transcriptome (see Tang et
al.,, BMC Genomics 12: 343 (2011)). The genes identified were UGT98 (SEQ ID NO:26),
UGT1495 (SEQ ID NO:27), UGT1817 (SEQ ID NO:28), UGT3494 (SEQ ID NO:29), UGT5914
(SEQ ID NO:30), UGT8468 (SEQ ID NO:31), UGT10391 (SEQ ID NO:32), UGT11789 (SEQ ID
NO:33), UGT11999 (SEQ ID NO:34), UGT13679 (SEQ ID NO:35), and UGT15423 (SEQ ID
NO:386).

[00166]  Of these, UGT98 (SEQ ID NO:26), UGT1495 (SEQ ID NO:27), UGT1817 (SEQ ID
NO:28), UGT5914 (SEQ ID NO:30), UGT8468 (SEQ ID NO:31), and UGT10391 (SEQ ID
NO:32) were synthesized based on contigs made from the publically-available sequence reads
(Tang et al., BMC Genomics 12: 343 (2011)). The genes were inserted into yeast expression

vectors.
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Example 8: Boosting mogrol pathway precursor availability

[00167] To increase the availability of oxidosqualene and dioxidosqualene in yeast, the
promoter of the endogenous ERG7 gene (SEQ ID NO:55) was displaced by a PCR fragment
comprising the Nurseothricin marker (NatMX) and the CUP1T copper inducible promoter. ERG7
expression was thereby decreased when the yeast strain was grown in normal SC medium.
ERG7 encodes lanosterol synthase and lowered expression is known to result in accumulation
of oxidosqualene and dioxidosqualene in bakers yeast. Oxidosqualene is generally the
precursor of triterpencids. To further increase oxidosqualene and dioxidosqualene availability,
the squalene epoxidase encoded by ERG1 (SEQ ID NO:54) was overexpressed, and a
truncated copy of the yeast HMG reductase (tHMG1, SEQ ID NO:77, SEQ ID NO:78) was

expressed.

[00168]  Successful boosting of oxidosqualene and dioxidosqualene production in yeast was
demonstrated by production of tetrahydroxysqualene when either one of two soluble S.
grosvenorii epoxide hydrolases was expressed in this strain. The S. grosvenorii epoxide
hydrolase 1 is set forth in SEQ ID NO:38, and the codon-optimized S. grosvenorii epoxide
hydrolase 1 is set forth in SEQ ID NO:37. The S. grosvenorii epoxide hydrolase 2 is set forth in
SEQ ID NO:40, and the codon-optimized S. grosvenorii epoxide hydrolase 2 is set forth in SEQ
ID NO:39. Figure 6 shows the LC-MS mass peak 501 corresponding to the proton plus Na+
adduct of tetrahydroxysqualene in a sample from a yeast strain transformed with a plasmid
expressing S. grosvenorii epoxide hydrolase 2. Tetrahydroxysqualene is produced by
hydrolysis of 2,3- and 22,23- epoxide bonds of dioxidosqualene. No accumulation of
tetrahydroxysqualene was detected in the background yeast strain. Samples were made by
boiling culture aliquots in 50% DMSO and then pelleting of cell material by centrifugation.

Supernatants were then measured by ESI LC-MS.

Example 9: Production of cucurbitadienol in yeast strain

[00169] Integration of a codon-optimized gene copy of the S. grosvenorii cucurbitadienol
synthase set forth in SEQ ID NO:42 and SEQ ID NO:43 in S. cerevisiae resulted in production
of cucurbitadienol (see Figure 7B). The yeast strain was grown at 30°C for 5 days in SC
medium comprising 2% glucose. Cucurbitadienol was extracted by boiling a culture sample in

50% ethanol/20% KOH for 5 min followed by extraction with an equal volume of hexane. The
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samples were then evaporated with hexane, and the dried exiract was resuspended in

methanol,

[00170] Figures 7A and 7B show LC-MS chromatograms of samples of yeast expressing the
cucurbitadienol synthase set forth in SEQ D NO:42 and SEQ ID NO:43. Figure 7A shows
lanosterol peaks, and Figure 7B shows cucurbitadienol and lanosterol peaks. The peak
corresponding to lanosterol shows a retention time of ~8.05, whereas the peak corresponding to
cucurbitadienol has a retention time of 7.85. Both lanosterol and cucurbitadienol show a mass
in the LC-MS chromatogram of 409.4 (proton adduct minus mass of one H,O molecule).

Example 10: Modification of cucurbitadienol in S. cerevisiae by CYP5491

[00171] Upon transformation of a cucurbitadienol-producing yeast strain (see Example 9)
with a plasmid comprising the S. grosvenorii CYP5491 gene (SEQ ID NO:14, SEQ ID NO:44)
and a plasmid comprising the S. grosvenorii CPR4497 gene (SEQ ID NO:45, SEQ ID NO:46),
three peaks were visible with LC-MS (see Figure 8). The upper frame in Figure 8 shows the
LC-MS chromatogram with these three peaks, while the three lower frames show the
fragmentation spectrum of these three peaks. The masses of the 3 peaks (443.38, 441.37 and
457.36) correspond in weight to proton adducts of hydroxylated cucurbitadienol, oxo
cucurbitadienol and hydroxy plus oxo cucurbitadienol respectively. The hydroxylated
cucurbitadienol (protonated mass 443.38) and oxidized cucurbitadienol (protonated mass
441.37) were 11-hydroxy-cucurbitadienol and 11-oxo-cucurbitadienol, respectively, as
confirmed by NMR (Figure 9).

Example 11: Glycosylation of mogrol in 8. cerevisiae by expression of 8. grosvenorii
UGT98, UGTSK98, and UGT1576

[00172] UGT98, UGTSK98 and UGT1576 genes were synthesized based on contigs made
from publically-available sequence reads (Tang et al, 2011, BMC Genomics 12:343). The
nucleotide and amino acid sequences of UGTY98 are set forth herein as SEQ 1D NO:51 and SEQ
ID NQO:53, respectively, whereas SEQ ID NO:52 corresponds to a codon-optimized version of
UGT98. The nucleotide and amino acid sequences of UGTSKS8 are set forth herein as SEQ ID
NO:49 and SEQ D NO:50, respectively, and the nucleotide and amino acid sequences of
UGT1576 are set forth herein as SEQ ID NO:47 and SEQ ID NO:48, respectively.
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[00173] When a yeast strain deleted of the exo-1,3-beta glucanases EXG1 and EXG2 (to
prevent de-glycosylation of produced mogrosides) was fed mogrol (10-100 yM) and transformed
with a plasmid expressing UGT1576 (SEQ ID NO:47 and SEQ ID NO:48), mogroside | A1 was
formed (Fig 11B). Samples were prepared by mixing a culture aliquot 1:1 with DMSO followed
by boiling (80C) for 5 min and pelleting by centrifugation. The supernatants were then
subjected to ESI LC-MS. Figure 10A shows the LC-MS chromatogram of reference mogroside |
A1, while Figure 10B shows the peak from a yeast sample expressing UGT 1576 in a culture fed
with 50 pM mogrol. These data show that the UGT1576 gene encodes a glycosyltransferase
with mogrol C24-OH UDP-glycosyltransferase activity.

[00174] When UGT98 (SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53) and UGTSK98
(SEQ ID NO:49, SEQ ID NO:50) were cloned into yeast expression plasmids and subsequently
transformed into a yeast strain deleted of the exo-1,3-beta glucanases EXG1 and EXG2, no
conversion of fed mogrol was detected. In contrast, co-expression of UGT98 (SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53) or UGT SK98 (SEQ ID NO:49, SEQ ID NO:50) with UGT1576
(SEQ ID NO:47 and SEQ ID NQO:48) in yeast fed with mogrol resulted in further glycosylation of
mogroside | A1. UGTSK98 co-expressed with UGT1576 resulted in production of di-
glycosylated mogrol (mogroside Il A, Figure 11A), while co-expression with UGT98 resulted in
di- and tri-glycosylated mogrol (middle and lower frames, Figure 11B). The di-glycosylated
mogrol that was formed by both UGT88 and UGTSK98 had a different retention time than
mogroside I E and mogroside |l A1 during LC-MS.

[00175] Thus, both UGT98 and UGTSKS8 were found o be able to catalyze 1,2-
glycosylation of the glucose of mogroside | A1. UGT98 was found to be multifunctional,
catalyzing 1,2-glycosylation of mogroside | A1, resulting in production of mogroside [I A,
followed by a 1,6-glycosylation of mogroside Il A to form mogroside Il A1 (Figure 11B). UGT98
and UGTSK98 belong to the UGT91 family of UDP-glucose glycosyltransferases, and members
of this family are known to be 1,2- and 1,6-glycosyltransferases. Figure 12 schematically

summarizes the glycosylation reactions from mogrol to mogroside 1l A1.

Example 12: Glycosylation of mogrol in S. cerevisiae by expression of S. grosvenorii

UGT430

[00176] UGT430 (SEQ ID NO:61, SEQ ID NO:62) of the 85A UGT family was cloned from
synthetic DNA to obtain a sequence identical to that of S. grosvenorii UGT430. The cloned
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gene was transformed into a yeast strain deleted of EXG1 and EXG2 (to prevent de-
glycosylation of produced mogrosides). The yeast sirain was grown in SC medium minus
tryptophan for selection of plasmid maintenance, and comprising 10 pM mogrol. Cells were
grown for 2 days at 30°C with shaking at 140 rpm. After 2 days, 300 uL culture samples were
mixed with 300 pl of 96% ethanol and incubated for 10 min at 80°C. Then, samples were

centrifuged, and the supernatant was analyzed by LC-MS.

[00177] LC-MS analyses were performed using a Waters Acquity 1-Class UPLC (Waters
Corporation, Milford, MA) with Waters Acquity UPLC ®BEH C18 column (2.1 x 50 mm, 1.7 pm
particles, 130 A pore size) coupled to a Waters Xevo TQD triple quadropole mass spectrometer
with electrospray ionization (ESI) in negative mode. Compound separation was achieved by a
gradient of the two mobile phases A (water with 0.1% formic acid) and B (MeCN with 0.1%
formic acid) by increasing from 20% to 50% B between 0.3 to 2.0 min, increasing to 100% B at
2.01 min, holding 100% B for 0.6 min and re-equilibrating for another 0.6 min. The flow rate
was 0.6 mL/min, and the column temperature 55°C. Mogroside | E1 (m/z 683.5; [M+FA]) was

monitored using SIR (Single lon Recording) and compared with a standard.

[00178] Resulting LC-MS chromatograms are shown in Figure 13. One large peak
belonging to a compound of MW = 683.5 was formed by UGT430 (Figure 13B). The mass of
this peak corresponds to a formic acid adduct of mono-glycosylated mogrol. This product has
the identical retention time of the mogroside | E1 reference compound shown in Figure 13A.
UGT430 glycosylated mogrol efficiently and completely since no fed mogrol remained after the
2-day growth period of yeast expressing UGT430. Thus, the S. grosvenorii UGT430 is the UGT
responsible for glycosylation of the hydroxy group on C- 3 position of the mogrol molecule in the

S. grosvenorii mogroside biosynthetic pathway.

Example 13: Glycosylation of mogrol in S. cerevisiae by expression of S, grosvenorii
UGT1697

[00179] UGT1687 (SEQ 1D NO:67, SEQ 1D NO:68) of the 85A UGT family was cloned from
synthetic DNA to obtain a sequence identical to that of S. grosvenorii UGT1697, The cloned
gene was transformed into a yeast strain deleted of EXG1 and EXG2 (to prevent de-
glycosylation of produced mogrosides. The yeast strain was grown in SC medium minus
histidine for selection of plasmid maintenance, and comprising 10 M mogrol. Celis were grown
for 2 days at 30°C with shaking at 140 rpm. After 2 days, 300 pL culture samples were mixed

49



WO 2016/050890 PCT/EP2015/072645

with 300 pL of 96% ethanol and incubated for 10 min at 80°C. Then, samples were centrifuged,

and the supernatant was analyzed by LC-MS.

[00180] LC-MS analyses were performed using a Waters Acquity I-Class UPLC (Waters
Corporation, Milford, MA) with Waters Acquity UPLC ®BEH C18 column (2.1 x 50 mm, 1.7 ym
particles, 130 A pore size) coupled to a Waters Xevo TQD triple quadropole mass spectrometer
with electrospray ionization (ES!) in negative mode. Compound separation was achieved by a
gradient of the two mobile phases A (water with 0.1% formic acid) and B (MeCN with 0.1%
formic acid) by increasing from 20% to 50% B between 0.3 to 2.0 min, increasing to 100% B at
2.01 min, holding 100% B for 0.6 min and re-equilibrating for another 0.6 min. The flow rate
was 0.6 mL/min, and the column temperature 55°C. Mogroside | E4 (m/z 683.5; [M+FA]) was

monitored using SIR (Single lon Recording) and compared with a standard.

[00181] Resulting LC-MS chromatograms are shown in Figure 14, One large peak
belonging to a compound of MW = 683.5 was formed by UGT1697 (Figure 14B). The mass of
this peak corresponds to a formic acid adduct of mono-glycosylated mogrol. The peak
corresponds to mogroside | A1. See Figure 14A. This result shows that the S. grosvenorii
UGT1697 glycosylates the hydroxy group at the C-24 position of mogrol. UGT1576 also

exhibits C-24 glycosylation of mogrol, as shown in Example 11.

[00182] Moreover, UGT1697 acts on the C-3 position as well, since the presence of
mogroside Il E (containing one glucose on position C-24 and one on C-3) was detected, as
depicted in Figure 14B (retention time of 2.22 min). Thus, UGT1697 glycosylates the C-3 and

C-24 position on mogrol and is part of the S. grosvenorii mogroside biosynthetic pathway.

Example 14: Glycosylation of mogrol and mogrosides in S. cerevisiae by expression of S.
grosvenorii UGT11789, UGT98, UGT430, and UGT1576

[00183]  The full-length sequence for UGT11789 (SEQ ID NO:69, SEQ ID NO:70, SEQ ID
NO:71, SEQ ID NO:72) was cloned from synthetic DNA to obtain a sequence identical to that of
S. grosvenorii UGT11789. A yeast strain deleted of EXG1 and EXG2 was co-transformed with
UGT11789 (SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72), UGT430 (SEQ ID
NO:61, SEQ ID NO:62), UGT1576 (SEQ ID NO:47, SEQ ID NO:48), and UGTS8 (SEQ ID
NO:51, SEQ ID NO:52, SEQ ID NO:53). Separately, a yeast strain deleted of EXG1 and EXG2
was co-transformed with UGT430 (SEQ ID NO:61, SEQ ID NO:62), UGT1576 (SEQ ID NO:47,
SEQ ID NO:48), and UGT98 (SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53). The yeast
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strains were grown in SC medium minus histidine, uracil, tryptophan, and leucine for selection of
plasmid maintenance and comprising 10 pM mogrol. Cells were grown for 2 days at 30°C with
shaking at 140 rpm. After 2 days, 300 pL culture samples were mixed with 300 pL of 96%
ethanol and incubated for 10 min at 80°C. Then, samples were centrifuged, and the

supernatant was analyzed by LC-MS.

[00184] LC-MS analyses were performed using a Waters Acquity |-Class UPLC (Waters
Corporation, Milford, MA) with Waters Acquity UPLC ®BEH C18 column (2.1 x 50 mm, 1.7 um
particles, 130 A pore size) coupled to a Waters Xevo TQD triple quadropole mass spectrometer
with electrospray ionization (ES!) in negative mode. Compound separation was achieved by
gradient | or gradient {l. For gradient i, the initial buffer concentration of 80% mobile phase A
(water with 0.1% formic acid) and 20% mobile phase B (MeCN with 0.1% formic acid) was
increased from to 20% to 40% B between 0.3 to 2.0 min, increased to 100% B at 2.01 min, held
at 100% B for 0.6 min, and re-equilibrated for another 0.6 min. For gradient [, the initial buffer
concentration of 80% mobile phase A (water with 0.1% formic acid) and 20% mobile phase B
(MeCN with 0.1% formic acid) was increased from to 20% to 50% B between 0.3 to 2.0 min,
increased to 100% B at 2.01 min, held at 100% B for 0.6 min, and re-equilibrated for another 0.6
min. For both gradient | and gradient ll, the flow rate was 0.6 ml/min, and the column
temperature 55°C. Mogrol and mogrosides were monitored using SIR (Single lon Recording)
and compared with a commercially available mogroside mixture from plant extract (3W botanical
extract. Inc.). The SIR traces were as follows: mogrol (m/iz 521.4; [M+FA-H]),
mogrol+1Glucose (m/z 683.5; [M+FA-H]), mogrol+2Glucose {(m/z  799.5; [M-H]),
mogrol+3Glucose (m/z 961.6; [M-H]), mogrol+4Glucose (m/z 1123.6; [M-H]) and
mogrol+5Glucose (m/z 1285.66; [M-H]'). Resulting LC-MS chromatograms are shown in Figure

15.

[00185] Figure 15A shows mogroside reference standards and indicates peaks
corresponding to mogroside V and mogroside Il E.  Comparison of Figure 15B and Figure 15C
demonstrates the effect of expression of the UGT11789 codon-optimized sequence A (SEQ ID
NO:70, SEQ ID NO:72). Figure 15B shows that mogroside |l E produced upon co-expression
of S. grosvenorii UGT1576 (SEQ ID NO:47, SEQ ID NO:48) and UGT430 (SEQ ID NO:61,
SEQID NO:62) in an S. cerevisiae strain that was fed mogrol was converted to mogroside V by
co-expression of the multifunctional UGT98 (SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53).
The intensity of the mogroside V peak in Figure 15B was measured to be 8.65E3 (peak ion
intensity in an LC-MS chromatogram). Co-expression of S. grosvenorii UGT1576 (SEQ ID
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NO:47, SEQ ID NO:48), UGT430 (SEQ ID NO:61, SEQ ID NO:62), UGT98 (SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53) and UGT11789 (SEQ 1D NO:70, SEQ ID NO:72) in an S.
cerevisiae strain more efficiently converts fed mogrol to mogroside V, as shown in Figure 15C,
The intensity of the mogroside V peak in Figure 15C was measured to be 2.22E5 (peak ion

intensity in an LC-MS chromatogram).

[00186] This experiment shows that co-expressed S. grosvenorii UGT98 (SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53) and UGT11789 (SEQ ID NO:69, SEQ ID NO:70, SEQ ID
NO:71, SEQ ID NO:72) catalyze each of the glucose-glucose 1,2- and 1,6- attachments
necessary for efficient mogroside V production in yeast. Mogroside Il E can be glycosylated by
UGT11789 to form a mogroside with 3 glucoses attached (Figure 15D). Since UGT11789 is of
the UGT91 family and cannot glycosylate the mogrol core, this glycosylation of mogroside lIE is
by a 1,2-bond or 1,6-bond, and the product of UGT11789 is therefore mogroside Hll or
mogroside [HAZ.

Example 15: Production of mogrol in S. cerevisiae by expression of S. grosvenorii
CYP1798

[00187] CYP1798 was cloned from synthetic DNA to obtain sequence identical to that of S.
grosvenorii CYP1798 (SEQ ID NO:5, SEQ ID NO:74). The nucleotide sequence was codon-
optimized for expression in S. cerevisiae (SEQ ID NO:5). To increase the availability of
oxidosqualene, the promoter of the endogenous ERG7 gene (SEQ ID NO:55) was disrupted to
lower lanosterol synthase expression in an S. cerevisiae strain deleted of the TRP1 gene. To
further increase oxidosqualene availability in S. cerevisiae, the squalene epoxidase encoded by
ERG1 (SEQ ID NO:54) was overexpressed, and a truncated HMG reductase (tHMG1, SEQ ID
NQO:77, SEQ ID NO:78) was expressed. Integration of a codon-oplimized optimized gene
encoding S. grosvenorii cucurbitadienol synthase (SEQ ID NO:42, SEQ ID NO:43) and of a
gene encoding S. grosvenorii CPR4497 (SEQ ID NO:45, SEQ ID NO:46) into the genome of the
S. cerevisiae strain resulted in production of cucurbitadienol detectable by ESI LC-MS (Figure
78).

[00188] Subsequently, the cucurbitadienol-producing S. cerevisiae strain was transformed
with plasmids carrying S. grosvenorii CYP5491 (SEQ ID NO:14, SEQ ID NO:44), S. grosvenorii
CYP1798 (SEQ ID NO:5, SEQ ID NO:73, SEQ ID NO:74), and S. grosvenorii epoxide hydrolase
2 (SEQ ID NO:39, SEQ ID NO:40) and grown in SC medium minus uracil, leucin, histidine, and
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tryptophan for plasmid maintenance. Cells were grown for 4 days at 30°C with shaking at 140
rpm. After 4 days, 300 pL of culture samples were mixed with 300 pL of 96% ethanol and
incubated for 10 min at 80°C. Samples were then centrifuged, and the supernatant was
analyzed by LC-MS. LC-MS analyses were performed using a Waters Acquity I-Class UPLC
(Waters Corporation, Milford, MA) with Waters Acquity UPLC ®BEH C18 column (2.1 x 50 mm,
1.7 pm particles, 130 A pore size) coupled to a Waters Xevo TQD triple quadropole mass
spectrometer with electrospray ionization (ESI) in negative mode. Compound separation was
achieved by a gradient of the two mobile phases A (water with 0.1% formic acid) and B (MeCN
with 0.1% formic acid) by increasing from 20% to 40% B between 0.3 to 3.5 min, increasing to
100% B within 1.0 min, holding 100% B for 1.0 min, and re-equilibrating for another 0.6 min.
The flow rate was 0.6 mL/min, and the column temperature 55°C. Mogrol (m/z 521.4; [M+FA-
H]') was monitored using SIR (Single lon Recording) and compared with a standard.

[00189] Expression of S. grosvenorii cucurbitadienol synthase (SEQ ID NO:42, SEQ ID
NO:43), CYP5491, CYP1798 (SEQ ID NO:5, SEQ ID NO:74), CPR4497 (SEQ ID NO:45, SEQ
ID NO:46), and epoxide hydrolase 2 (SEQ ID NO:39, SEQ ID NO:40) resulted in production of
mogrol (Figure 16). Expression of CYP5491 alone in cucurbitadienol producing strain is shown
in Figure 8. Peaks of 11-hydroxy-cucurbitadienol (mass 443) and 11-oxo-cucurbitadienal (mass
441) are shown. Mogrol was only efficiently produced upon co-expression of CYP1798 with
gpoxide hydrolase 2. Thus, CYP1798 catalyzes the epoxidation of the 24-25 carbon double

bonds of cucurbitadienol and/or 11-hydroxy-cucurbitadienol.

Example 16: Production of Mogroside V in S, cerevisiae

[00190] Mogroside V was produced in an EXG1 (SEQ ID NO:63, SEQ ID NO:64) knockout,
Mat alpha derivative of S. cerevisiae S288C. S. grosvenorii cucurbitadienol synthase (SEQ ID
NO:42, SEQ ID NO:43), CYP5491 (SEQ ID NO:81 , SEQ ID NO:44), CYP1798 (SEQ ID NO:5,
SEQ ID NO:74), CYP1798-1l (SEQ ID NO:86, SEQ ID NO:74), CPR4497 (SEQ ID NO:82, SEQ
ID NO:48), epoxide hydrolase 2 (SEQ ID NO:39, SEQ ID NO:40), UGT1576 (SEQ ID NO:83,
SEQ ID NO:48), UGT430 (SEQ ID NO:84, SEQ 1D NO:62), UGT1697 (SEQ ID NO:85, SEQ 1D
NQ:68), UGT98 (SEQ ID NO:52, SEQ ID NO:53), and UGT11789 (SEQ ID NO:71, SEQ ID
NQ:72) were integrated in expression cassettes flanked by growth selection markers into the S.
cerevisiae strain by homologous recombination in actively transcribed chromosomal regions.
Codon-optimized S. grosvenorii cucurbitadienol synthase (SEQ 1D NO:42, SEQ 1D NO:43),
CYP1798 (SEQ ID NO:5, SEQ ID NO:74), CPR4497 (SEQ ID NO:81, SEQ ID NO:46), and
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UGT98 (SEQ ID NO:52, SEQ ID NO:53) were synthesized by Genscript. Codon-optimized
CYP5491 (SEQ ID NO:81, SEQ ID NO:44), UGT1576 (SEQ ID NO:83, SEQ ID NO:48),
UGT430 (SEQ ID NO:84, SEQ ID NO:62), and UGT11789 (SEQ ID NO:71, SEQ ID NO:72)
were synthesized as S. cerevisiae gBlocks® gene fragments (Integrated DNA Technologies).
Codon-optimized CYP1798-11 (SEQ ID NO:86, SEQ ID NO:74) and UGT1697 (SEQ ID NO:85,
SEQ ID NO:68) and native CPR4497 (SEQ ID NO:45, SEQ 1D NO:46) were synthesized as
GeneArt® Strings™ DNA Fragments (Life Technologies). Codon-optimized epoxide hydrolase
1 (SEQ ID NO:37, SEQ ID NO:38) and epoxide hydroase 2 (SEQ ID NO:39, SEQ ID NO:40)
were synthesized by DNAZ2.0.

[00191] The S. cerevisiae strain was grown for 5 days in SC medium at 30°C. The culture
was then frozen with liquid nitrogen, and the residue was concentrated to near dryness. The
residue was re-suspended in 50% (v/v) ethanol and heated to 55°C for approximately 30 min.
Afterwards, the suspension was centrifuged for 15 min at 4400 rpm and 4°C. The supernatant
was filtered using a 0.22 um SterilFlip filter (Millipore). Figure 17 shows an LC-MS
chromatogram of the mogroside V-producing strain after filtration. The crude product was then
separated on a semi-preparative Agilent 1200 HPLC system. The system was equipped with a
Synergi 4u Hydro RP 80A column (Phenomenex: column dimension 250 x 21.2 mm, 4 micron).
Elution was carried out using a mobile phase of eluent B (Acetonitrile with 0.02% trifluoroacetic
acid) and eluent A (water with 0.02 % trifluocroacetic acid) by increasing the gradient linearly
from 5% to 8% B from min 0.0 to 2.0, increasing linearly from 8% to 25% B from min 2.0 to 12.0,
25% to 50% B from min 12.0 to 20.0, 50% to 100 % B from min 20.0 to 32.0, and finally washing
with 100% B and re-equilibrating. A flow rate of 15 mL/min was used for the separation, which
was conducted at room temperature. All fractions were analyzed by LC-MS, and fractions

comprising a single mogroside compound were pooled and dried under vacuum.

[00192] The combined fractions were utilized for NMR analysis. All NMR experiments were
performed in DMSO-d6 at 25°C using a Bruker Avance [l 600MHz NMR spectrometer 15
equipped with a 1.7 mm cryogenic TCI probe. The structures were solved by standard homo-
and heteronuclear multipulse NMR experiments, namely 'H,'"H-COSY, 'H,®C-HSQC, and
'H,”C-HMBC experiments. Purified mogroside peaks from the S. cerevisiae production strain
were confirmed to be mogroside | E1, mogroside Il A2, mogroside IV A, and the major product,
mogroside V. Figure 18A shows an NMR-elucidated structure, 'H NMR spectrum, and 'H and
C NMR chemical shifts (in ppm) for mogroside V. Figure 18B shows an NMR-elucidated
structure, '"H NMR spectrum, and 'H and *C NMR chemical shifts (in ppm) for mogroside 1} A2.
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Figure 18C shows an NMR-elucidated structure, 'H NMR spectrum, and 'H and *C NMR
chemical shifts (in ppm) for mogroside IV A. Figure 18D shows shows an NMR-elucidated
structure, 'H NMR spectrum, and 'H chemical shifts (in ppm) for mogroside 1 E1.

[00183] Table 3: Sequences disclosed herein (see also Table 2).

SEQ ID NO:1
Cucurbita pepo protein sequence

Met Trp Arg Leu Lys Val Gly Ala Glu Ser Val Gly Glu Glu Asp Glu
1 5 10 15

Lys Trp Val Lys Ser Val Ser Asn His Leu Gly Arg Gln Val Trp Glu
20 25 30

Phe Cys Ala Asp Ala Ala Ala Asp Thr Pro His Gln Leu Leu Gln Ile
35 40 45

Gln Asn Ala Arg Asn His Phe His His Asn Arg Phe His Arg Lys Gln
50 55 60

Ser Ser Asp Leu Phe Leu Ala Ile Gln Tyr Glu Lys Glu Ile Ala Lys
65 70 75 80

Gly Ala Lys Gly Gly Ala val Lys Val Lys Glu Gly Glu Glu Vval Gly
85 90 95

Lys Glu Ala val Lys Ser Thr Leu Glu Arg Ala Leu Gly Phe Tyr Ser
100 105 lio

Ala Val Gln Thr Arg Asp Gly Asn Trp Ala Ser Asp Leu Gly Gly Pro
115 120 125

Leu Phe Leu Leu Pro Gly Leu Val Ile Ala Leu His Val Thr Gly Val
130 1358 140

Leu Asn Ser Val Leu Ser Lys His His Arg Val Glu Met Cys Arg Tyr
145 150 185 160

Leu Tyr Asn His Gln Asn Glu Asp Gly Gly Trp Gly Leu His Ile Glu
165 170 175

Gly Thr Ser Thr Met Phe Gly Ser Ala Leu Asn Tyr Val Ala Leu Arg
180 185 180

Leu Leu Gly Glu Asp Ala Asp Gly Gly Asp Gly Gly Ala Met Thr Lys
185 200 205

Ala Arg Ala Trp Ile Leu Glu Arg Gly Gly Ala Thr Ala Ile Thr Ser
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210 215 220

Trp Gly Lys Leu Trp Leu Ser Val Leu Gly Val Tyr Glu Trp Ser Gly
225 230 235 240

Asn Asn Pro Leu Pro Pro Glu Phe Trp Leu Leu Pro Tyr Ser Leu Pro
245 250 255

Phe His Pro Gly Arg Met Trp Cys His Cys Arg Met Val Tyr Leu Pro
260 265 270

Met Ser Tyr Leu Tyr Gly Lys Arg Phe val Gly Pro Ile Thr Pro Lys
275 280 285

Val Leu Ser Leu Arg Gln Glu Leu Tyr Thr Ile Pro Tyr His Glu Ile
290 285 300

Asp Trp Asn Lys Ser Arg Asn Thr Cys Ala Lys Glu Asp Leu Tyr Tyx
305 310 315 320

Pro His Pro Lys Met Gln Asp Ile Leu Trp Gly Ser Ile Tyr His Val
325 330 335

Tyr Glu Pro Leu Phe Thr Arg Trp Pro Gly Lys Arg Leu Arg Glu Lys
340 345 350

Ala Leu Gln Ala Ala Met Lys His Ile His Tyr Glu Asp Glu Asn Ser
355 360 365

Arg Tyr Ile Cys Leu Gly Pro Val Asn Lys Val Leu Asn Met Leu Cys
370 375 380

Cys Trp Val Glu Asp Pro Tyr Ser Asp Ala Phe Lys Leu His Leu Gln
385 3580 385 400

Arg Val His Asp Tyr Leu Trp Val Ala Glu Asp Gly Met Arg Met GIn
405 410 415

Gly Tyr Asn Gly Ser Gln Leu Trp Asp Thr Ala Phe Ser Ile Gln Ala
420 425 430

Ile Val Ala Thr Lys Leu Val Asp Ser Tyr Ala Pro Thr Leu Arg Lys
435 440 445

Ala His Asp Phe Val Lys Asp Ser Gln Ile Gln Glu Asp Cys Pro Gly
450 455 460

Asp Pro Asn Val Trp Phe Arg His Ile His Lys Gly Ala Trp Pro Leu
465 470 475 480

Ser Thr Arg Asp His Gly Trp Leu Ile Ser Asp Cys Thr Ala Glu Gly
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485 490 495

Leu Lys Ala Ser Leu Met Leu Ser Lys Leu Pro Ser Thr Met Val Gly
500 505 510

Glu Pro Leu Glu Lys Asn Arg Leu Cys Asp Ala Val Asn Val Leu Leu
515 520 525

Ser Leu Gln Asn Asp Asn Gly Gly Phe Ala Ser Tyr Glu Leu Thr Arg
530 535 540

Ser Tyr Pro Trp Leu Glu Leu Ile Asn Pro Ala Glu Thr Phe Gly Asp
545 550 555 560

Ile Val Ile Asp Tyvr Pro Tyr Val Glu Cys Thr Ala Ala Thr Met Glu
565 570 575

Ala Leu Thr Leu Phe Lys Lys Leu His Pro Gly His Arg Thr Lys Glu
580 585 590

Ile Asp Thr Ala Ile Gly Lys Ala Ala Asn Phe Leu Glu Lys Met Gln
595 600 605

Arg Ala Asp Gly Ser Trp Tyr Gly Cys Trp Gly Val Cys Phe Thr Tyr
610 615 620

Ala Gly Trp Phe Gly Ile Lys Gly Leu Val Ala Ala Gly Arg Thr Tyr
625 630 635 640

Asn Ser Cys Leu Ala Ile Arg Lys Ala Cys Glu Phe Leu Leu Ser Lys
645 650 655

Glu Leu Pro Gly Gly Gly Trp Gly Glu Ser Tyr Leu Ser Cys Gln Asn
660 665 670

Lys Val Tyr Thr Asn Leu Glu Gly Asn Lys Pro His Leu Val Asn Thr
675 680 685

Ala Trp val Leu Met Ala Leu Ile Glu Ala Gly Gln Gly Glu Arg Asp
690 695 700

Pro Ala Pro Leu His Arg Ala Ala Arg Leu Leu Met Asn Ser Gln Leu
705 710 7158 720

Glu Asn Gly Asp Phe Val Gln Gln Glu Ile Met Gly val Phe Asn Lys
725 730 735

Asn Cys Met Ile Thr Tyr Ala Ala Tyr Arg Asn Ile Phe Pro Ile Trp
740 745 750

Ala Leu Gly Glu Tyr Cys His Arg Val Leu Thr Glu
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755 760
S5EQ ID NO:2
Siraitia grosvenorii protein sequence

Leu Glu Arg Asn Arg Leu Cys Asp Ala Val Asn Val Leu Leu Ser Leu
1 5 10 15

Gln Asn Asp Asn Gly Gly Phe Ala Ser Tyr Glu Leu Thr Arg Ser Tyr
20 25 30

Pro Trp Leu Glu Leu Ile Asn Pro Ala Glu Thr Phe Gly Asp Ile Val
35 40 45

Ile Asp Tyr Pro Tyr Val Glu Cys Thr Ser Ala Thr Met Glu Ala Leu
50 55 60

Thy Leu Phe Lys Lys Leu His Pro Gly His Arg Thr Lys Glu Ile Asp
&5 70 75 80

Thr Ala Ile Val Arg Ala Ala Asn Phe Leu Glu Asn Met Gln Arg Thr
85 90 95

Asp Gly Ser Trp Tyr Gly Cys Trp Gly Val Cys Phe Thr Tyr Ala Gly
100 105 110

Trp Phe Gly Ile Lys Gly Leu Val Ala Ala Gly Arg Thr Tyr Asn Asn
115 120 125

Cys Leu Ala Ile Arg Lys Ala Cys Asp Phe Leu Leu Ser Lys Glu Leu
130 135 140

Pro Gly Gly Gly Trp Gly Glu Ser Tyr Leu Ser Cys Gin Asn Lys Val
145 150 155 160

Tyr Thr Asn Leu Glu Gly Asn Arg Pro His Leu val Asn Thr Ala Trp
165 170 175

Val Leu Met Ala Leu Ile Glu Ala Gly Gln Ala Glu Arg Asp Pro Thr
180 185 190

Pro Leu His Arg Ala Ala Arg Leu Leu Ile Asn Ser Gln Leu Glu Asn
185 200 2056

Gly Asp Phe Pro Gln Gln Glu Ile Met Gly Val Phe Asn Lys Asn Cys
210 215 220

Met Ile Thr Tvr Ala Ala Tyr Arg Asn Ile Phe Pro Ile Trp Ala Leu
225 230 235 240
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Gly Glu Tyr Cys His Arg Val Leu Thr Glu

SEQ ID NO:3

245

250

Siraitia grosvenorii nucleotide seguence

atggaactct
60
gctcteatee
120
geceggtggeyg
180
cataaaacct
240
atgcatacag
300
gacagaatct
360
accatgtttg
420
cttcaactece
480
cagacttcga
540
aaagtgttgg
600
atggtggteyg
660
aaggcgttga
720
cttttaagat
780
ctggacgagg
840
ctggagacygy
500
gaactatccg
960
ggtggatteg
1020
gaagaggtat
1080
gtggaagagt
1140
cgtttgtacc
1200
tctggetacce
1260
gatccacttyg
1320

tetctaccaa
ggctattatc
cctggecact
tggcgaacat
ctttggttat
ttgecotoecy
ggttecageca
tctcaaacca
ttaagaaact
tggagatgaa
gaaagcgatt
gggattctet
ggttggattt
tgcttgataa
aggagcacga
gectacgatge
acactacaca
taaaaaaggce
cogatgttaa
cttcagegee

acatctttte

catgggagga

aactgeagcc
tggaagattc
gatcggecat
ggcggacdcec
gagcagttgg
ccceatagtce
atatggtcca
cecgeeotegayg
gtacgagttyg
gacgtggttc
ctcgactget
tgaatggttt
gggaggatat
atggctcaaa
cttecatgeac
cgatacagtc
agtaactatg
ccaacttgaa
aaatctgtta
aatctcgaca
agggacgcgt

tccatgtgac

59

gagatcatcg
agctctcaac
ctccatctee
tacggaccag
gaaatagecga
actgcoctcaa
ttctggegec
cagctccaac
tgggtcaaca
ggaggcataa
ttcgaaggca
ggggeatteg
gagaaggcga
gagcatcage
gtgatgectgt
acaaaagcta
acatgggcte
ctagacgaac
tatetecagg
tttcatgagy
ttgatggtga

tttecgaccgy

PCT/EP2015/072645

ctgttgtectt
agaagagact
taggtgggte
tttttacgtt
gagagtgett
agctteteac
atatgcgceaa
acatcagaat
gcagaaataa
cottgaacac
gtggtggcga
ttcegteaga
tgaagaagac
agaggagaaa
ctattgttaa
catgtttgaa
tttetttget
aagttggaag
ccatcgtgaa
ccatggaaga
atcttcaaaa

agagatttct

gtttttcotac
gccacctgaa
ggaacctgcea
gaaactggge
tactaaaaac
ctataaccat
aatagocacyg
atcggaggtc
tggaggcgag
catattcagg
acggtatcgg
ttcattceocecyg
ggcgagtgtyg
ctcecggtgaa
ggatgatgaa
tttaatagtt
tctecaacaat
agagaggttt
ggaaactttyg
ttgeactgtt
gcttcaaaga

gacaactcat
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aaggatttcg
1380
atatgccctg
1440
catgggtttyg
1500
ctaacgagta
1560
gtttatgagt
1572

SEQ ID NO:4

atcttagagg
goatctogtt
acattggaag

ttaaaacaac

acatagtcct

tgecattcaa

geccatcteat

tcecacttgag

caattgatac

gttttgeate

gaaccaatcyg

gttgttttag

Siraitia grosvenorii nucleotide SEQUENCE

atgeccgatog
60
tatgattggt
12¢
gttgttgtat
180
gacaagggayg
240
gaccttggca
300
ttggaagcta
360
aagcttcetag
420
gagttttcaa
480
tctgtaaccea
540
catagatcga
600
aggcagogta
660
cgcaacgcaa
720
ttaaatctca
780
gatgatcgcee
840
getgctgtge
900
gogcaageag
960
gcattgaagt
1020
ttgctgataa
1080

cagaaggtge
tcttagagea
cagatcccat
tgctitgetga
cttggaagea
tgaccaaagt
gagaaggtga
gtttggetet
aagaatcteo
ctttetatat
aattccatgyg
gagaaacccg
aggatgccag
agettaggga
ttacatgggce
agattgattt
acatcagact

gacgagcotot

agtctcotgat
tggatctgtt
tgtggcaaga
tattttagaa
gaggagacga
atttgocaat
actacaggag
tgatatcatt
ggtgattaag
cccatattgy
tgaccttaag
agacgaaacg
tettttgegt
cgatctgatg
tgtttttttg
ggttcttgge
tatcgttgea

caaatcagat

60

ttgtttggte
tataaacttg
tatattette
ccgataatgy
gttattgcte
tgttecagaac
aataaaacca
ggactcggtg
getgtatatyg
aaagtacctt
gttattaatg
gatgttgaga
ttcttagttg
acgatgctta
cttgcacaaa
atggggaggc
gagactctte

atattaccag

PCT/EP2015/072645
catttgggag tggtcgaaga
ttacgcttge aaatctactt
atatgcagga gagtaaagga
cteoccacgect tgctgctcaa

ga
goccacteott ctttgcacta
cotttggace  aaaagccettt
gagaaaatge  atttggttat
gtaaaggact  aataccaget
caggattceca tgecttgtac
gatcaatatt gaaattggag
ttgagttgga tatggaagca
ttttecaacta tgattttggt
ggactcotttt tgaagcagaqg
tggcaaggtg gatagtcocca
agtgtottga tggcctaata
aattgeagca  aagggactac
atatgcgggg agctgatgtt
ttgctggecca tgaaacaact
atcectteaaa aatgaaaaaa
caacttttga  atcatttaaa
gttbgtttec tcagcctecea
gaggatacaa tggtgacaaa
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actggatatg caattcctgce
1140
tctecectact tctgggataa
1200
geaagcgagy gaattgaagy
1260
tacccgaatyg agattgtage
1320
tgtgtgggag atcaatttge
1380
aagtttgatg tggagctaaa
1440
atacatacca aaagtgggtt
1497

SEQ ID NOG:5

agggactgac
tecteoaagaa
atgggatggt
agacttttce
tctaatggag

aggaagtcca

gtggtgcaaa

atcttecatct
tttgaaccag
ttcgacceat
ttettaccat
tcaactatag

gaatctgtag

ctgagaagaa

Codon-optimized DNA sequence encoding CYP1798

atggaaatgt
60
gtaggtgtag
120
agattgagag
180
gaaagagotyg
240
ggtccaagag
300
atgtggttag
360
tttacttitgg
420
gatggtatcg
480
gecattccatt
540
atcgtcaacy
600
ccttatttge
660
gaagaaggta
720
gettttggtyg
780
aaggaaatta
840
gcaatggaag
900
toctaacgaaa
960

cctcaagtgt
gttggagagt
aacaaggttt
caatggaaga
ttttcectte
gtceataccce
tctacgacat
ttacacatga
tggaaaagtt
aatgggaaag
aaaatttgge
aaatgatctt
tttatattcce
atagaaaaat
aaggtgaagce

tccaaggtga

cgeagocaca
cgtaaattgg
ggccggtaat
acaagcaaat
aatgtacaag
tagagtccecac
tcaaaageca
aggtgaaaag
gaaggatatyg
attgatttca
cgctgacgeco
ccaattgttg
aggttggaga
caagtctttg
cggtcaatet

aggtaataac

61

atcagtatet
gtttggttga
tcttacagat
tcaaagecta
accatccaaa
atcatggatc
aatttgaacc
tgggctaage
atacctgett
aaagaaggtt
atttcaagaa
aaggaattga
ttettgoeta
ttgttgggta
gatttgttgg

aaggaagatg

PCT/EP2015/072645

ctgtttacaa
agagatttca
ctagaagcoc
ttggtggagg
cattggcceat

aactagttac

gatcacaagt

ggatggtogt
gaccaaagaa
tgttgttegg
tasacttctc
actacggtaa
cacaacaatt
ctttgattaa
acagaaagat
tctttecacte
cctgocgaatt
ccgeottttgg
ctgatttggt
caaagagtaa
tcattaacaa
gtatattaat

gcatgtectat

tctocacaga
agtaaagagg
tggagctcta
cectagaaaa
gttactgecag
tggagccaca

aaactga

cgtatgtatce
attggaaaag
tgacttgaag
ccatgacatco
aaactectac
gaagaccgtt
attcttgtta
tattaaccca
atgtaatgaa
ggatgtaatg
ttcttecatac
tgtcaaggta
caacaaaatyg
gagacaaaag
ggaaagtaat

tgaagacgtc
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atcgaagagt gtaaggtatt
1020
tggactatga tattgttgte
1080
ttgaaggtat ttggtaataa
1140
actatgatcet tgaacgaagt
1200
atccaaaagy aaacaagagt
1260
cctatcatet tgatacatag
1320
ccagaaagat tcagtaaagg
1380
tttggttggyg gtcctagaat
1440
gecattgagtt tgatcttgca
1500
ccaactgteg tecttecactac
1560
tga
1563

SEQ ID NO:é6

ttatataggt
cagtcataca
gaaaccagat
tttaagattyg
tggtaaatta
agatcacgac
tgtttotaag
ttgcatgggt
aagattttot

acaaccacad

ggtcaagaaa
gaatggcaag
ttegacggtt
tacccacctyg
accttgecag
ttgtggggty
gcagccaaaq
caaaacttcy
ttcgaattgt

cacggtgece

Siraitia grosvenorii nucleotide sequence

atggaaccac
60
ggtgtcattyg
120
cgaaagggtc
180
ctecteggag
240
ccaatettot
300
gegaaacaght
360
ggaaaactcc
420
cgcaacatge
480
agagacgtte
540
gaaagaagag
600
actatgaatc
660
gtagacgagy
720

aaccaagtgc
ccattatttt
cgaagoogeo
gacctgaact
cgatcogget
tattaaccaa
tgggctacaa
graagataac
gagcgtcaga
acggtcacga

tgattctegg

aagaggcgog

ggaattcaac
ctteceogtttt
aaaagtagcc
gecccatgte
gggtgtccac
ceatgacgte
ctacgcegtg
cacgraagag
agtgaaccaa
ccaagceetty
agtcatcogee

acggagccat

62

tggaatcaca
ctecgteaaaa
ggagggtgge
aaactgggtyg
tcogeegteg
googtetett
tttggttteg
cttctatcca
ggcataaaayg
gtggaactgce
gggaaaaggt

aaagcattga

PCT/EP2015/072645

ctacagcaag
aaagagccag
tgtcaagatt
cttcecatgtt
caggtgttat
aagatgctaa
tccaaccage
ctatgatcga
cttecatccta

acatcgtttt

gcoctaagcac
gagtcaccygg
ctctaattgyg
gtttggctga
tgataaacaqg
coogeoooca
gaccctacgyg
atagcagaat
agctctacca
agcagtgggt
tetttggage

aggagttgtt

attattgatce
aaccgaagtce
gaaggtagtt
gacaagaatc
cttgataatg
cgagtttaaa
ctttttecceot
agctaagatyg
cgttcatgea

gagaaagtta

cgtegetate
cgeeggtgayg
ccacctecct
taaatatggt
ttgggaggeg
aatgctegge
ctettactgg
ccagetocta
gcactggaaa
cggggacttyg
tgcagcaacg

acattatatg
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gggcttttte tactgggtga tgctgtteca
780

gtgaaggcga tgaagaaaac ttcaaaagaa
840

gagcacaaga aggaaggacc caagaaagat
900

gttctcaatg aaacatccga tgttctttca
960

atcatcaaayg ctacatgtat gacgatggtt
1020

gtgatatggyg caatctoget gctgctgaat
1080

gaactggaag cccatateygy cocgagacaga
1140

gtgtatttge aggcagtegc gaaggagaca
1200

tttegtgaaa ccacagagga tgtcaccatc
1260

ctgttegtga acgtggggaa gatccacaga
1320

ttcaaaccgg agaggttict gacgacccac
1380

gagcekcatcece cttteggggyg aggaagaaga
1440

atgctacage ttattttggg taaactgctt
1500

geogecgtty atatgaccgyg atccattgga
1560

gtgctcatca cococogogett

1602

5EQ ID NO:7

Siraitia grosvenorii DNA sequence

atggagactce
60
gttgtcctet
120
teatcagaag
180
ctgggtctge
240
ctectecact
300
atcatgaaga
360
attctttacg
420
aaaagcgttyg
480

ttettettea
ttagottect
cctecaccoce
atccccacat
tcggeagcaa
cccacgacct
gctocaaaga

gegtgettea

tcttecaateg
gttectgete
ttcteeacca
caccctogga
gcceccaccate
cgtettegee
tttagcegea

tcttttgage

tatctaggat
ttggaccogta
cataaagact
gataagaccc

ttaggaggga

aatcgcecotyg
gaactggagg
ttgcggetgt
gacggattoc
gatgggaagg
aaagattttyg
togtgeeetg
caggcttttg

ctgacgaaca

gectettteg

63

ttatttcate
cagaaatggt
aagcttecca
goectacgetce
gtoegtotett
aaccgtecta
tctecttacy

aacaaaagyg

PCT/EP2015/072645

ggttggacgt
tgttaacaca
tecatggacgt
atggcttega
gtgatacgac
cgttgagaaa
aatcggatct
acgygagcecgg
atgtcogagaa
tgtggcegga
atctgaaggy
gaatgtettt
atatatcgac

tgaaagccac

ctttacgatt

caatttectt
tactgacacy
tetteggaca
googetatgg
ctgoogaaat
aatcaageat
gcgaatactg

ttcaatcocctt

cggcggeeat
gtggttggag
gatgctttca
tgctgatacce
ggcggtggtt
agtgcaagaa
cggtaagcecta
aggecctttte
agggacatgyg
gocaacggag
ccageggttt
tgggctcocaa

gecgggggac

tecattggaa

ga

cactggtttco
tccaaactot
cctibctaaac
cecctetetto
cgctogegat
cagogaaaay
gaggcagatg

tcgetetgte
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agagaagaag
540
ttaagcgaaa
600
aagtatggeg
660
gtattgggaa
720
agtgggctygg
780
gtgatcgaag
840
ttggtggatg
900
gatagcataa
960
gtgttggagt
1020
agggaggtca
1080
atgecattact
1140
ctegteccea
1200
acccgggtta
1236

SEQ ID NO:8

aagtcgaact gatgatccag
tattctcectgg  actgacgaac
tgggagaaga  cggaaagaag
gtttcagtac gagagacttc
acgccaaage cgagagggta
atcacatcca tctaaacaaqg
tgctgctttg tgtacagaga
aagctttaat cttggacatyg
gggcaatgte ccaactgttyg
gagaaatage  aggtgagaaa
tgaaggcagt aatcaaagaa
gagaatcaac ccaagacate
tgatcaatge

Siraitia grosvenoril DNA sequence

atgtcgatga
60
getttaacta
120
gtttccatte
180
cgecogoogoa
240
ggcageatgyg
300
ttaaacgcca
360
aacccogacg
420
gagtcegett
480
tggeggacee
540
tcocecagtoce
600

gtagtgaaat
aagaaaacat
tocactgggce
geaattccac
gottgatgge
cecgecteoat
tecgocaaaga
actecttgat
tccgocogeat

agcgecgoca

tgaaagcecto
cctetggtot
ccatcocogggc
cgecgotget
cgacttggee
ggeetttteg
gattctecaac
gttcaaccge
cgetteccac

aatecgettec

64

PCT/EP2015/072645
aagatccaac agaacccccet atcagttaat
gacatagttt  gcagggtggc  tttagggaga
tteccggtcete ttectgotgga gtttggggaa
atccegtgge tgggttggat tgatcgtatc
gocaaagage  togatgettt ctttgacaga
agagagaata atcccgatga — geagaaggac
gaagactcca tcgggtttee cottgagatg
tttgoctgoag geacagacac  gacatacacg
agacacccayg  aagcgatgaa  gaaactgcag
gaacacgtaa gtgaggatga - tttagaaaag
acgctgcgge tacacccacc aatcccacte
aggttgaggyg ggtacgatat cagaggcggc

atgggccateo ggaaga
tgggtttteg cgetggette taaatgcetet
ttactectitet ttttectaat ctgggtttet
ggccoggett ggggeocgeta ctggtggoge
attecccocggeo cgagaggect cocecocectegto
caccaccgga ttgecogeegt ggctgactoc
cteggegaca ctegeogtgat cgtcacatgce
agectccecotet togecgaccyg coccgttaag
gececattgggt tcgeococcoecta tggecctttac
cacctctict geooccaagea aatcaagtcc
caaatggtcg caatgttege aaaccgegat



WO 2016/050890 PCT/EP2015/072645
gccacacaga gcectotgegt tcgegactet ctcaagocggyg cttctcteaa caacatgatyg
€60
ggctetgttt tcggecgagh ttacgaccte tectgactogyg ctaacaatga cgtccaagaa
720
cteccagageco tocgteogacga aggctacgac ttgectgggece tectcaactyg gtccgaccat
780
ctcececatgge tcgecgactt cgactctcag aaaatceggt tcagatgetce ccgactogte
840
cccaaggtga accacttoegt cggocggateo atcgoegaac accgogecaa atccgacaac
900
caagtecctag atttcgtega cgttttgete tctetcecaag aagccgacaa actctotgac
960
tccgatatga tcgeegttet ttgggaaatg atttttegtyg ggacggacac ggtggcagtt
1020
ttaatcgagt ggatactgge caggatggta cttecacaacy atatccaaag gaaagttcaa
1080
gaggagctag ataacgtggt tgggagtaca cgegecgteg cggaatccga cattecegteg
1140
ctggtgtate taacggctgt ggttaaggaa gttctgaggt tacatccgee gggcccacte
1200
ctgtegtggg ccogectage catcactgat acaatcatcg atgggcatca cgtgececogy
1260
gggaccaccg ctatggttaa catgtggteg atagecgeggg acccacagqgt ctggteggac
1320
ccactecgaat ttatgcecceca gaggtttgtyg tcocgacceoeyg gtgacgtgga gttcteggte
1380
atgggttegyg atctccocgget ggctecocgtto gggtcecgggca gaaggaccty ccoocgggaayg
1440
geettogoct ggacaactgt caccttctgg gtggecacge ttttacacga cttcaaatgg
1500
tegeegteoy atcaaaacga cgccgtegac ttgtecggagyg tecteaaget ctectgegayg
1560
atggccaatc ccetecacegt taaagtacac coaaggegea gtttaagett ttaa
1614
SEQ ID NO:9S
Siraitia grosvenorii DNA segquence
atggatggtt ttcttocaac agtggcggeyg agcgtgectyg tgggagtggg tgcaatattyg
60
tgcacggegt tgtgcgtegt cgtgggaggy gttttggttt atttctatgy accttactgyg
120
ggagtgagaa gggtgectagy tecaccaget atteccactgg teggacatct teecttgetyg
180
gctaagtacy geecagacgt tttectetgte cttgeccacce aatatggccce tatctteagyg
240
ctccatatgg gtaggeagoce attgataatt atagcagacc ctgagcotttg taaagaagct
300
ggtattaaga aattcaagga catcccaaat agaagtgtcc cttctocaat atcagottco
360

65
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cctetteate agaagggtcet
420
acgatattat cggtetatca
480
atcattgaaa ctgcaactea
540
aatetectece tcaaattgac
600
gggctctota atccacagge
660
gacgaagttt cagacttcat
720
ttatcaggtt ccttetcaat
780
agacaagtce tasagagaat
8B40
aaattaagtyg gtcggettaa
800
tcaaaagact tettateget
960
gtecttecacte cagactacat
1020
accacggegt ttacgttgte
1080
aagaagttgce tagaagagat
1140
gatcttecatce agaagtttcce
1200
actgtttcce ctctagtage
1260
cttecaaagy ggacatgggt
1320
tttececagaac cagataaatt
1380
caaaggcate cttatgettt
1440
aaattcocgece ttecaggagtt
1500
cggeat
1506

S5EQ ID NO:10

tttecttecaca
gtccteoccat
aaatcteocat
caccgatbgtyg
aaccaaaact
caatcaacac
catacttgga
accattecacc
tgagattgtyg
cattttgaga
cagtgcagtt
ttctattgta
tgacaacttt
atatcttgat
cagagaaaca
ttggttagea
caaaccagag
aatcccettt

gaagcteteg

Siraitia grosvenorii DNA sequence

atggaaatca
60
ttctogtttt
120
googgoeggat
180

ttttatcata
ttgttttgaa

ggcogateat

tcteaacage
aaaggctaga

cggccaccty

66

agggatgcaa
ctagocgagac
tcctetgtoco
attggaacag
tgtgctacca
atctactcocea
ctgettgteco
atggactgga
gagaagagaa
geaagagagt
acgtatgaac
tatttagttyg
ggteccateog
caggtgatta
gctaaagatyg
cttggagtte
aggtttgatc
ggaattggtce

ttgattcatt

tccatagetyg
acctgtaaac

agactgotog

PCT/EP2015/072645

gatggtcgac
taatacctac
aggaagacat
cagecettegg
acggccaaga
caacgeaget
ctatactcca
aagtggaccg
tgaagtgtaa
cagagacagt
acctacttgo
ctgggeatec
atcagatacc
aagaggctat
tggagattgg
ttgccaagga
caaatgaaga
ctegageatg

tgtacaggaa

gactctteoct
goagacagoo

ggggttogea

aatgcggaac
tatgcaatca
cecocttteteo
tgtcaacttt
caacaaaaat
caagatggat
agaaccattt
gacaaatcag
cgatcaaggt
atcaaggaat
tgggtceggetr
agaagtcgag
aacagctaat
gaggttctac
tggatatctt
tccaaagaac
agaggagaaa
cattggtaaa

gtttgtattt

cttgettete
tcecectgaagea

acttceccecat
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gaaaccttgg gagccatgge
240
caccecatete rtgttataag
300
rcagttgtet cttectegteco
360
gcettttgggt tcaggecotta
420
gaggtgetgt cgaaccgeeyg
480
agatcggtga aggagcettta
540
cttattgatg cggatgaatg
600
tgtgggaagc ggtttettgg
660
aaagtctega gagatttett
720
trocctgegat ggctyggattt
780
atggactgtc tcgttgagga
840
accgacggtyg aacgtgactt
900
getggctacyg acgctgacac
960
atcgatacta taacgctaac
1020
gecactgcgaa gggttcaaga
1080
gaatcagact tgagcaaget
1140
tacccagecaqg ggcecgetgte
1200
tatgacgtygg cocgooeggeac
1260
cgggtgtgge cggagccact
1320
ttggatgtga agggccagaa
1380
cetggggegyg ggcttggggt
1440
gtggaacttg gaactogcte
1500
atgtacagayg ccaccectet
1560
tcatga
1566

SEQ ID NO:11

cgacaagtat
cagttgggaa
caagagtttyg
tgattcecttt
tctggagttg
caatctgtgg
gattggtaat
cggttetgec
cgatttgaca
gggtggatat
atggctggaa
catggatgtg
agtcaacaaa
tctgacatgy
ggaggtggac
ggtgtatcte
gggagctcga
acggcteate
tgagttoagy
ctttgaactyg
tcagatgacg
cgatgaageg

tcaggcocteteo

ggaccaatct
gtggctaaag
ggtggaaagt
taccggagta
cagagacaca
acgcagagag
attaatttga
agegatgaga
gggcagttta
gegaaggcga
gaacaccgec
atgctttega
gecacatgeco
gegatctegt
atccatgtcg
caagccgtoyg
gagttecagte
acaaaccttt
ccggagaggt
geecececatttg
cagttggtge
gtggacatgyg

gtcaagccac

PCT/EP2015/072645

tecageatccg
agtgctacac
tgttgggcta
tccgoaaaac
ttegagttte
aggaaggctc
acgtgattct
aggagatgag
cggtgggaga
tgaagaaaac
ggaagagaga
ttettgaaga
tgagcattat
tattgctgaa
gaaacaaaaqg
tgaaagagac
gggactgcac
ggaagataca
ttctgageag
gttgtggaag
tggcgagtcet
ctgotaagtt

gectocaage

agttggtgte
caccctogac
caacttogeco
catagecteo
tgaggtgaag
agaccacata
gatgatggtt
geggtgtcte
tgccattoot
tgcaaaagaa
cteceggegec
gatggacctt
ttctggggga
caatcgagag
gottgtggat
attaaggttg
ggtcggaggyg
gacggaccct
ccaccagcag
aagagtgtge
gattcatteg
tggactcaca

cggtgettat
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Siraitia grosvenorii DNA seguence

atgggtgtat
60
ggtcacgatce
120
ggtgaaactt
180
agaataagatbt
240
gtttttgtet
300
accaaaaagt
360
tctecatttge
420
ttggecttett
480
tccggtagta
540
aaaatggtca
600
catgtttgtg
660
ggtttgaagy
720
agatctgaag
780
gaagacggty
840
atcgcaggte
8040
aaccaagatg
960
ggttgtggtt
1020
gtagttaagy
1080
caagattctt
1140
agatctttac
1200
ttegatgacyg
1260
ttgggtatga
1320
ttcagatgga
1380
ttgaagtcag
1425

tgtccatttte attattcaga tattccgtea
aaagaagtac cacagatagt ccacctggtt
tgcaattecat ggctgetatt aattctttga
gtttgagata cggtagatgce tttaagacaa
caactacaga  atccgectaag ttgatcttga
acatcagatc  aatcgctgaa ttgagttggtyg
aacacaagaqg attgagaggt ttgttgacta
tcgtaactca  attcgatgaa — caaatcgttg
ccataatcgt tttgaacgaa - geattgaaga
tgtecttaga aagagaaaac gaattggaag
aagctatgtt ggcatttcca tgcagattec
caagaagaay aatcattaaa gttgtcgaaa
ctectagaga agatttcttyg caaagattgt
gtggtgtttt aagtgatgcc gaaattggtg
aagataccac tgocctectget attacctgga
tattgcaaaa cttaagagac gaacaattcg
catgecttett gacattagaa gatttagggta
aatcattgag attageccteo gtcgtaccat
tgatccaagg  ttacaaaatt aaaaagggtt
attcagatce atccttgtat aatgacccaa
aagctaaacc ttactcattt ttggcatteg
acatggcaaa  ggccatgatg ttggttttect
aggttataga ttcecgactet tcaatcgaaa
gttgococtat cgtagttacc
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agaagaagcce  attaagatgco
caagaggttt gccattgata
acggtgtata cgattteogtt
gaatctteogyg Lgaaacccat
aggatggtgy tgaaaaattc
acagaagttt gttatgtgca
atttgtttte tgccacatte
aagcttttag atcatgggaa
tcacttgtaa ggccatgtge
ctttgcaaaa ggaattgggt
ctggtacaag atttcacaat
tggccattag agaaagaaga
tgacagaaga aaaggaagaa
acaacatatt gacaatgatg
tggtcaagtt tttggaagaa
aaatcatggyg taaacaagaa
atatgtccta tggtgcaaaa
ggtttecctag attggtttta
ggaacgtcaa catagacgta
caaagtttaa cecctagtaga
gtatgggtgg tagacaatgt
tgecacagatt ggtcacctca
aatgggcttt gttctetaag
cacatcggtt cetaa
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SEQ ID NO:12

Siraitia grosvenorili DNA sequence

atggatttet
60
cttecactcga
120
ccgatcatceyg
180
goctaaatcte
240
tecteoegotyg
300
accgttccag
360
gtttecaccee
420
attctcgacy
480
tcgagaagtyg
540
ctecaatetge
600
gggaaagagt
660
ggggattatt
720
acttactteg
780
cagaagacga
840
aacctcagea
300
ttggtgctat
960
gaactactaa
1020
gggaaaggga
1080
gtgaaagaaa
1140
caggacgtgy
1200
tgggetatga
1260
cttttggagt
1320
gggcggagga
1380

actggatecty
gaacaaacag
gaageetttt
atggcceetet
ccatggetaa
acgcaatgac
tctggogaaa
ccaacgagaa
cattgaaaqgy
tttccaatac
tcaggeacge
tcocctetget
atcgggtrtt
cgtctggtte
acgaaaatag
tegtegetygg
gaaacccaga
acccaattga
ctttcagatt
aaattgeagyg
gcagagattc
cggagcetgga

tttgcccocegy

tgttcttctg
cagcggcact
ggctetegge
tatgacctta
geaagttcte
ctectcacaac
cecttogacga
tctecoggega
tgagatggtyg
gatttteteg
agtacgaggc
gaagaagata
taatgttttg
tacctcecaac
cgacatgaaa
gactgaaacg
aaagttagca
agaatcagac
goacacacca
tttcacagte
aagcatctgg
cgttagaggyg

tctgecegttyg
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ctttgectteg
tcecaaactte
cacgageoog
aagcteoggoco
caaacgcacy
cacgatgett
atatgcaaca
accaaagtygg
gattttggaa
gtggatttct
ctcatggaag
gatcttcaag
gagcacatga
aacaacaacyg
ttggggaaac
agttctgecaa
aaagctcaag
atttcgagge
gegecattte
ccaaaggacyg
gagaacccag
agagattttyg

gcgatgagaa
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catggttttce
ctecoggace
acaagtettt
aaatcaccac
accagtttct
tegeactceeoo
accagttgtt
ccgagetegt
acgtggtgtt
tecgacccaaa
aagctgocaa
gaataaagag
tegacecagcg
acttactgea
ttgagetgaa
cactgcaatg
cggagaccag
tgececttatet
tactgcogeyg
ctecaggtact
agtggttega
agctgatecc

tgttgcattt

cattttatcc
gaaacccttyg
ggctaatcte
cgtegtagtt
gtccagcagg
atggattecg
tgcocggeaayg
atccgatatc
cgteacttoyg
ttctgaaatt
accaaatttg
gagacagacc
tcttecageag
ctaccttcocte

acacttectta

ggcaatggcea
gcgggtgatt
gcaagcagtyg
caaagcacta
ggtaaattta
goccagaaagg
gttcggeggt

gattttgggt
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tctcteatec
1440
atggacgaaa
1500
cttgtctaa
1509

SEQ ID NO:13

acttctttga

agcttggect

ttggaagctt

cactcoctggag

Siraitia grosvenorii DNA seguence

atgtcectecet
&0
tectecagag
120
gaagttaacy
180
gttgteggtt
240
tcattctacyg
300
tceccacaaaa
360
tecegtaaagy
420
ttaacaggta
480
gaaaaggttce
540
agagccaaca
600
atgatagaag
660
ggttgcacat
720
ttgttgatga
780
tggaagcaag
840
gatatcgtte
900
ttacacaacg
960
gctgeagacy
1020
gaagaacctt
1080
ttgatcgeat
1140

geggtggteco
cctgeaacte
ctttettaty
tgtttagatt
gtcattctaa
agtacggtec
aaccaagttt
gagectttag
aaaacagaag
tcattcecaga
aatctgtega
tgtttggtga
tgatcgcetaa
gtttctggag
aacaatacag
aaaccaagte
ttagaaattc
gtggtaatat

caatcttgga

aactcctttyg
agacgaaaac
gttgtcettyg
gtggtctaag
gatcatctca
agtagttaaa
gttgaaggaa
attggcttte
acaaagattg
aaaggccogta
ctgtaataag
cgcottetta
ggacgcatcce
ataccaaaga
aaagcattac
aactggtgtt
ttgettttte
tatgggtgte

aagattggcc
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gaagatgggt

ttggectttte

aatgttatcg
tcaagaattt
atcactatea
geaaagcaat
agacaaaatt
ttgtggttag
atattggtta
ggtagatcett
goccgaaaagt
gcttgtttca
gtttcteaac
ggttggtcta
ttttgggeta
ttgtgtatga
aagttgtttt
gaagtcgett
tacggtttga
atgtttcacg

actaacccag

PCT/EP2015/072645

gtecggecocgga

coctoacage

gtatcttatt
tgagagattt
cagoagtttt
tgagaggtce
tgactgattt
gtcctatgea
aagctgagga
cattatttge
tgaataagat
tgggtagagt
atttggettt
aggctacaat
gttatagagt
agttgaagtyg
ctcacteoaca
ttgatattce
acgatcatgt
gttgcttgac

aaatccaaga

agacgtgaaa

cttgecctgte

acaatcagaa
cgtaacaaga
gatcagtaaa
accttgtcca
gttatatgac
attgttagtc
taagttgeccet
atccagttte
cgcattecaa
tcaagatttg
tactttgtta
ctatgaagaa
taccccaatc
cttgactcaa
aaaccaaaac
accttgtect
taacccaaac
tacaacctet

aaagattaat
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tctgaattga acttagttca
1200
atgcoctttgt tattggcaac
1260
ttgcaaagat gtecctttgaa
1320
ggtaccttgg tcgtagttec
1380
gatgccaaty agtttaatce
1440
atacaaagaa ccoctttage
1500
ttgaatgacc caattggtaa
1560
gttggtcaaa agtttataat
1620
tacgaaatta aattgcaatc
1680
geccagtcaaa tcgteccaaa
1734

SEQ ID NO:14

aaagggtcca
aatctatgaa
gcaagatttg
tattaaattg
atacagattc
tggtgaaaac
cgtaggttte
ccaaggtgto

cgagagtaag

ctcaaaaatc

Siraitia grosvenorii DNA sequence

atgtggactyg
60
aacaaatgga
120
ctcatcggag
180
atccagaaaa
240
gtggtggtgt
300
gtggaaatgt
360
aaagebetgy
420
gaggccecetge
480
tectggteta
540
accteggtyga
600
aagttcacga
660
taccacaaat
720
gatagattgyg
780

tocgtgetegyg
gagattccaa
agacgattca
aagttgaaag
cggeggacyc
ggtatttgga
gectecatceca
gggagagatt
ctecaacctag
ataagatgtt
agcttoctagy
gettgaagga

ctaatgtggyg

tttggcgacy
gttcaacgga
actgagtcga
atacgggecy
agagttcaac
tacgectetee
caagtacatc
tcttectttt
cgtcgaagte
cggtgaggat
aggatttete
tatgaaggaa

ccctgatgtg
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gtcaaggatc atagaaagaa tgttgacaac
tecagectagat tattgcecage aggtccttta
gttttgaaaa caggtatcac cattccaget
gttcaaatgg atgactctte atggggttca
ttgtececatgg cttgtaatgg tattgacatg
attggtgacc aaggtgaagyg ttcatttgte
ttaccttttg gtttecggtge aagagcctge
gctactttgt tcgecaagttt gttggecoecat
aatgattcta aaccatccag taacacctet

gtattegtaa gaagaaactc ataa
ctgtttgteg cctactacat ccattggatt
gttctygecge cgggcaccat gggtttgeccocg
cocagtgact cecectegacgt tcacccttte
atcttcaaaa catgtectgge cggaaggcoyg
aactacataa tgctgcagga aggaagagca
aaattttteyg gecctegacac cgagtggeto
agaagcatta ctctcaatea ctteggogec
attgaageat coctoccatgga agccetteac
aaaaatgcct cegetcteat ggtttttagy
goegaagaage tatcgggaaa tatcecectggg
agtttaccac tgaattttce cggcaceaco
atccagaaga agctaagaga ggttgtagac
gaagatttct tggggcaage ccttaaagat
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aaggaatcag
B840
tttgctaget
900
cacccagaaqg
960
gatecagatg
1020
atcaatgaaa
1080
gatctteoaag
1140
tcacgtcaca
1200
aaggacttgg
1260
cattgtgctg
1320
accaaatacc
1380
tttgaagatg
1422

S8EQ ID NOC:15

agaagttcat ttcagaggag
ttgagtccat ctccaccact
tagtgaaaga gttggaagct
gaccaattac ttgggaagaa
ccctaaggtt ggggagtgtc
taaaaggata cataatcccyg
gagacccaaa agtctataag
actcaattac catccaaasayg
gtgctgagta ctctaaagtce
gatggaccaa acttggggga
ggttacatgt

Siraitia grosvenorii DNA sequence

atgaagatga
60
ccaagggttt
120
tggaatggea
180
caaaaccgag
240
gggaatgggc
300
tacgettteeo
360
gcaatggtygy
420
aaggtgetea
480
aaagttattt
540
cgaaggattce
600
ctggaaagaa
660

agatggaatc
atcctecatgt
acgtagctca
aacaagctgt
tttegacttce
acggggatet
aaaagtggaa
cttcagatat
ttecagactcet
ctgttateag

ggttgaaaaa

catgcgcacce
tcacctatgyg
gttgattgtt
tcccaaaata
tgacggtgaa
cctaagaaat
gcatcatcaa
cattgcacat
aagtaagctg
caagttcttce

ttccataatt

ttcatcatcc
cttactttga
gaacacgagg
tacaaatcca
acacctgeet
gaaggatgga
gaccctcata
aacttcatgc

tacttgtgea

ggaaggattyg

gaagttecaca
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tcecectggata
atcaacaaat
toggatcctg
gatctecageg
aaatgggcta
atggggccaa
ggcaaagagc
acagcetttg
agcatgatat
agatcaaagg

tcaataatgg
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aactgttgtt ttctatecagt
ttctecaagct ccttgatgaa
cgattcgaaa  agctagagca
tgacttttac attacaagtc
tgttgaggaa  aacagttaaa
caataatgct tgtcaccget
tctteaatec atggcgttgg
cttbtggggyg  aggcttaagg
cetbecttgea catcctetgt
caagagctca tatattgagt

ccocaaggaat ga
tctecogacca tgacatactt
atgggaaaaa cttcattcag
acacgatcaa ggagatactc
gagatgcacy gaggatatte
aggctcgaag aatcgctgat
ccatggttte ctgtgectgag
ttgatttgtt cgaagagttt
gaagcagtta tttggaaggy
tatttaagaa tcagttcaaa
atgcgaggga — gggagaggag
aaaagagaga agagaaggtg
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ataagtggtg aagcadataa
720
aatgagocctg  accagaggca
780
gtttacttcg ctgggcaaga
840
geaactcatyg agcattggca
900
aagaatccaa ctttagaagg
960
tctetaagat tatatcctee
1020
ttggggaagco tggttctece
1080
catgatactg caatatgggy
1140
ggaacagcta aagatatcce
1200
tgcatcggea atatcttgge
1260
cgattttctr tcaccatctce
1320
tgcocccaac acggggttca
1374

SEQ ID NO:16

ctatggtaat
gaggatttct
aactacaagt
agaagaagca
catcacaaaa
agcoeooogooc
ccccaacatt
tgaagatgce
atcagctgca
catcaacgaa

ccecggectac

ggtaaagett

Siraltia grosvenorii DNA gequence

atggaagctyg
60
tttttcacat
120
aagttgagaa
180
gaaattaaat
240
ggtggtggtg
300
ttagaacaat
360
atcttgtgta
420
ttaggtaaac
480
gecctetteag
540
gataaagtaa
600
tgggaaacta
660

aatttggtgce
ttttacactt
agcaaggtat
ceatcagage
gtyggttcocege
ggagaaacag
tcacagaaat
ctgcteattt
gtcectatttyg
agggtatgac

aagttgaaaa

cggtgectact
gtttgaatct
tggtggtcca
tttgtectteca
cagtataget
atatggtcca
ggaaaccgtt
gtctaaggat
ggttcaccaa
ctcattgatyg

tcatggtyggt

73
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gattttecttg gattactttt gaaggcaaadg
gttgatgatyg tagtggatga atgcaaaaca
gttttgecttyg cttggaccge ctttetttta
agaaaggaag tgctgaatat gtttggcaac
ttaaagatta tgagcatgat catcaaggaa
atgtcaagga  aggttaaaaa ggaagtcaga
caagtaagca tctecaactat tgcagttcat
catgtattca aaccagaaayg attttectgaa
tacatcccat ttggcttigy tcectegaaac
actaagattg cactgtcgat gattctacaa
gtccacgeac cttteecagtt ccteactatce

cagtcoctat taagtgaaag gtga
atggtattat cocgttgtege aatcgtette
ttctttttga agcecagatag attgagatet
tctoctteat ttttgttggy taatttgtca
caagctaaga acgcagaaga tgoctetget
catggttgga cttcaaattt gtttecteac
attttcgtat actccagtgyg tacaatccaa
aaggaaabct ctttgtcaac ctocttgagt
agaggtccat tgttaggttt gggtatctta
agaaagabca tcgetocaca attgtatttg
gttgaaagtyg caaattetat gttaagatcce
caagccgaaa ttaacgtcga tggtgacttyg
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agagcattaa gtgccgatat
720
gaagaaattt tcttgaagtt
780
atacctggtt ttagatacat
840
gazatcgaat caatgatctt
800
caagatttgt tgeaaatgat
960
atgaacatat caagagacaa
1020
catgaaacta cagctataac
1080
tggcaagcaa gagccagatc
1140
gacacagtca aaaatatgaa
1200
ccacctgetyg tattegttac
1260
ataccaaagqg gtatgaactt
1320
tggggtecty atgettgtte
1380
tgcaaaaacc cacaageccta
1440
catttegeta tgatcgaatt
1500
tetttgteac ctteoctacaa
1560
ggtgtcatat
15980

SEQ ID NO:17

Siraitia grosvenorii DNA sequence

atggaagtgg
60
ttetttetat
120
agctcagagt
180
ctgtacgatce
240
geatacageg
300
ttcgataagt
360

atatcaatat
cettettgat
acacgcocagt
atctaacgga
agatatacac

attcgaaagg

catttctaag gettgetttg
gagagcattg caagttgtca
accaactaaa  aataacagag
gaaggttgcce aacgaaagaa
tttggaaggt gcaaagtbcett
gtttattgtt gacaattgta
cgeatcttgg tgecttgatgt
tgaagtttta caatgttgeg
gaccttgact atggtaattc
aagacaagca ttagaagata
tecatataccea atcecotatgt
atttgaccca caaagattct
tatgceotttt ggtgttggtce
gaaagtcatc gtatcattgg
gecattcacca gecettcagat
tgecatgtcag
ctteocacegte ttttooctteg
cctectecte cteoccgaacgce
gtacggcacc gtctacggte
ggtggccaag  agacatcgaa
gaccgatccg — agaaacateg
aagcaaggat caagaaatcg

74
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gttcaaacta
tgagtaaggg
aaatgtggaa
cacaacatte
tgggtgaaga
agaacatcta
tgttagctge
atgacagacc
aagaaacttt
tcagattcaa
tgcaacaaga
ccaatggtgt
caagagtcetyg
ttttgtecag

tagttgtega

tattatgcac
tegecggaaa
aggctttcta
ccttocgget
agcatatgtt

ttggggatet

ttecocgaaggt
ttctattggt
gttggaaaag
cagtcacgaa
caataagagt
tttecgectggt
acaccctgat
aatcgatgca
gagattgtac
aaacatcaca
ctteocactta
cttaggtgea
tgceceggtcaa
attcgaattt
accagaaaac

aaagttgtga

agtcttecte
atccataacyg
tttcaacaac
gettgogeey
gaagacgaaa

gtttggagag



WO 2016/050890 PCT/EP2015/072645
gggatatttg cagtcgatygg agataagtgg aagcagcaga ggaagctggce tagctatgaa
420
ttctcgacga ggattcttag ggattttage tgctoggttt tcagacgaag tgctgctaaa
480
cttgttggag ttgtttcgga gtttteecage atgggtcggyg tttttgatat ccaggattig
540
ctaatgcocggt gegetttgga ctececatttte aaagtggggt teggggttga tttgaattge
600
ttggaggaat caagcaaadga agggagegat ttcatgaaag ccttegatga ttctagocget
660
cagatttttt ggcgctatat cgatcectte tggaaattga agagattget taacatocggt
720
recgaagett cgtttaggaa caacataaaa accatagatg cttttgtgea ccagttgate
780
agagacaaga gaaaattget Lcagecaacceg aatcacaaga atgacaaaga ggacatactt
840
tggaggtttc tgatggaaag tgagaaggat ccaacaagaa tgaatgatca atatctaagy
900
gatatagtcco tcaatttcat gttggectgge aaagattcaa gtggaggaac totgtooctgyg
960
ttcttetaca tgectatgcaa gaacccttta atacaggaaa aagttgcaga agaagtgagyg
1020
caaattgttg cgtttgaagyg ggaagaagtt gacatcaatt tgttcataca aaacttaact
1080
gattcagctc ttgacaaaat gecattatett catgcagcat tgaccgagac tctgaggecta
1140
tatcetgeag tocecetttgga tggaaggact gcagaaatag atgacattcect tocctgatgge
1200
tataaactaa gaaaagggga tggagtatac tacatggceet attcecatggg caggatgtoe
1260
tcecctttggg gagaagatgc tgaagatttt aAaacccgaaa gatggcttga aagtggaact
1320
tttcaacccyg aatcaccttt caaattcatce getttteatyg cgggtecteg aatgtgtttg
1380
ggaaaagagt ttgcttateyg acaaatgaag atagtatctyg ctgetttget tcaatttttt
1440
cgattcaaag tagctgatac aacgaggaat gtgacttata ggatcatgct tacccttecac
1500
attgatggag gtetcocetet tcttgecaatt ccgagaatta gaaaatttac ctaa
1554
SEQ ID NO:18
Siraitia grosvenorii DNA gsequence
ttggatagtyg gagttaaaag agtgaaacgg ctagttgaaqg agaaacggceyg agcagaattyg
60
tetgecocygga ttgectetgg agaattcaca gtcgaaaaag ctggttttee atctgtattg
120

75
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aggagtggct tatcaaagat
180
gttgatgcto aagaagaata
240
cgtagtgagg ccttotteat
300
aggttgactt ttgggocaaa
360
atactgaagyg ataatccgag
420
gtcatgggga agggacttat
480
atagtececat cttitgcatct
540
gcagataggce tttgeaagaa
600
gagteccctgt teteocegttt
660
tttgattcac ttacaaatga
720
gragaggatc gcagtgttge
780
tcaccacggce aaaaaaaggt
840
ctaattgcta tatgcaagag
900
atgaatgagce aagatccaag
960
agcaagcagc ttcgtgatga
1020
gcagttttaa catggacctt
1080
caggaggagyg ttgattecagt
1140
cteaaatatg ccacacgaat
1200
ttaatacgtc gatotcttga
1260
gacatattca tttetgtttg
1320
aaatttaatc ctgaaaggtyg
1380
ttcagatatt taccttttgg
1440
tacgagactg ttgtageact
1500
ggagcacctc ctgtaaaaat
1560
atgacagtta cacgaagaat
1620

gggtgttcec
tcoccaagatt
acctctectat
gtcattcttg
gaattattcot
accagctgac
gaagtatgta
gectagatget
gactttagat
cactggeata
accaattcca
ctctaaagece
gatggttgat
catccttcat
cttgatgact
ttatcttectt
ccttggggat
aattaacgaa
caatgatatg
gaacttgcat
gectotggat
tggcggacca
tgcaatgett
gacaactgga

gagacctceca
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agtgagattc
cccgaageaa
gagctttato
atagtttctg
aagggtatcet
gagaagatat
ggtgctatga
gcagecatctyg
atcattggca
gttgaggetyg
gtatgggaaa
ctcaaattga
gaggaggagc
ttececttttgyg
atgettatag
tccaaggagco
cggtttocaa
tccttgagge
ctcgggaagt
cgcagtccaa
ggacccaatc
cggaaatgtg
gttoggeogat
gctacaatte

atcataccca
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tggacatatt
aaggatcagt
tcacatatgg
atccttceat
tagctgaaat
ggcgtgtacyg
ttaatctttt
atggggttga
aggcagtttt
tttacactgt
ttecaatttg
tcaacgacac
tgcagtttea
catcaggaga
ctgggeatga
cgaggatcat
ctattgaaga
tttacccaca
accceattaa
aactctggga
caaatgagac
tgggagacat
ttgacttecca
acacaacaga

cattagagat

atttggtttc
aaatgcaatt
tggaatattt
tgctaaacat
tctagagttt
aaggcgggct
tggagaagct
tgtggaaatg
taactatgac
getaagagaa
gaaggatatt
cctcecgatcaa
tgaggaatac
tgatgttteca
aacatctgct
gtecaagete
tatgaagaac
geceaccagtt
aaagggtgay
tgatgcggat
aaatcaaaat
gtttgctteg
aatggeactt
tggattgaaa

gectgcagtyg
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gtcgttgact cgtetgtegt
1680
ggttag
1686

SEQ ID NOG:19

ggactogtec

Siraitia grosvenorii DNA geguence

cagttecectet
60
ccocagaatgt
120
gtetecggta
180
ttaatggccea
240
ggagacagac
300
tcaattgaaa
360
agactcaccg
420
caaattttce
480
tgcottectyg
540
acgaaggtgg
600
gggaggagea
660
aagaaagatyg
720
ttettetteg
780
gocageaacc
840
ggaactctct
900
tcgttgagge
960
ctgggagatc
1020
cacagtgaag
1080
tcaaaagcct
1140
ggceaatcat
1200
toottcacca
1260

cctggtocte
goccotcaccoga
agtecatggct
acggccaaaa
tcaagagtta
acgaggtcaa
ccgatataat
atttgcteac
gaagcoeggtt
aggggttgtt
gttocgtatgy
ggaatgggtt
ccggecatga
cttettggea
ctecttgaaca
tatacccgeco
ttgagatccce
agctatgagg
tcacttegygy
ttgctetcecat

toetetgacaa

ccagtttggo
gaccgatttyg
tcagcaacagq
ctggtaccac
cgcogggtac

ctcggggega
atcacgaacco
cgttttacag
tttteccgagt
aatggagata
aaatgatctg
gagcttgaat
aaccactgcet
acacaaggtt
tctecteocaag
agcaagtatt
aaaagggcty
caaagatgca
gagattecatt
ggaaaccaag

ttatcgeocecat

77

gtocgeecattt

aagaggttca
atcaaagagce
ggectccaage
cagcgteaca
atggtggaat
tecogagtteg
gagttcgaaa
catctctgeg
aaatacaaca
atacagagca
ttgggaatgt
ttgecagatta
cttttgcetea
cgageegaayg
ctetectetgt
cttecaagaa
tcgatatgga
aatgagttca
ccectttgett
atcattttgg

gaccogtgy
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tgaaagaaga

tcttectggaa
Ltctectetaa
acttecatcogyg
togtogegeco
goacaaagga
aaatcggtga
gcagctacyga
ctecaggogag
gagagataaa
gaagagactyg
tgctgaatga
taatggatga
cttggactgt
ttatggcocgt
tgagtatggt
tggcatttga
teccagtget
acccagaaag
ctggceccteg
ctatgcteat

tegtecteac

aacacaaatt

tgggatcgag
gtacagecgec
cegeggteteo
ggcectteatg
gatgetteayg
gtatatgacc
aaagggaaag
cocgecaccte
ggcattgaag
tgtggagatyg
gatgcagaag
atgcaagacc
aatgttattyg
ctgcaatgga
gataaatgaa
agatataaag
tgcaattcac
atttgcaaat
caactgeogtt
ctcoaagttt

tataaaacce
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aaatacggag
1299

SEQ ID NGC:20

tccaagtttyg

Siraitia grosvenorii DNA sequence

atggaagaca
60
aagctcatce
120
ccggttateg
180
tcocgecaaat
240
tegtegtegt
300
cctegtttge
360
tacggegacce
420
cgecteaaca
480
tcacgeaatt
540
acgttcaaca
600
gacgaggaag
660
gtatcaaatc
720
aagttgatbtcg
780
cggagaaaga
840
tcggageetg
9060
gedggggaccg
960
ccectgaagtge
1020
gtcgaagaat
1080
ctecggoetga
1140
atatgtggat
1200
agggatccaa
1260
tegteggaag
1320

ccttoctact
gtcegatecgg
gecacctoca
atggtcecctgt
cggceggtgga
taattggcaa
actggegtag
aattegooga
cgetecatea
tctegatgag
aggcgagaaa
caggggattt
agtgtgggaa
aggaagaggy
ctcactacgy
atacatcgge
taaagaaggc
cagacgtagt
atccogooge
acgacgtgec
acgaatggga

cggaggtaca

ctatccttcce
aggagttcge
tctettgaaa
tatgtcccte
cgagtgttte
acacctogge
ccteoeocgeege
catcogaagyg
attctcecgaaa
aatggcoggcea
gttcagagaqg
cgtccegatt
gaagacggat
taggaacacg
agaccaaata
cgtgacaatg
aagagatgaqg
atctaagtta
tecgatgttyg
acgtgacaca
ggagcecacy

caagteggty

78

PCT/EP2015/072645

cttgaagcct ttcaattaa
ctotetette tetttettet ttttgettte
aggaacttac cgoocgagtec gecoctetett
aagccactee accggacttt ccagaaactt
cgectogggt ctegectege agtcattgta
actaaaaacy acgtcgtget cgccaaccgt
tacaactaca  ctaccatggt tggggctocoe
atcggtgece tcgaaatett cteottecatcet
gatgaagtag agggattgcet tegeaaacte
gtggaagttc aatcggectt gteggagetyg
gggaaacggt attacggaga tgacgtgacg
ttaattaaac agatagtgge  gctgggogga
ctgaattgga tteccgaacgyg tttcgagagy
goegttettge aggggctgat cgaggaccac
atgatcgatc acctgetcte tctgeaagaa
atcaaaggat ttatactggt gttactgacyg
gagtgggcgc tatcteatet cctgaacaat
gtecgacactg aaattggaca agaacgactt
ccctatette aagggatcat ctocgagact
ttgccccatt acgoctegga  cgactgeacy
atcgtaatgg  tcaatgecatg ggcocatacat
tgtttcagac cagaacgata  tgaaaagtcg
agtttcegggy  tgggaaggeg  agettgtect
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gggtctggea
1380
gagtgggaga
1440
cecaagatgyg
1500

tactga
15086

tggcgcagag

gagttggaga

tgccattgga

SEQ ID NO:21
Arabidopsis thaliana protein sequence

Meb

1

Leu

Ala

Pro

Ser

65

phe

Glu

Val

Ser

Ile

145

Met

Asp

Thr

Ala

Phe

Arg

His

50

Gly

Gly

Leu

Met

Asp

130

Pro

His

Glu

Lys

Thr

Pro

Leu

35

Asn

Leu

Leu

Met

Lys

115

Trp

Lys

Val

Glu

Leu
195

Glu Lys Thr

Phe

20

Leu

Ala

Ala

Pro

Val

100

Leu

Cys

Ile

Leu

Tyr
180

Gln

5

Met

Ala

Ala

Ile

Glu

85

Pro

Met

Leu

Val

Arg

165

Phe

Leu

Ala

Gln

Arg

Asn

70

Gly

Phe

Glu

Pro

Phe

150

Arg

Leu

Pro

ggtgatgggc
agaagaagtyg

ggccatgtge

His Gln Phe

Gln Gly His

Arg

Phe

55

Ile

Lys

Phe

Glu

Tyr

138

His

Asn

Val

Val

Gly

40

Lys

Leu

Glu

Lys

Met

120

Thy

Gly

Leu

Pro

Lys
200

25

Val

Asn

Hig

Asn

Ala

105

Lys

Ser

Met

Glu

Ser

185

Ala

ttgactttgg

gacatgaacg

agagctegte

His

10

Met

Thr

Val

Val

Ile

90

Val

Pro

Ile

Gly

Ile

170

Phe

Asn

79

Pro

Ile

Ile

Leu

Lys

75

Asp

Asn

Arg

Tle

Cys

155

Leu

Pro

Ala

Ser

Pro

Thr

Asn

60

Phe

Ser

Leu

Pro

Ala

140

Phe

Glu

Asp

Ser

Leu

Met

Ile

45

Arg

Pro

Leu

Leu

Ser

128

Lys

Asn

Asn

Arg

Gly
205

PCT/EP2015/072645

cggeactggt

aaggctcoagqg

ccatcgteca

His

Ile

30

Val

Ala

Tyr

Asp

Glu

110

Cys

Asn

Leu

Val

vVal

190

Asp

Phe

18

Asp

Thr

Ile

Gln

Ser

95

Asp

Leu

Phe

Leu

Lys

175

Glu

Trp

Val

Ile

Thr

Glu

80

Thr

Pro

Ile

Asn

Cys

180

Ser

Phe

Liys

tcagtgette

tgccacaatyg

caaccttett
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Glu Ile Met Asp Glu Met Val Lys Ala Glu Tyr Thr Ser Tyr Gly Val
210 218 220

Ile val Asn Thr Phe Gln Glu Leu Glu Pro Pro Tyr Val Lys Asp Tyr
225 230 235 240

Lys Glu Ala Met Asp Gly Lys Val Trp Ser Ile Gly Pro Val Ser Leu
245 250 255

Cys Asn Lys Ala Gly Ala Asp Lys Ala Glu Arg Gly Ser Lys Ala Ala
260 265 270

Ile Asp Gln Asp Glu Cys Leu Gln Trp Leu Asp Ser Lys Glu Glu Gly
275 280 285

Ser Val Leu Tyr Val Cys Leu Gly Ser Ile Cys Asn Leu Pro Leu Ser
290 295 300

Gln Leu Lys Glu Leu Gly Leu Gly Leu Glu Glu Ser Arg Arg Ser Phe
308 310 315 320

Ile Trp Val Ile Arg Gly Ser Glu Lys Tyr Lys Glu Leu Phe Glu Trp
325 330 335

Met Leu Glu Ser Gly Phe Glu Glu Arg Tle Lys Glu Arg Gly Leu Leu
340 345 350

Ile Lys Gly Trp Ala Pro Gln Val Leu Ile Leu Ser His Pro Ser Val
355 360 365

Gly Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly Ile
370 375 380

Thr Ser Gly Ile Pro Leu Ile Thr Trp Pro Leu Phe Gly Asp Gln Phe
385 390 385 400

Cys Asn Gln Lys Leu Val val Gln Val Leu Lys Ala Gly Val Ser Ala
405 410 415

Gly vVal Glu Glu Val Met Lys Trp Gly Glu Glu Asp Lys Ile Gly Val
420 425 430

Leu Val Asp Lys Glu Gly Val Lys Lys Ala Val Glu Glu Leu Met Gly
435 440 445

Asp Ser Agp Asp Ala Lys Glu Arg Arg Arg Arg Val Lys Glu Leu Gly
450 455 460

Glu Leu Ala His Lys Ala Val Glu Lys Gly Gly Ser Ser His Ser Asn
465 470 475 480

80
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Ile Thr Leu Leu Leu Gln Asp Ile Met Gln Leu Ala Gln Phe Lys Asn
485 490 495

SEQ ID NO:22
Arabidopsis thaliana protein sequence

Met Val Ser Glu Thr Thr Lys Ser Ser Prc Leu His Phe Val Leu Phe
1 5 10 15

Pro Phe Met Ala Gln Gly His Met Ile Pro Met Val Asp Ile Ala Arg
20 25 30

Leu Leu Ala Gln Arg Gly vVal Ile Ile Thr Ile Val Thr Thr Pro His
35 40 45

Asn Ala Ala Arg Phe Lys Asn Val Leu Asn Arg Ala Ile Glu Ser Gly
50 55 60

Leu Pro Ile Asn Leu Val Gln Val Lysg Phe Pro Tyr Leu Glu Ala Gly
65 70 75 80

Leu Gln Glu Gly Gln Glu Asn Ile Asp Ser Leu Asp Thr Met Glu Arg
85 90 95

Met Ile Pro Phe Phe Lys Ala Val Asn Phe Leu Glu Glu Proc Val Gln
100 105 110

Lys Leu Ile Glu Glu Met Asn Pro Arg Pro Ser Cys Leu Ile Ser Asp
115 120 125

Phe Cys Leu Pro Tyr Thr Ser Lys Ile Ala Lys Lys Phe Asn Ile Pro
130 135 140

Lys Ile Leu Phe His Gly Met Gly Cys Phe Cys Leu Leu Cys Met His
145 150 155 160

val Leu Arg Lys Asn Arg Glu Ile Leu Asp Asn Leu Lys Ser Asp Lys
165 170 175

Glu Leu Phe Thr Val Pro Asp Phe Pro Asp Arg Val Glu Phe Thr Arg
180 185 190

Thr Gln Val Pro Val Glu Thr Tyr Val Pro Ala Gly Asp Trp Lys Asp
195 200 205

Ile Phe Asp Gly Met Val Glu Ala Asn Glu Thr Ser Tyr Gly Val Ile
210 215 220

Val Asn Ser Phe Gln Glu Leu Glu Pro Ala Tyr Ala Lys Asp Tyr Lys
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225 230 235 240

Glu Val Arg Ser Gly Lys Ala Trp Thr Ile Gly Pro Val Ser Leu Cys
245 250 255

Asn Lys Val Gly Ala Asp Lys Ala Glu Arg Gly Asn Lys Ser Asp Ile
260 265 270

Asp Gln Asp Glu Cys Leu Lys Trp Leu Asp Ser Lys Lys His Gly Ser
275 280 285

Val Leu Tyr Val Cys Leu Gly Ser Ile Cys Asn Leu Pro Leu Ser Gln
290 285 300

Leu Lys Glu Leu Gly Leu Gly Leu Glu Glu Ser Gln Arg Pro Phe Ile
305 310 315 320

Trp Val Ile Arg Gly Trp Glu Lys Tyr Lys Glu Leu Val Glu Trp Phe
325 330 335

Ser Glu Ser Gly Phe Glu Asp Arg Ile Gln Asp Arg Gly Leu Leu Ile
340 345 350

Lys Gly Trp Ser Pro Gln Met Leu Ile Leu Ser His Pro Ser Val Gly
355 360 365

Gly Phe Leu Thr His Cysg Gly Trp Asn Ser Thr Leu Glu Gly Ile Thr
370 375 380

Ala Gly Leu Pro Leu Leu Thy Trp Pro Leu Phe Ala Asp Gln Phe Cys
385 390 385 400

Asn Glu Lys Leu Val val Glu Val Leu Lys Ala Gly Val Arg Ser Gly
405 410 415

Val Glu Gln Pro Met Lys Trp Gly Glu Glu Glu Lys Ile Gly Val Leu
420 425 430

Val Asp Lys Glu Gly Val Lys Lys Ala Val Glu Glu Leu Met Gly Glu
438 440 445

Ser Asp Asp Ala Lys Glu Arg Arg Arg Arg Ala Lys Glu Leu Gly Asp
450 455 460

Ser Ala His Lys Ala Val Glu Glu Gly Gly Ser Ser His Ser Asn Ile
465 470 475 480

Ser Phe Leu Leu Gln Asp Ile Met Glu Leu Ala Glu Pro Asn Asn
485 490 495
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SEQ ID NO:23
Arabidopsis thaliana protein seguence

Met Ala Phe Glu Lys Asn Asn Glu Pro Phe Pro Leu His Phe Val Leu
1 5 10 15

Phe Pro Phe Met Ala Gln Gly His Met Ile Pro Met Val Asp Ile Ala
20 25 30

Arg Leu Leu Ala Gln Arg Gly Val Leu Ile Thr Ile Val Thr Thr Pro
35 40 45

His Asn Ala Ala Arg Phe Lys Asn Val Leu Asn Arg Ala Ile Glu Ser
50 55 60

Gly Leu Pro Ile Asn Leu Val Gln Val Lys Phe Pro Tyr Gln Glu Ala
65 70 75 80

Gly Leu Gln Glu Gly Gln Glu Asn Met Asp Leu Leu Thr Thr Met Glu
85 90 95

Gln Ile Thr Ser Phe Phe Lys Ala Val Asn Leu Leu Lys Glu Pro Val
100 105 110

Gln Asn Leu Ile Glu Glu Met Ser Pro Arg Pro Ser Cys Leu Ile Ser
115 120 125

Asp Met Cys Leu Ser Tyr Thr Ser Glu Ile Ala Lys Lys Phe Lys Ile
130 135 140

Pro Lys Ile Leu Phe His Gly Met Gly Cys Phe Cys Leu Leu Cys Val
145 150 155 160

Asn Val Leu Arg Lys Asn Arg Glu Ile Leu Asp Asn Leu Lys Ser Asp
165 170 175

Lys Glu Tyr Phe Ile Val Pro Tyr Phe Pro Asp Arg Val Glu Phe Thr
180 185 190

Arg Pro Gln Val Pro Val Glu Thr Tyr vVal Pro Ala Gly Trp Lys Glu
195 200 205

Ile Leu Glu Asp Met Val Glu Ala Asp Lys Thr Ser Tyr Gly Val Ile
210 215 220

Val Asn Ser Phe Gln Glu Leu Glu Pro Ala Tyr Ala Lys Asp Phe Lys
225 230 235 240

Glu Ala Arg Ser Gly Lys Ala Trp Thr Ile Gly Pro Val Ser Leu Cys
245 250 255
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Asn Lys Val Gly Val Asp Lys Ala Glu Arg Gly Asn Lys Ser Asp Ile
260 265 270

Asp Gln Asp Glu Cys Leu Glu Trp Leu Asp Ser Lys Glu Pro Gly Ser
275 280 285

Val Leu Tyr Val Cys Leu Gly Ser Ile Cys Asn Leu Pro Leu Ser Gln
290 295 300

Leu Leu Glu Leu Gly Leu Gly Leu Glu Glu Ser Gln Arg Pro Phe Ile
305 310 315 320

Trp Val Ile Arg Gly Trp Glu Lys Tyr Lys Glu Leu Val Glu Trp Phe
325 330 335

Ser Glu Ser Gly Phe Glu Asp Arg Ile Gln Asp Arg Gly Leu Leu Ile
340 345 350

Lys Gly Trp Ser Pro Gln Met Leu Ile Leu Ser His Pro Ser Val Gly
355 360 365

Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly Ile Thr
370 375 380

Ala Gly Leu Pro Met Leu Thr Trp Pro Leu Phe Ala Asp Gln Phe Cys
385 380 395 400

Asn Glu Lys Leu Val vVal Gln Ile Leu Lys Val Gly Val Ser Ala Glu
405 410 415

Val Lys Glu Val Met Lys Trp Gly Glu Glu Glu Lys Ile Gly Val Leu
420 425 430

vVal Asp Lysg Glu Gly Val Lys Lys Ala Val Glu Glu Leu Met Gly Glu
435 440 445

Ser Asp Asp Ala Lys Glu Arg Arg Arg Arg Ala Lys Glu Leu Gly Glu
450 455 460

Ser Ala His Lys Ala Val Glu Glu Gly Gly Ser Ser His Ser Asn Ile
465 470 475 480

Thr Phe Leu Leu Gln Asp Ile Met Gln Leu Ala Gln Ser Asn Asn
485 490 495
SEQ ID NO:24

Stevia rebaudiana protein sequence

Met Ser Pro Lys Met Val Ala Pro Pro Thr Asn Leu His Phe Val Leu
1 5 10 15

84
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Phe Pro Leu Met Ala Gln Gly His Leu Val Pro Met Val Asp Ile Ala
20 25 30

Arg Ile Leu Ala Gln Arg Gly Ala Thr Val Thr Ile Ile Thr Thr Pro
35 40 45

Tyr Hig Ala Asn Arg Val Arg Pro Val Ile Ser Arg Ala Ile Ala Thr
50 55 60

Asn Leu Lys Ile Gln Leu Leu Glu Leu Gln Leu Arg Ser Thr Glu Ala
65 70 75 80

Gly Leu Pro Glu Gly Cys Glu Ser Phe Asp Gln Leu Pro Ser Phe Glu
85 90 95

Tyr Trp Lys Asn Ile Ser Thr Ala Ile Asp Leu Leu Gln Gln Pro Ala
100 105 110

Glu Asp Leu Leu Arg Glu lLeu Ser Pro Pro Pro Asp Cys Ile Ile Ser
115 120 125

Asp Phe Leu Phe Pro Trp Thr Thr Asp Val Ala Arg Arxrg Leu Asn Ile
130 135 140

Pro Arg Leu Val Phe Asn Gly Pro Gly Cys Phe Tyr Leu Leu Cys Ile
145 150 155 160

His Val Ala Ile Thr Ser Asn Ile Leu Gly Glu Asn Glu Pro Val Sex
165 170 175

Ser Asn Thr Glu Arg Val Val Leu Pro Gly Leu Pro Asp Arg Ile Glu
180 185 180

Val Thr Lys Leu Gln Ile Val Gly Ser Ser Arg Pro Ala Asn Val Asp
195 200 205

Glu Met Gly Ser Trp Leu Arg Ala Val Glu Ala Glu Lys Ala Ser Phe
210 215 220

Gly Ile Val Val Asn Thr Phe Glu Glu Leu Glu Pro Glu Tyr Val Glu
225 230 235 240

Glu Tyr Lys Thr Val Lys Asp Lys Lys Met Trp Cys Ile Gly Pro Val
245 250 255

Ser Leu Cys Asn Lys Thr Gly Pro Asp Leu Ala Glu Arg Gly Asn Lys
260 265 270

Ala Ala Ile Thr Glu His Asn Cys Leu Lys Trp Leu Asp Glu Arg Lys
275 280 285
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Leu Gly Ser Val Leu Tyr Val Cys Leu Gly Ser Leu Ala Arg Ile Ser
280 2595 300

Ala Ala @Gln Ala Ile Glu Leu Gly Leu Gly Leu Glu Ser Ile Asn Arg
305 310 315 320

Pro Phe Ile Trp Cys Val Arg Asn Glu Thr Asp Glu Leu Lys Thr Trp
325 330 335

Phe Leu Asp Gly Phe Glu Glu Arg Val Arg Asp Arg Gly Leu Ile Val
340 345 350

His Gly Trp Ala Pro Gln Val Leu Ile Leu Ser His Pro Thr Ile Gly
358 360 365

Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Ile Glu Ser Ile Thr
370 375 380

Ala Gly val Pro Met Ile Thr Trp Pro Phe Phe Ala Asp Gln Phe Leu
385 390 385 400

Asn Glu Ala Phe Ile Val Glu Val Leu Lys Ile Gly Val Arg Tle Gly
405 410 415

Val Glu Arg Ala Cys Leu Phe Gly Glu Glu Asp Lys Val Gly Val Leu
420 425 430

val Lys Lys Glu Asp Val Lys Lys Ala Vval Glu Cys Leu Mel Asp Glu
435 440 445

Asp Glu Asp Gly Asp Gln bArg Arg Lys Arg Val Ile Glu Leu Ala Lys
450 455 460

Met Ala Lys Ile Ala Met Ala Glu Gly Gly Ser Ser Tyr Glu Asn Val
465 470 475 480

Ser Ser Leu Ile Arg Asp Val Thr Glu Thr Val Arg Ala Pro His
485 490 435
SEQ ID NO:25

Stevia rebaudiana protein sequence

Met Asp Ala Met Ala Thr Thr Glu Lys Lys Pro His Val Ile Phe Ile
1 5 10 15

Pro Phe Pro Ala Gln Ser His Ile Lys Ala Met Leu Lys Leu Ala Gln
20 25 30

Leu Leu Hig His Lys Gly Leu Gln Ile Thr Phe Val Asn Thr Asp Phe
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35 40 45

Ile His Asn Gln Phe Leu Glu Ser Ser Gly Pro His Cys Leu Asp Gly
50 55 60

Ala Pro Gly pPhe Arg Phe Glu Thr Ile Pro Asp Gly Val Ser His Ser
65 70 75 80

Pro Glu Ala Ser Ile Pro Ile Arg Glu Ser Leu Leu Arg Ser Ile Glu
85 90 a5

Thr Asn Phe Leu Asp Arg Phe Tle Asp Leu Val Thr Lys Leu Pro Asp
100 105 110

Pro Pro Thr Cys Ile Ile Ser Asp Gly Phe Leu Ser Val Phe Thr Ile
115 120 125

Asp Ala Ala Lys Lys Leu Gly Ile Pro val Met Met Tyr Trp Thr Leu
130 135 140

Ala Ala Cys Gly Phe Met Gly Phe Tyr His Ile His Sexr Leu Ile Glu
145 150 155 160

Lys Gly Phe Ala Pro Leu Lys Asp Ala Ser Tyr Leu Thr Asn Gly Tyr
165 170 175

Leu Asp Thr Val Ile Asp Trp Val Pro Gly Met Glu Gly Ile Arg Leu
180 185 190

Lys Asp Phe Pro Leu Asp Trp Ser Thr Asp Leu Asn Asp Lys Val Leu
1lses 200 208

Met Phe Thy Thr Glu Ala Pro Gln Arg Ser Hig Lys Val Ser His His
210 215 220

Ile Phe His Thr Phe Asp Glu Leu Glu Pro Ser Ile Ile Lys Thr Leu
225 230 235 240

Ser Leu Arg Tyr Asn His Ile Tyr Thr Ile Gly Pro Leu Gln Leu Leu
245 250 255

Leu Asp Gln Ile Pro Glu Glu Lys Lys Gln Thr Gly Ile Thr Ser Leu
260 265 270

His Gly Tyr Ser Leu Val Lys Glu Glu Pro Glu Cys Phe Gln Trp Leu
275 280 285

Gln Ser Lys Glu Pro Asn Ser Val Val Tyr Val Asn Phe Gly Ser Thr
290 295 300

Thr Val Met Ser Leu Glu Asp Met Thr Glu Phe Gly Trp Gly Leu Ala

87



WO 2016/050890

305

Asn

Gly

Pro

Glu

385

Asp

Leu

Gln

Asp

Ser

465

Asn

S5EQ ID NO:26

Ser

Glu

Gly

Ser

370

Ser

Gln

Glu

Glu

Trp
450

Leu

Asn

Asn

Phe

355

Val

Leu

Leu

Met

Leu

435

Lys

Asn

His

Ala

340

Ile

Gly

Ser

Thy

Gly

420

Met

Glu

Ile

Tyr

325

val

Ala

Gly

Ala

Asn

405

Thr

Gly

Lys

Asp

310

Phe

Leu

Ser

Phe

Gly

380

Cys

Lys

Glu

Ala

Lys
470

Leu Trp

Pro Pro

Trp Cys

360
Leu Thr
375

vVal Pro

Arg Tvyr

val Lys

Gly Gly

440
Arg Ile
455

Met Val

Tle

Glu

345

Ser

His

Met

Ile

Arg

425

His

Ala

Lys

Siraitia grosvenorii DNA seguence

atggatgecce
60
catctettge
120
tacttctgtt
180
tcttetgatg
240
ccteatcectte
300
ttaogteatgg
360

agcgaggtca
ctttectega
caacgtctgt
attccatcca
acacaaccaa

cogoocaaca

caccaccace
gctggccaaa
tagectogac
acttgtggaa
cggocttooe

ctttecaggtce

Ile

330

Leu

Gln

Cys

Ile

Cys

410

Asp

Lys

Ile

Glu

88

315

Arg

Glu

Glu

Gly

Cys

385

Lys

Glu

Met

Ala

Ile
475

Ser

Glu

Lys

Trp

380

Trp

Glu

vVal

Arg

Pro

460

Thr

Asn

His

val

365

Gly

Pro

Trp

Lys

Asn

445

Asn

val
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Val
335

Leu

Ile
350

Lys

Leu Lys

Ser Thr

Tyr Ser

Glu val

415
Arg Leu
430

Lys Ala

Ser

Gly

Leu Ala

320

Ile

Lys

His

Ile

Trp

400

Gly

val

Lys

Ser

Arg
480

attttgatgc
ageeteoteoca
gocattaaac
cttegtoteo
tctecacctea

attttacaaa

ttccatgggt
ggaggaaatt
caaagettoc
cttetteoctee
tgocegetet

cacttgoccc

cggctacgge

attccacatc
tececttctate
tgagttacct
coaccaagoc

gecatctocte
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atttatgaca
420
atcaacttca
480
ccaagttceta
540
accaccgocyg
600
tgcttgeata
660
tatatcgatt
720
tacgaaccga
780
aaaaaggaac
840
gaagaaaltgy
900
cttagatttc
960
ctggagagayg
1020
ctgaageatt
1080
ggcatgatgt
1140
gecggactet
1200
attcaaagag
12860
gacgtgagga
1320
attgatgagt
1380

SEQ ID NO:27

ttcteccaacce
gtactaccgg
aattcceaat
atggggetct
cttettgogg
atctctectgt
atcaagaagg
cgtcetcaac
aagagatagc
ctcaaggaga
cgggagagag
ggagcacagg
ttggcgtacc
tggaagaagce
aagaagttgc
agaaagcaag

tggtggcectga

ttgggctoct
agcttcaatg
ctcoagagttt
tacagaagaa
ggtagttttg
tctcttgaac
ggaagatgaa
cgtcttogtt
gtatgggtta
cagcaccage
ggcgatggty
ggggcttgtyg
cataatageg
tggcgtegge
aaagtcgatc
agaaatgggt

aatttctett

giraitia grosvenorii DNA sequence

atgcttccat
60
gecgetagaa
120
ccaaaactet
180
teogeoggage
240
tegetcaage
300
aacccggact
360

ggctggetea
acttccacat
cteagaaget
tcocteogea
gagctttega

tgctcatcta

cggccatgte
attcttetge
ctectoccac
cogocacace
catggcoget

cgacttocty

89

caagtggcett
ctttectegaa
gttcttecaca
ggccacaaaa
gtcaatagtt
aagaaagttyg
ggttattcaa
tcatttggaa
gagctgagcg
accattgaaqg
gtgaagggtt
agtcactgtyg
gteccgatge
gtggaagcca
aaagaagtgg
gagattttga

ttgegeaaaa

tccectttet
tccaccgeoy
gtggagctgy
accgooggoo
cocgecttog

cageoegtggg

PCT/EP2015/072645

catccctcaa
cgetteoacce
atcactggag
ttgaagaaac
tcagagaget
ttecggtegg
gcatcaaaaa
ccgaatactt
aggttaattt
acgecttgeo
gggetoctea
gatggaactc
atctggacca
agcgaggtte
tgattgagaa
ggagtaaagyg

aggctcocatyg

tecgagetege
taaacctceog
tggagctcaa
ttcecaccgea

cegoecatect

cggcggcgga

cattccagec
tactcactac
agccatgtac
acttgcgaat
tgagacgaaa
tcetttggtt
ttggecttgac
ccegtcoaaag
catctgggteo
gaaggggttt
ggcgaagata
gatgatggayg
gccctttaac
ggacggcaaa
aaccagggaa
agatgagaaa

ttcaatttaa

caagttgete
cteecgtcgaa
cctaccgeoce
ccteatgttce
cocgegacctyg

ggctctgtoeg
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gcggatatte
420
tacgagectga
480
gagtgcgaga
540
aagcaaagga
600
agagaaatcyg
660
ccagttggte
720
tggctaaatyg
780
ctygtccagag
840
atatgggtcg
900
ctgccaaaag
960
ccgecaggete
1020
agctceegteg
1080
gaccageogce
1140
gacggoogoc
1200
gdagagagag
1280
aatgaagaga
1320
gaggaggatt
1380
gtegtgaaga
1434

SEQ ID NO:28

cggecgtgat
cgtbttcecgaa
ttaaacagct
ttaagggatg
aaggcaaata
cacttgtteca
gaaaagatag
aagacatgga
tcaggttteco
ggtttctaga
agabcttgaa
tggagagcat
tgaattccocg
teccggggaga
tgaggaagaa
tggacgtagt

tacagagtaa

ttgaagatge

gttcaaaagc
ctotgatttt
gaagaacttyg
ttatgagaga
tattgatttt
acaaacagaa
atcgtettece
agagatogog
gycgggagga
gagagttaga
acatccaage
gaaattogge
gctggtegag
ggtggagaga
ggtggaggayg
cgtggaagag

ttattggtge

tgcagcagcec

Siraitia grosvenorii DNA sequence

atggctgtca
&0
actcecattte
120
atcoccaacga
1890
tttgtcceea
249

cttacagceot
tccaagtete
aaacgctaac

tcactgttoo

gcacatagca
caacaagett
caaattgcag

tcatgttgat

PCT/EP2015/072645
acgggtgcge tcatggegge catggtogeg
ttctegettt tcectygagat tegtecteteo
ttteaatgtt ctgtgaatga tgegaaagac
tcttgeggea tgattttggt gaaatcttte
ctectotacte tgetgggcaa gaaggttgtt
gacgacgtcg tatcaggaag ttttgacgaa
atactcegtgt ctttoggaay  cgagttctac
catggecttag agctgageca ggtgaacttc
gagagaaaca  cgacaaaggt ggaagaagaa
gagagaggga tggtggtgga  gggctgggcg
gtcggeggat toccocteageca ctgoegggtygg
gtteeogatea tegecatgeo gatgcaccte
cggcteggeg  teggegtagt ggtggagaga
gttgtcagay aggtggtggt ggagaaaagt
tttgcagaga tcatgaagaa gaaaaaagac
ttggtgacge tctgeaggaa gaagaagaag
agaaccgeca ttgatgacca ttgttctgaa

gacgaggagc ctetttgcaa ataa
atgtaccctt  ggtbttgettt cggecacttg
gocaaggaag gccacaaaat ctectbctte
cetttecaato tctttecaga tctecattace
ggtcteocto ttggagctga gactactgcet
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gatgtttctc acccttcaca
300
gaaatcgagt gtettetoeg
360
tgggtgccaa aattggcatg
420
geagtatcaa ttggttatgt
480
actgaagatg attttatgeca
540
gctcatgagg ctcgatattt
600
ttctttagtco geccatettac
660
agggagattg aagggecttt
720
cttteocggag cagtggatct
780
tggctatcag  ggttcaacac
840
ttagcaaaaqg accaattcca
900
tttgctgecac ttaaaccace
960
tttgaacaga gagttcaggg
1020
attttggage acccatcaat
1080
gagygcgttag tgaagaagtg
1140
cgadgcaagaa tgttgagcaa
1200
gatggatctt ttacaaagga
1260
aatgaaactyg ggaaagagtt
1320
gaagatcteg aggagtctta
1380
tga
1383

SEQ 1D NO:29

gctecagtete
agacataaaa
tggattgggc
tttgeececta
gecatcteet
tgcatctetyg
tgcacttaat
tatagactat
acaaccgecea
cgactcggte
agaactgctg
ttttggtgtt
aagaggggtg
tggatgettt
tcaattagtg
ttatttgaaa
aagtgtgtgyg
cagagcgaac

tatcaacaat

atcatgactg
cctgatgeca
attaagtcga
ttaaggaaag
ggctacccga
agcecegetgga
gaatgcoaaty
ccagaaagtyg
accacaactg
gtatattgtg
ttgggttttyg
gacteggttg
gtctatgggy
gttacacatt
ttgttaccte
gttggtgtgy
aaggcagtga
cgtgecaaga

ttecatccaca

PCT/EP2015/072645

ctatggattg
tcttettega
ttgattacag
tttgtggaca
gttcecaccat
ggtttggcag
ctttageatt
aattaasaaa
tagaagaaaqg
catttggaag
agctttcaaa
aagcagectt
gatgggtcca
gtggatcagy
gtatcggtga
aggtagagaa
agacagtgat
taagagaget

geetgeatac

cacccaaccc
tttegogeac
tgtetgttcot
agatttatta
caatcttcaa
tgatgtccoct
caggtcatgt
geetgtgttg
atgggcaaaa
tgagtgtacc
tatgccatte
gecetgaaggt
acagcagecte
ctocttatea
ccacttttte
aggagaagyga
ggatgaagayg
attgctegac

tttgaatgea

Artificial zequence; Partial nucleotide sequence from Siraitia dgrosvenori

atggeggatc
60
cctttitctag
120
gtaaatacte
174

ggaaagagag

ctttggeeoct

ctotcaacgt

cgttgtgatyg

ccagattgag

taagaaaatg

91

ttcocgttca tggggcaggg ccatatcate
cacagaaaca gaaactacge catatacttyg
agatcttecte tcoctecaga ttga
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SEQ ID NO:30

Siraitia grosvenorii DNA segquence

atggaagcta
60
tcaccatttg
120
tetteceotyg
180
attgaactcg
240
accaatggee
300
cecgeacttet
360
caaccctygg
420
gttggatctg
480
ccetttoocg
540
teeggeaacy
600
gagactattt
660
gtettactga
720
gacgatgaat
780
gtttcgtteog
840
ctggaaateca
800
goecattgaag
960
gttgatggat
1020
tcteactgeg
1080
ctgocgatac
1140
gtgagggega
1200
aaagaagtgyg
1260
gaaatcttga
1320
ctttotgacyg
1347

agaactgcaa
tagagctgge
caaatcttea
tggagctcaa
tcoetttgea
cocgecatttt
cggctgaaat
ctataaccge
agecttactaa
atagaggaaa
tggtgaacag
agaagaagat
cgggaatcet
ggagtgagta
gcggegtcaa
aggcattacc
gggegecgea
gatggaactc
acctcgaaca
agagagacga
tggttgagga

asaataaaga

aaaggttctg atgttceccat
caagaagctc  acagacaaca
aaacgtcaag ccaaaactec
ccttecateg tcgocggage
tttagttece accetegttg
acaggaactg aatccagatt
cgettecteo tteggegtte
tttaggggtt cattttgtcc
atcattcaag  aaggaggacyg
acggctatte aaatgtctge
ttttacagag atagagggca
cctteocgatt ggtectttgg
coggtggett gacaagaaga
ctatttgage aaagaagaca
tttecatetygy attgtteggt
agatgaattt cttgaaagag
gatgaaaata ttagggeatt
tgtgctggayg agtectggtyge
gecgtggaac gecttggtag
cggaggaaat cttcaaagag
aacaggagcg  gaactgagaa
agctgaaaca atacaagatt
caagaagage

92
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ggctggogea tggtcacata
acttcgeegt ttttctatgt
cccatcacta ctetgatteeo
ttceococectea tatgcacacc
acgoccttgga catggcoget
ttectecatatt cgacatctte
ctgetatttt gttgcttatc
ggagetocogyg tacggaattce
accgaaaacc tcecaggagat
tggacctgga acattcttca
aatatatgga ctatcteteg
ttcagaaaat tggectocgat
aaccgaattc  aactgtgtac
tagecagagcoet tgogeatggt
ttocaaaggy agagaaaatc
tecggagagag  aggcogtoegtce
cgagegtogy cgggtttetyg
tcggegtgec gatcatatcc
cggagcacgt cggegtttgt
agttggtgge ggaggccatt
gcaaagcaaqg agtaattagt
tggtggctga gettecaccgg

ttgttga
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SEQ ID NO:31

giraitia grosvenorii DNA seguence

atggaaaaaa
&0
ttttttecace
120
ccaagaaata
180
gtggeecatte
240
tctgatatte
300
cocttecaaga
360
tattgggeeyg
420
teggecateot
480
atggcacgaa
540
gcegtagect
600
gggtctggaa
660
gecattcgaa
720
ccaccgeagy
780
gagctcatcea
840
agcgaatgea
800
gagctgcocat
960
ctgcecgtety
1020
cegeagttgyg
1080
ggctcetatta
1140
gaccagceogo
1200
aacggttctyg
1260
cggtcegtotyg
1320
ggagatgaga
1380

atcttcacat
tctocatage
ttcagagact
ccttgecegayg
cgatcgacaa
agtttgtege
gcgagatceta
gtttgcttta
tatctcecegt
acaacttgca
taagcgactyg
gotgegagga
ggattgcegt
aatggcttga
acctgacgaa
ttttatggygc
ggtttcgtga
agattctygge
tcgagteget
tgaactcaaa
atggatggtt
aggaaggcegy

agetgoagtyg

agtgatgctt
cttageocaaa
yeccocaaatce
actcogacgac
gattcagtat
cgaacaateg
ccaggagttt
tcttggacct
taccatgacg
tgaggcgacy
cgagaggatt
gattgaagge
cggectbtgett
cgagcaaaag
ggaccaagtt
actgaggaaa
gagaacgtcec
gcaccaggcco
acaagctggg
gettttggty
tagtagagaa
gcagctgagy

ggaacaatac

93

ccatggtegy
gccaaagttt
ccgecggact
gatctgttge
ttgaagcgag
ccggactggyg
caagttcocy
cocagacgtgt
gtgccgeegg
gteatgtact
cgecggeteyg
gaatacctta
cegocggaaa
ctecgattog
cacgagatag
cccagetggg
gggagaggayg
atcggegtet
cactgtctygg
gagaaaggga
gacatcgcooyg
agccecgtgeaa

tteggegegt

PCT/EP2015/072645

cgtteggeca
atatcteoctt
tagetteottt
tagaatctge
ccgtecgacct
tegtegttga
tegectactt
attcgaagga
agtgggtcgg
ctgctcteta
tcetttocty
ggttatgtaa
agccaccaaa
tcgtgtacgt
cccacggget
cagctgagga
tggtgagecat
ctttagttea
ttgtgctgeco
tggcgettaga
gaactttgag
aagaggcggc

tegtacagtt

tctecatacea
cgtetecact
catagatttqg
agaggccact
cctecgecac
ttttecatget
ctgtattttc
tcectecagate
ttttcecgteco
tgaaacaaat
tcaagecegty
gaaactgatt
atcagatcac
gacattocgge
ggaactgtcg
agacgatggy
ggagtgggtyg
cgggggctgyg
gtttatcatc
gatcagaagyg
agaagcetatyg
ggccategtt

tctgagggac
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aagtcttga
1389

SEQ ID NO:32

Siraitia grosvenorii DNA segquence

atgtcecgagg
60
atgaacgccg
120
atatctccat
180
tgttettege
240
tecattgaac
300
acgaccaaaqg
360
geecectgatt
420
ttececagecat
480
gtcaccggag
540
tteceoctttce
600
tcegacgaat
660
aacatcactc
720
tectegttta
780
gacgagaaat
840
gtttoygtttg
900
ttagaaaaga
960
accattgaag
1020
atcgacgggt
1080
tgcecactgeg
1140
ttgeegatge
1200
gcggaggoega
1260
aaagaggtgg
1320

agaaaggcayg
agaaacgaaqg
acttocgagcet
ctgtaaatect
ttgtggaget
gcatccctet
tttcecgacct
gggceagttca
tcgetgttet
cggaactcoga
taggtogega
tagccaacac
agaaaaagatl
cggaaattat
ggagtgagta
gcggegtgaa
aggctttacc
gggegccgea
ggtggaactc
agctcgateca
agagagacgt

tgtttgagaa

agggcacagce
caccaaaatc
cgccaagagq
ccaaggeate
tcatctteca
acatctacaa
gttgcagaaa
attagcgteg
tagtcgtttg
tctaaccgac
gtgegegatyg
tttececgayg
tcttecggtt
cgagtggctt
ttatctgacy
tttecatotgg
agaaggattt
gttgaaaata
tgtggtggag
gcocatggeat
tgaagggagc

gaaggygggy
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tegtegacgyg
ttgatgctec
ctcaccaaga
aagcoocgaaac
tcteteocceg
tccaccctea
ctegageogy
toteggaaca
getcacgtgt
cattggatct
cgatttttca
ttegaagaaa
gotectetag
gacaagaaga
aaagaagaca
gttattaggt
cteogagagag
ttgaggcatt
agcgtggtgt
gcgaaggtgy
gttcagagayg

gttotgagty

PCT/EP2015/072645
agagacacac tgectgecgec
catggctgge tcacggecac
aaaactgceca cgtttacttg
toctectgaaaa ttactcttece
acctteetoo ccatatgcac
tcaaagcctt cgacatggec
atctegtecat ttecgatete
ttocegtegt caatttegtt
tttgeaacte cgttaaggaa
ccaagagecg  ccgcaaaacg
actgcatgaa  acaatctteca
aatacatcga ttatctetet
ttcotgaaat cgacgoagac
aaccgaaatc gactgtttac
gggaagagct — cgeccatgge
ttccaaagyyg cgagaagatce
taggggacag gggagtgatt
caagogtggyg — cgggttogtg
ttggggtgec gatcatagee
cggaggacgg  cggcgtctgt
aagaggtggc gaaggccatt
gaaaagcaag  agagatcage
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gaggccttga gaaagaggga
1380
ctotgtgaag
1385

SEQ ID NO:33

Artificial
grosvenoril

ttotgetoca
60
gattcgatce
120
catacagcca
180
gttgctccoca
240
attctectte
300
actatttteg
360
cttecatttce
420
aaggaccaag
480
ttgatcaaaa
540
acgaagaagqg
600
aagcagtact
660
gtttegtttyg
720
ctggagagceyg
780
acggaggtcg
840
gtggtcgagyg
900
gtgageccaca
960
ggegegeeyga
1020
ggtttggaaa
1080
atcaagacqgy
1140
agcagcattt
1200

sequence;

cgcectgtaaa
aactaatgga
aaggocttec
atctecgaatce
catggatget
gtgccatgge
cagaatttga
cggaaagtea
ctteccagaga
ttgtgaccac
ccgatateat
ggagcgagta
ccagegaggt
aggcggeget
gctgggetec
acgggtggag
tgcaacttga
tcaagagaga
tggcggtggg

tgaagatgaa

95
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aggggaaatc atagaggaat tggttgctga
Partial nuclectide seguence

tttggaageco attaaaccaa agctttccaa
ggttcctete gaatcgacgce cggagettceo
geegeattta atgcccaaac tcatgaatge
gatcctaaaa accctaaacce cagatctget
tcecactcoget tcatcgetea aaattccgat
catctcettt atgatttata atcgaaccgt
acttcacgag tgctggaaat cgaagtgece
atcgttetta gaatacttgg atcaatctte
gattgagget aagtatgtag actttctecac
cggteccoccecty gttcageaac cttcocttecgg
cgaatggceta gacaagaagg agocgttate
ttatctgtea Aaggaagaga tggaagaaat
gaatttcate tggattgtta ggtttcegat
geeggagggy  tteatccaga gggcaggaga
gcaggcgaaa atattggegce atccgagecac
ctcgattgtyg gagtgcttga tgtceggtgt
cgggecaate gtogcaaggce tggtggagga
tgaggaaggy  agaatcacga  ggggcgaagt
caaaaccggg dJaagatttta  gaaggaaagce
agatgaagaa  gaggttgaca ctttggcaat

from

gtttcaccag

cttga

Siraitia

aagctactct
tectcactat
ctttaaaatyg
catcgtogac
ggttttotte
ctcgaacgag
ctatttgtte
aggcgtaatt
ttegteogttt
cgaagacgag
gacggtgctc
cgcotacggyg
gggacaggaa
Jgagagggaaa
cggoggecat
accggtgatc
gatcggegtyg
tgoccgatgea
aaaaaaaatc

ggaattagtyg
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aggttatgece
1242

SEQ ID NO:34
Artificial
grosvenorii

tceceggteaa
60
atggtctacce
120
gggacgtctyg
180
agaagctcce
240
ccagttgtte
300
gatatcaagg
360
accgaggoga
420
gggataccat
480
gceegggttea
540
gtgaagatac
600
atcatagagg
660
ggattgaacyg
720
cgagatggat
780
agttcaggeg
840
gatgagaacg
300
cagtcecgagt
912

SEQ ID NO:35
Artificial
grosvenorii

ctgctgeooga
60
acggtggata
120

PCT/EP2015/072645

aaatgaaaaqg agggcaggag tctecaggact aa
sequence; Partial nucleotide seguence from Siraitia
cggtagagga  cttcacggag cttegagagt  ggatgectte  tggatcgaac
ggtaccacga gattaaaaaa tcecttagatyg gagcaaccgyg caacgaatceg
attcggteeg attcggaatt gtgattgagg agagtgttge tgtggcoctgta
ctgaactgga accggaatgy ttcgatttge tegogaaget ttaccagaag
cggtaggatt tctaccteca gtaattgaag atgcggaaga attgagcage
aatggttaga caaacagagc tcaaactcgy tocetttacgt cgecatteggy
ctctgagtca  agatgacgtce actgagttag ccatgggget tgagcaatct
ttttetgggt actgagaacc tcaccteggg acgagtcaga — catgttaccg
aggagcgagt cgaaggtega ggaagtgttc acgtgggatyg ggtctegeag
tgagtcacga ctoggttgge ggttgtttga cacactgtgg atggaactcg
ggctcoggatt cgggegegtt atggtattgt ttecagtegt gaacgaccag
ctagattgtt gggggagaag  aagctcggga  tagagataga — aagggacgag
cgttcacacy cgactcoggtg teggaategg tgaggtcogge aatggeoggaa
aggccttgag agtgagggec agggaaatga aggggttgtt tggaaacgga
agcatcaact gaacaagttt gtacaattte tcgaggcaaa caggaatagy
aa

seguence; Partial nuclectide seguence from Siraitia
ttcegetgee gaaaccggcco gcegatetet tgccggaagy tgcagaggceyg
ttcegteega caagattecey tatctgaaat tggcoctega tctegeocecgag
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cagccgttte ggaagttcgt cgttgatcegt ccgeeoggatt ggatgatcgt
180
getacttggy tctgcgatat ttetegggag cttcaaatcee caatcgtrtt
240
ctttegeoctyg gatttcttge tttettbgeg catgttcttyg ggagtggtet
300
gagatcgaaa gectgatgac tcecgecggtyg atcgacgggt cgacggtgge
360
catgaagctyg ccgttatttyg tgctgggttt tttgagaaga acgcttetgg
420
cgegatcggyg taaccaaaat tctoctetgee agtcaagcaa togeagttog
480
gaatttgacy ttgagtattt gaaattgtac gagaaatatt gtggaaaaag
540
crtagggttte tceocteccaga aaagccccaa aagtcecgagt tecgeegeega
600
aaaccgacct tecgagtgget tgacaaacaa aagcccogat cagtggtgtt
660
ggcagcegaat gcaaactcac gaaagatgat gtttacgaga tagcgegegy
720
tcggagotge catttttgtyg ggctctgaga aaaccgatct gggcggcegge
780
gacgetetge ctgeceoggatt coctegagogy acggoggaga gagggattgt
840
tgggegecgo agatggagat tttaacgcac ccgtogattyg gecggetetet
300
gggtggggat ccgocattga agctctgcaa ttocgggeatt geettgtict
960
atcgtggatc agccactgaa tgcaaggett ctggtggaga agggtgttgce
1020
ggaagaaagq aagacgggtc ttttagtgga gaagacatag ctaaagectct
1080
atggtttcag aagaaggtga geagatgagg aggcaagcga
1125
SEQ ID NO:36
Artificial sequence; Partial nucleotide sequence from
grosvenorii
atggaaaacy acggegtttt gcacgtggtyg gtattcccat ggctagectt
60
attcecttteg ctegactege cacctgctta geoecacaaqgg gtctcagggt
120
tcaaccacaa ggaacctgag cagaattcce aaaatacccc cacatctcto
180
aacctegteyg gettteoctet goeocacgte gacggoctte cggacgoege
240
tcogacgtge cttacaacaa gcaacagtta cbtgaagaagqg ccttogacte
300

97
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cgattttaat
ctttegtgtt
geegetgtog
gtaccgceygyg
tatgagtgat
ttcttgctac
agtgattoct
ttegecatgy
cgtecggatte
ggtggagctyg
ggacgattcc
gagcatgggy
gtttecacgee
gttgceattce
agtcgaagtt
gagagaagct

gaaag

Siraitia

gggtecatcto
ttegticgta
ctcocecteoegto
cgaggettcoc

tctggaatca
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ccgotogoog
360
cattggette
420
accgoggogt
480

cggtga

486

SEQ ID NO:37
Artificial Sequence;
Hydrolase 1

atggacgcega
60
aagygagagg
120
agacatcaaa
180
ggctacgygygy
240
ggagatcteg
300
gattggggty
360
tttgtttgtce
420
atgagagoct
480
gaagaggaga
540
cgtectggac
600
actgecattge
660
casaagggcet
720
actgcgteat
780
gacatggttt
840
gacgttccat
900
gaaaaacctg
954

SEQ ID NO:38

atttgetteg
cgeagctcge

ttettgeottt

ttgaacatag
gacctgtogt
tattggctet
atacagatgc
tggctetagt
ccatgatcge
tctecgteoce
ttttcggega
tggcteaagt
caccaatctt
catcttgget
ttacaggcceo
ggactggtgt
ttacgactcce

ttttacagga

aggagattte

tgatttgaat

ggcggagetce

tettggeceea

aaccgtaagt
gttgttgete
ttectettta
cccagggtea
tgagtctctyg
ttggtgtttg
attcagacag
tgattactat
gggtgcaagy
accaaaaggg
atctgaaaaa
actaaactac
ccaagttaaa
tggtgtaaag

agtggtaatc

atctcatata

Siraitia grosvenorii protein sequence

98

ccegattgga
cgtatctegt

cogteggegt

PCT/EP2015/072645
ttatctacga ttacgectet
ctgttttett cagectette
tgtcoggega cggeagttoo

Codon-optimized nucleotide sequence encoding Epoxide

gttaatggta  tcaatatgca  tgtggcagaa
catggtttec cagaattgtg gtacagttgg
ggttacagag ctgtegeacce agacttacga
atttcatcat acacatgett tcacatcgta
ggtatggaca gggtttttgt tgtagecccac
tgtectgttta gacctgaaat ggttaaagct
agaaacccta  agatgaaacc  agttcaaagt
atttgcagat ttcaaaatce tggggaaatce
gaagtcttaa gaggaattct aacatctegt
caagetttta  gagcaagacc  aggageabcco
gatctgtcecat ttttegette taagtatgat
tacagagcca tggatcttaa ttgggaattyg
gtacctgtca aatacatcgt gggtgacgtt
gaatatgtca acggcggtag tttcaaaaaqg
atggaaggceg ttggtecattt cattaatcag

cacgatttca taagcaaatt ctaa
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Met Asp Ala Ile Glu His Arg Thr Val Ser Val Asn Gly Ile Asn Met
His val Ala Glu Lys Gly Glu Gly Pro val Val Leu Leu Leu His Gly
20 25 30

Phe Pro Glu Leu Trp Tyr Ser Trp Arg His Gln Ile Leu Ala Leu Ser
35 40 45

Ser Leu Gly Tyr Arg Ala Val Ala Pro Asp Leu Arg Gly Tyr Gly Asp
50 55 60

Thr Asp Ala Pro Gly Ser Ile Ser Ser Tyr Thr Cys Phe His Ile Vval
65 70 75 80

Gly Asp Leu Val Ala Leu Val Glu Ser Leu Gly Met Asp Arg Val Phe
8BS 90 95

val Val Ala His Asp Trp Gly Ala Met Ile Ala Trp Cys Leu Cys Leu
100 105 110

Phe Arg Pro Glu Met vVal Lys Ala Phe Val Cys Leu Ser Val Pro Phe
115 120 125

Arg Gln Arg Asn Pro Lys Met Lys Pro Val Gln Ser Met Arg Ala Phe
130 135 140

Phe Gly Asp Asp Tyr Tyr Ile Cys Arg Phe Gln Asn Pro Gly Glu Ile
145 150 158 160

Glu Glu Glu Met Ala Gln Val Gly Ala Arg Glu Val Leu Arg Gly Ile
165 170 175

Leu Thr Ser Arg Arg Pro Gly Pro Pro Ile Leu Pro Lys Gly Gln Ala
180 185 180

Phe Arg Ala Arg Pro Gly Ala Ser Thr Ala Leu Pro Ser Trp Leu Ser
195 200 205

Glu Lys Asp Leu Ser Phe Phe Ala Ser Lys Tyr Asp Gln Lys Gly Phe
210 218 220

Thr Gly Pro Leu Asn Tyr Tyr Arg Ala Met Asp Leu Asn Trp Glu Leu
225 230 235 240

Thr Ala Ser Trp Thr Gly Val Gln Val Lys Val Pro Val Lys Tyr Ile
245 250 255

Val Gly Asp Val Asp Met Val Phe Thr Thr Pro Gly Val Lys Glu Tyr
260 265 270

99
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Val Asn Gly Gly Gly Phe Lys Lys Asp Val Pro Phe Leu Gln Glu Val

275

Val Ile Met Glu Gly val Gly His
285

290

280

Glu Ile Ser Ser His Ile His Asp Phe Ile

305

SEQ ID NO:39
Artificial Sequence;
Hydrolase 2

Phe Ile Asn

Ser

285

Gln Glu Lys Pro Glu

300

Lys Phe

310

315

Codon-optimized nucleotide sequence encoding Epoxide

atggatgaaa tcgaacatat taccatcaat acaaatggaa tcaaaatgea tattgcgtea
60

gteggcacag gaccagttgt tctettgeta cacggettte cagaattatg gtactettygy
120

agacaccaac tactttacct gtcctocgtt gggtacagag caatagcotec agatttgaga
180

ggctatggeyg atactgacay teccagetagt cctacctett atactgctct tcatattgta
240

ggtgacctgg tcggegeatt agacgaattyg ggaatagaaa aggtecttttt agtgggtcecat
300

gactggggtyg ctattatege atggtacttt tgtttgttta gaccagatag aattaaagca
360

cttgtgaatt tgtctgteca gtttatcoca cgtaacccag caataccttt tatagaaggt
420

ttcagaacaqg ctttbtggtga tgacttctac atttgtagat ttcaagtacce tggggaagcelt
480

gaagaggatt tcgoegtcetat cgatactget caattgttta aaacttcatt atgcaataga
540

agctcagecc cteettgttt gcctaaagayg attggtttta gggctatece accaccagaa
600

aatctgecat cttggcteac agaggaagat atcaacttct acgcagcocaa gtttaaacaa
660

actggtttta ctggtgccoct taactattat agagcattcg acttgacatyg ggaattaaca
720

gecececatgga caggagoecca gatccaagtt cctgtaaagt tcatagttgg tgattcagat
780

ctecacgtacce atttcecoctgg tgctaaggaa tacatccaca acggagggtt taaaagagat
840

gtgeccactat tagaggaagt tgttgtggta aaagatgcet geccactteat taaccaagag
900

cgaccacaay agattaatgce tcatatteat gacttecatca ataagttcta a
951

SEQ ID NO:40

Siraitia grosvenorii protein sequence

100
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Met

His

Phe

Ser

Thr

65

Gly

Leu

Phe

Ile

FPhe

145

Glu

Leu

Phe

Glu

Gly

225

Ala

Gly

Asp

Ile

Pro

val

50

Asp

Asp

Val

Arg

Pro

130

Gly

Glu

Cys

Arg

Asp

210

Ala

Bro

Asp

Glu

Ala

Glu

35

Gly

Sex

Leu

Gly

Pro

115

Arg

Asp

Asp

Asn

Ala

1958

Ile

Leu

Trp

Ser

Ile

Sexr

20

Leu

Tyx

Pro

val

His

100

Asp

Asn

Asp

Phe

Arg

180

Ile

Asn

Asn

Thr

Asp
260

Glu

Val

Trp

Arg

Ala

Gly

85

Asp

Arg

Pro

Phe

Ala

165

Ser

Pro

Phe

Tyr

Gly

245

Leu

His

Gly

Tyr

Ala

Ser

70

Ala

Trp

Ile

Ala

Tyr

150

Ser

Ser

Pro

Tyr

Tyr

230

Ala

Thr

Ile

Thr

Ser

Ile

55

Pro

Leu

Gly

Lys

Ile

135

Ile

Ile

Ala

Pro

Ala

215

Arg

Gln

Tyr

Thr

Gly

Trp

40

Ala

Thr

Asp

Ala

Ala

120

Pro

Cys

Asp

Pro

Glu

200

Ala

Ala

Ile

His

Ile

Pro

25

Arg

Pro

Ser

Glu

Ile

105

Leu

Phe

Arg

Thr

Pro

185

Asn

Lys

Phe

Gln

Phe
265

Asn

10

Val

His

Asp

Tyr

Leu

90

Ile

Val

Ile

Phe

Ala

170

Cys

Leu

Phe

Asp

Val

250

Pro

101

Thr

Val

Gln

Leu

Thr

75

Gly

Ala

Asn

Glu

Gln

155

Gln

Leu

Pro

Lys

Leu

235

Pro

Gly

Asn

Leu

Leu

Arg

60

Ala

Ile

Trp

Leu

Gly

140

Val

Leu

Pro

Ser

Gln

220

Thr

Val

Ala

Gly

Leu

Leu

45

Gly

Leu

Glu

Tyr

Ser

i2s

Phe

Pro

Phe

Lys

Trp

205

Thr

Trp

Lys

Lys

Ile

Leu

30

Tyr

Tyr

His

Lys

Phe

110

Val

Arg

Gly

Lys

Glu

190

Leu

Gly

Glu

Phe

Glu
270

PCT/EP2015/072645

Lys Met
15

His Gly

Leu Ser

Gly Asp

Ile val

80

Val Phe
95

Cys Leu

Gln Phe

Thr Ala

Glu ala

160

Thr Ser
175

Ile Gly

Thr Glu

Phe Thr

Leu Thr
240

Ile val
255

Tyr Ile



WO 2016/050890

His Asn Gly Gly Phe Lys Arg Asp Val Pro Leu Leu Glu Glu val val
275 280 285

Val Val Lys Asp Ala Cys His Phe Ile Asn Gln Glu Arg Pro Gln Glu

290 295 300

Ile Asn Ala His Ile His Asp Phe Ile Asn Lys Phe
305 310 315

SEQ ID NO:41

Siraitia grosvenorii DNA sequence

gtggggcegt
60
ctaccgttga
120
cgacaagact
180
tacgaatcaa
240
cgtgtcatcg
300
ctgaaacaag
360
cgagttettt
420
ttctacctee
480
gagetgtttg
540
cecggtgaac
600
gacaccaaac
660
ggtceggtte
720
cggotgecac
780
gcgteggagy
840
cacaacttgg
900
aatatgataa
960
ataagatccg
1020
cogotgatga
1080
tacgggegag
1140

cgtctgttga
ggaagattcc
atttttacaa
ctgtgtacag
ttttactega
acgtcttcac
cttatctcga
tcaagtaccg
agactctgga
aggeggegtt
tgggaaacga
tcactettgg
cggogettgt
ctgtgtttge
tcttegecac
aatggatcogg
cegteaaage
agtccgtagt

cgaadgagga

agctecocteag
cggggactat
tcaggggagy
aactaatatg
cggecaagage
cggaacttat
cecectocgag
tecgegacaag
gaaggaggtyg
taacttecttg
cgetcecgagt
tctteoccaaqg
gaaatcggat
ggaggcggat
gtgcttcaat
acgtgccgga
ceacggogge
gtacgaaacyg

cotggtgate

cggacgattt
gggecegeegt
gaggagttcc
ccaccaggtc
tteococtgtac
atgcecttaa
ccegatcacyg
attetgoegg
gotgoogeog
goteggteote
ttaatatcca
cctgtegagy
taccagegge
agattgggea
tecectteggay
gtgaatctce
aagatcacga
ctcagaateg

gagagecacyg

102
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cgaagoctga
tgttgggtece
tgagatcacy
cctttatcote
tettegacgt
cggagetcac
agaagcttaa
agtttcactce
gtagagcaga
tgtteggege
aatgggtgcet
agettcotect
tgtacgattt
ttgegagaga
ggatgaagat
atacggaget
tggeggetat
aacccceggt

acgcogottt

acagagggad
gattaaggac
catgaacagg
ctcegattet
ttoctaaagtt
tggeggetac
acagttccte
tacctttteg
ttataatgat
caaccogooe
gtteocagetg
gcgaaccgte
cttttacgag
ggaagcgtgt
coctettecee
cgcacgggayg
ggaacagatyg
tcctgogeaa

cgagatcaaa
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gaaggggaaa tgttgtgtgg
1200
agatccgaag aattcgtace
1260
gtgctectggt caaacggacc
1320
ggcaaagact tcatagtett
1380
gactocticg acattgaagt
1440
ctgaagaagg
1461

SEQ ID NO:42

Artificial

cucurbitadiencl synthase

atgtggagat
60
agtataagta
120
caacaattgt
180
aagcaatctt
240
aagactgctyg
300
agtttggaaa
360
tcagacttgy
420
ggtgttttga
480
aaccatcaaa
540
ggtagtgcat
600
atgcctaagg
660
ggtaaattgt
720
cctgaatttt
780
tgcagaatgg
840
acacctatcg
9S00
tggaacaagt
960

Sequence;

tgaaagtagg
atcatttggg
tgcaagtaca
cagatttgtt
gtgttaaatt
gagcettgte
gtggtccaat
actctgtatt
acgaagatgg
tgaattatgt
caagagcctg
ggttaagtgt
ggkbtgttcce
tttacttgee
tcttgteatt

ccagaaacac

gtaccagecca
ggatoggtto
ggagactcaa
cgtetoceoge

cgcagctteg

Codon-optimized

tgctgaatec
tagacaagtc
taaggctaga
catcaccatc
gaaggaaggt
tttetactet
gttcttgtta
gtcaaagcat
tggttggggt
cgecttaaga
gatattagac
cttaggtgta
ttacttttta
aatgtottac
gagaaaggaa

ctgtgctaag
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ttegecacta  gagatccogaa
accggegacy  gogaggagtt
tecccaaceyg ttaaagacaa
ctecectegtey tcgaactett
ccgttgggeyg cogecgteac
caagctttta
nucleotide sequence
gtaggtgaaa  acgacgaaaa
tgggaatttt gtccagatge
aaggcatttc atgatgacag
caatacggca aggaagtaga
gaagaagtta  gaaaagaagc
tcaatccaaa cctetgatgg
cectggtttgg tcattgcett
cacagacaag  aaatgtgtag
ttgcacattyg aaggtcecatc
ttgttaggtg aagatgcaaa
catggtggty ctactggtat
tatgaatggt ctggtaataa
ccattecate ctggtagaat
ttgtacggea agagattogt
ttgtacgeag ttcettacca
gaagatttgt attacccaca

aatattcgag
gctgaagcac
gcagtgeget
ccteocgatac

cataacttcc

encoding

gtggttgaaa
aggtacacaa
attccacaga
aaacggtgge
agttgaatcc
taattgggea
gtacgtaact
atacgtttac
cactatgttt
cgocggtget
cacatcctgy
ccecattgeca
gtggtgtcac
tggtccaata
tgaaatcgat

cocctaaaatyg
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caagacattt
1020
gectaaaagat
1080
gaaaacacca
1140
tgggttgaag
1200
ttgtgggttg
1260
acagcttttt
1320
ttaagaaaag
1380
cctaatgttt
1440
ggttggttga
1500
ttgecatecag
1560
gtcttgttga
1620
tacccatggt
1680
ccatacgtag
1740
cectggtecaca
1800
aacatgcaaa
1860
ggttggttcg
1820
ataagaaaag
1580
tcctacttga
2040
gttaacacag
2100
acteccttige
2160
ccacaacaag
2220
agaaacattt
2280

SEQ ID NO:43
Siraitia grosvenorii protein sequence

Met Trp Arg Leu Lys Val Gly Ala Glu Ser Val Gly Glu Asn Asp Glu

1

tgtggggtag
tgagagaaaa
gatacatctg
atccttatte
cagaagacgyg
ccattcaage
ctcatgactt
ggtatagaca
tttecagactyg
aaactgttgg
gtttgcaaaa
tggaattaat
aatgtaccte
gaacaaagga
gaacagacygg
gtattaaagg
cttgegattt
gttgtcaaaa
cctgggtett
atagagctyge
aaatcatggyg

ttectatatg

5

tttacatcac
ggcattacaa
cttgggtcoca
tgacgctttc
tatgaaaaty
aatagtcagt
cgtaaagtcce
tatccacaaa
tactgctgaa
tgaatccttyg
cgacaacggt
taatcectget
cgctactatyg
aatcgatace
ttettggtat
tttagtecgea
cttgttatct
caaggtttac
gatggcttta
aagattgttg
tgttttecaac

ggotttgggt

gtttacgaac
acagcecatge
gttaacaagy
aagttgeatt
caaggttaca
actaagttgg
agtcaaatac
ggtgecatgge
ggtttgaagy
gaaagaaata
ggtttcecgett
gaaacattcyg
gaagcattga
gecaattgtta
ggttgttggg
goocggtagaa
aaggaattac
actaatttgg
atcgaageeg
atcaactcac
aagaactgca

gaatactgec
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cattatttac tagatggcct
aacatatcca ctacgaagat
tottgaactt gttgtgttge
tgcaaagagt  acacgattac
atggttcaca attgtgggat
tagataacta cggtccaaca
aacaagattyg tcecaggtgac
cattttetac cagagatcat
ctgcattgat gttgtctaag
gattatgega tgcegttaac
cttacgaatt gactagatca
gtgatatcgt cattgactat
ccttgtteaa gaagttgcat
gageegotaa tttettggaa
gtgtttgett tacctacgcet
catacaataa ctgtttggceo
caggtggtgg  ttggggtgaa
aaggcaacag acctcattta
gtcaagctga  aagagatcca
aattggaaaa cggtgatttt
tgataacata tgccgettac
acagagtctt gaccgaataa

15
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Lys Trp Leu Lys Ser Ile Ser Asn His Leu Gly Arg Gln Val Trp Glu
20 25 30

Phe Cys Pro Asp Ala Gly Thr Gln Gln Gln Leu Leu Gln Val His Lys
35 40 45

Ala Arg Lys Ala Phe His Asp Asp Arg Phe His Arg Lys Gln Ser Ser
50 55 60

Asp Leu Phe Ile Thr Ile Gln Tyr Gly Lys Glu Val Glu Asn Gly Gly
65 70 75 80

Lys Thr Ala Gly Val Lys Leu Lys Glu Gly Glu Glu Val Arg Lys Glu
85 90 95

Ala Val Glu Ser Ser Leu Glu Arg Ala Leu Ser Phe Tyr Ser Ser Ile
100 108 110

Gln Thr Ser Asp Gly Asn Trp Ala Ser Asp Leu Gly Gly Pro Met Phe
115 120 125

Leu Leu Pro Gly Leu Val Ile Ala Leu Tyr Val Thr Gly Val Leu Asn
130 138 140

Ser Val Leu Ser Lys His His Arg Gln Glu Met Cys Arg Tyr Val Tyr
145 150 155 160

Bgn His Gln Asn Glu Asp Gly Gly Trp Gly Leu His Ile Glu Gly Pro
165 170 175

Ser Thr Met Phe Gly Ser Ala Leu Asn Tyr Val Ala Leu Arg Leu Leu
180 185 190

Gly Glu Asp Ala Asn Ala Gly Ala Met Pro Lys Ala Arg Ala Trp Ile
198 200 205

Leu Asp His Gly Gly Ala Thr Gly Ile Thr Ser Trp Gly Lys Leu Trp
210 215 220

Leu Ser Val Leu Gly Val Tyr Glu Trp Ser Gly Asn Asn Pro Leu Pro
225 230 235 240

Pro Glu Phe Trp Leu Phe Pro Tyr Phe Leu Pro Phe His Pro Gly Arg
245 250 255

Met Trp Cys His Cys Arg Met Val Tyr Leu Pro Met Ser Tyr Leu Tyr
260 265 270

Gly Lys Arg Phe Val Gly Pro Ile Thr Pro Ile Val Leu Ser Leu Arg
275 280 285

105
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Lys Glu Leu Tyr Ala Val Pro Tyr His Glu Ile Asp Trp Asn Lys Ser
290 295 300

Arg Asn Thr Cys Ala Lys Glu Asp Leu Tyr Tyr Pro His Pro Lys Met
305 310 315 320

Gln Asp Ile Leu Trp Gly Ser Leu His His Val Tyr Glu Pro Leu Phe
328 330 335

Thr Arg Trp Pro Ala Lys Arg Leu Arg Glu Lys Ala Leu Gln Thr Ala
340 345 350

Met Gln His Ile Hig Tyr Glu Asp Glu Asn Thr Arg Tyr Ile Cys Leu
355 360 365

Gly Pro Val Asn Lys Val Leu Asn Leu Leu Cys Cys Trp Val Glu Asp
370 375 380

Pro Tyr Ser Asp Ala Phe Lys Leu His Leu Gln Arg Val His Asp Tyr
385 390 395 400

Leu Trp Val ala Glu Asp Gly Met Lys Met Gln Gly Tyr Asn Gly Ser
405 410 415

Gln Leu Trp Asp Thr Ala Phe Ser Ile Gln Ala Ile Val Ser Thr Lys
420 425 430

Leu Val Asp Asn Tyr Gly Pro Thr Leu Arg Lys Ala His Asp Phe Val
435 440 445

Lys Ser Ser Gln Ile Gln Gln Asp Cys Pro Gly Asp Pro Asn Val Trp
450 455 460

Tyr Arg His Ile His Lys Gly Ala Trp Pro Phe Ser Thr Arg Asp His
465 470 475 480

Gly Trp Leu Ile Ser Asp Cys Thr Ala Glu Gly Leu Lys Ala Ala Leu
485 430 495

Met Leu Ser Lys Leu Pro Ser Glu Thr Val Gly Glu Ser Leu Glu Arg
500 505 510

Asn Arg Leu Cys Asp Ala Val Asn Val Leu Leu Ser Leu Gln Asn Asp
515 520 525

Asn Gly Gly Phe Ala Ser Tyr Glu Leu Thr Arg Ser Tyr Pro Trp Leu
530 535 540

Glu Leu Ile Asn Pro Ala Glu Thr Phe Gly Asp Ile Val Ile Asp Tyr
545 550 555 560
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Pro Tyr Val Glu Cys Thr Ser Ala Thr Met Glu Ala Leu Thr Leu Phe
565 570 575

Lys Lys Leu His Pro Gly His Arg Thr Lys Glu Ile Asp Thr Ala Ile
580 585 590

val Arg Ala Ala Asn Phe Leu Glu Asn Met Gln Arg Thr Asp Gly Ser
595 600 605

Trp Tyr Gly Cys Trp Gly Val Cys Phe Thr Tyr Ala Gly Trp Phe Gly
610 615 620

Ile Lys Gly Leu Val Ala Ala Gly Arg Thr Tyr Asn Asn Cys Leu Ala
625 630 635 640

Ile Arg Lys Ala Cys Asp Phe Leu Leu Ser Lys Glu Leu Pro Gly Gly
645 650 655

Gly Trp Gly Glu Ser Tyr Leu Ser Cys Gln Asn Lys Val Tyr Thr Asn
660 665 670

Leu Glu Gly Asn Arg Pro His Leu Val Asn Thr Ala Trp Val Leu Met
675 680 685

Ala Leu Ile Glu Ala Gly Gln Ala Glu Arg Asp Pro Thr Pro Leu His
690 695 700

Arg Ala Ala Arg Leu Leu Ile Asn Ser Gln Leu Glu Asn Gly Asp Phe
705 710 715 720

Pro Gln Gln Glu Ile Met Gly Val Phe Asn Lys Asn Cys Met Ile Thr
725 730 735

Tyr Ala Ala Tyr Arg Asn Ile Phe Pro Ile Trp Ala Leu Gly Glu Tyr
740 745 750

Cys His Arg Val Leu Thr Glu
755
SEQ ID NO:44

Siraitia grosvenoril protein sequence

Met Trp Thr Val Val Leu Gly Leu Ala Thr Leu Phe Val Ala Tyr Tyr
1 5 10 15

Ile His Trp Ile Asn Lys Trp Arg Asp Ser Lys Phe Asn Gly Val Leu
20 25 30

Pro Pro Gly Thr Met Gly Leu Pro Leu Ile Gly Glu Thr Ile Gln Leu
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35 40 45

Ser Arg Pro Ser Asp Ser Leu Asp Val His Pro Phe Ile Gln Lys Lys
50 55 60

val Glu Arg Tyr Gly Pro Ile Phe Lys Thr Cys Leu Ala Gly Arg Pro
65 70 75 80O

val Val Vval Ser Ala Asp Ala Glu Phe Asn Asn Tyr Ile Met Leu Gln
85 90 95

Glu Gly Arg ala Val Glu Met Trp Tyr Leu Asp Thr Leu Ser Lys Phe
100 105 110

Phe Gly Leu Asp Thr Glu Trp Leu Lys Ala Leu Gly Leu Ile His Lys
115 120 125

Tyr Ile Arg Ser Ile Thr Leu Asn Hig Phe Gly Ala Glu Ala Leu Arg
130 135 140

Glu Arg Phe Leu Pro Phe Ile Glu Ala Ser Ser Met Glu Ala Leu His
145 150 155 160

Ser Trp Ser Thr Gln Pro Ser Val Glu Val Lys Asn Ala Ser Ala Leu
165 170 175

Met Val Phe Brg Thr Ser val Asn Lys Met Phe Gly Glu Asp Ala Lys
180 185 180

Lys Leu Ser Gly Asn Ile Pro Gly Lys Phe Thr Lys Leu Leu Gly Gly
185 200 205

Phe Leu Ser Leu Pro Leu Asn Phe Pro Gly Thr Thr Tyr His Lys Cys
210 215 220

Leu Lys Asp Met Lys Glu Ile Gln Lys Lys Leu Arg Glu Val Val Asp
225 230 235 240

Asp Arg Leu Ala Asn Val Gly Pro Asp Val Glu Asp Phe Leu Gly Gln
245 250 255

Ala Leu Lys Asp Lys Glu Ser Glu Lys Phe Ile Ser Glu Glu Phe Ile
260 265 270

Ile Gln Leu Leu Phe Ser Ile Ser Phe Ala Ser Phe Glu Ser Ile Ser
275 280 285

Thr Thr Leu Thr Leu Ile Leu Lys Leu Leu Asp Glu His Pro Glu Vval
290 295 300

Val Lys Glu Leu Glu Ala Glu His Glu Ala Ile Arg Lys Ala Arg Ala
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305

Asp

Thx

Ala

ITle

Asp

385

Lys

Gly

Cys

Gly

Leu
465
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Pro

Leu

Leu

Pro

370

Pro

Asp

Gly

Thr

Gly

450

His

Asp

Gln

Leu

358

Glu

Lys

Leu

Leu

Phe

435

Gly

Val

Gly

val

340

Arg

Gly

val

Asp

Arg

420

Leu

Arg

Lys

SEQ ID NOG:45
Siraitia grosvenorii DNA sequence

Pro

325

Ile

Lys

Trp

Tyr

Ser

405

His

His

Ile

Phe

310

Ile

Asn

Thr

Thr

Lys

350

Ile

Cys

Ile

Ala

Thr
470

Thr

Glu

Val

Ile

375

Asp

Thr

Ala

Leu

Arg

455

Pro

Glu Glu

330

Trp

Thr Leu Arg
345

Lys Leu

360

Asp

Met Leu Val

Pro His Ile

Ile Gln Lys

410

Ala
425

Gly Glu

Cys Thr

440

Lys

Ala His Ile

Lys Glu

315

Tyr

Leu

Gln

Thr

Phe

395

Asn

Tyr

Tyr

Leu

Lys

Gly

Val

Ala

380

Asn

Phe

Ser

Arg

Ser
460

Ser

Ser

Lys

368

Ser

Pro

Met

Lys

Trp

445

Phe

PCT/EP2015/072645

320

Thr
335

Met Phe

Val
350

Thr Pro

Gly Tyr Ile

Arg His Arg

Trp Arg Trp

400

Phe
415

Pro Gly

Val
430

Leu

Tyyr

Thr Lys Leu

Glu Asp Gly

agggcaggat

atgaaggtcet
60
aattcttecat
120
gttgegatcet
180
cgaagagecy
240
gagccggage
300
acaggcaccg
360
aaggccacat
420

ctcecatttga
ttgagtcogac
taaccacctc
geagtcoggaa
cegaagttga
cogaaggatt

ttagagttgt

gttcatgteg
tggcgaggtt
gatcgeoogte
agttaagaac
agacggcaag
cgcaaagget

tgatttggat

gcaataatta
gecteagtta
atgattggct
gtggagctac
aagaaggttt
ctagctgacg

gattatgcag

109

ttttegagaa
gcttegttgt
ctaageegtt
caatcttett
aggcegaaagc

ctgatgacga

ggaccogtcce
cegtgagetyg
tcteatgtgg
gattgtgeac
cggtacacag
acgatacgag

tcagtatgaa
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gagaagttga
480
ccecactgata
540
tggettecaga
600
aataagattyg
660
aaagttggtc
720
tecattgtgge
780
accecttaca
840
getgctgagg
900
cecetteagat
960
tgtagtecatc
1020
gteggtgttt
1080
ttgtcteoctyg
1140
ggaagetett
1200
gcagatctct
1260
aatccagtag
1320
geccagtetyg
1380
gocaagccce
1440
tactceatat
1500
gtctatgaca
1560
aattctgtge
1620
tcaaacttca
1680
ggattggete
1740
gaattggggc
1800
gaggatgage
1860
Lcacgcgaag
1920

agaacgagtc
atgcogeaag
accttecatta
caaaggtggce
ttggagatga
ctgagttgga
cagectgeegt
acaagagetyg
ctaatgtgygt
tagaatttaa
actgtgaaaa
aaacgtattt
taccacctece
tgaattecacc
aggctgaceqg
tgattggtag
cacttggtgt
catcatcteoo
aaatgccaac
ccatggagaa
agettoctge
cttteagagyg
cttecatatt
tgaacaactt

ggccaactaa

tttecgetgte
attctataaa
tgeggtettt
agatgagcotyg
cgatcagtge
tatgttgett
attagaatat
gatcaatgca
tgtgaggaaqg
tatttetggyg
cttaactgag
ctecatatat
ttttececatece
caagaagtca
attaagatat
ccagaaaagce
cttecttogea
aaggatggcet
aggacgtatt
aagccatgaa
agagagtaaa
tttecttacag
gttectttgga
tgttgagact

ggaatatgtyg

ttcttattgg
tggttcegegg
ggccttggea
cttgaggcac
atagaggatg
cgagatgagg
cgagttgtat
aacggtcatg
gagctccata
tcotgeactea
actgtagacy
actgataacg
tgcaccctcea
gectttgettg
cttgcatcac
cttcttgagy
getgttgeac
ccatctagaa
cataaaggag
tgcagttggyg
gtgeccocatta
gaaagattag
tgcagaaacc
ggtgetetet

cagcataaaa

110
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caacgtatgg cgatggagag
aggggaaaga - gagagygdag
accgacagta cgageatttt
agggaggcaa - ccgecttgtt
acttcagtge ctggagagaa
atgatgcaac aacagtgacc
tccatgatte tgcagatgta
ctgtacatga tgcteageat
cgteegeate tgatcgecteco
attatgaaac aggggatcat
aggcactaaa cttattgggt
aggatggeac tccacttggt
gaacagcatt gactcgatat
cattageagc acatgcttea
ctgccgggaa ggatgaatac
tcatggetga atttccttet
cgoegottgea gecctegatte
ttcatgttac ttgtgecttta
tgtgctcaac ttggatgaag
ctccaatttt cgtgagacaa
tcatggttgg tcectggaact
ctttgaagga atctggagta
gtaggatgga ttacatatac
ctgagttggt tattgecctte
tggecagagaa ggctteggat
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atctggaatt
1880
getaaggatg
2040
tcaaaagcetg
2100
tggtga
2106

SEQ ID NO:46

tgatatcaga
toccaccgaac

agagcatggt

aggggcttac
tetecatact

gaagaatctyg

ttatatgtat

atcatgcaag

caaatgaatg

sirvaitia grosvenorii protein sequence

Met Lys Val Ser Pro FPhe

1

Met Agp Pro Ser
20

val Ile Phe Glu
35

Ala Val Met Ile
50

Ser Arg Lys Val
65

Glu Pro Glu Pro
Phe Gly Thr Gln
100

Asp Glu Ala Lys
115

Leu Asp Asp Tyr
130

Asn Glu Ser Phe
145

Pro Thr Asp Asn
Glu Arg Gly Glu
180

Gly Asn Arg Gln
195

5

Asn

Asn

Gly

Lys

Glu

85

Thr

Ala

Ala

Ala

Ala

1658

Trp

Tyr

Ser

Arg

Cys

Asn

70

Val

Gly

Arg

Ala

Val

150

Ala

Leu

Glu

Glu

Ser

Glu

Phe

55

val

Glu

Thr

Tyr

Asp

1358

Phe

Arg

Gln

His

Phe

Phe

Leu

40

val

Glu

Asp

Ala

Glu

120

Asp

Leu

Phe

Asn

Phe
200

Met

Glu

25

Val

Val

Leu

Gly

Glu

105

Lys

Asp

Leu

Tyr

Leu

185

Asn

Ser

10

Ser

Ala

Leu

Pro

Lys

90

Gly

Ala

Glin

Ala

Lys

17¢

His

Lys

111

Ala

Thr

Ile

Met

Lys

75

Lys

Phe

Thyr

Tyr

Thr

155

Trp

Tyr

Ile

Ile

Gly

Leu

Trp

60

Pro

Lys

Ala

Phe

Glu

140

Tyr

Phe

Ala

Ala

Ile

Glu

Thr

45

Arg

Leu

Val

Lys

Arg

125

Glu

Gly

Ala

Val

Lys
205

PCT/EP2015/072645

gtggtgatgce

agcagggatce

gaaggtatct

Lys

Val

30

Thr

Arg

Ile

Ser

Ala

110

Val

Lys

Asp

Glu

Phe

180

Val

Gly

15

Ala

Ser

Ala

Val

Ile

95

Leu

Val

Leu

Gly

Gly

175

Gly

Ala

Arg

Sexr

Ile

Gly

Hisg

80

Phe

Ala

Asp

Lys

Glu

160

Lys

Leu

Asp

aaagggcatg
tcttgacage

gegtgatgte
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Glu Leu Leu Glu Ala Gln Gly Gly Asn Arg Leu Val Lys Val Gly Leu
210 218 220

Gly Asp Asp Asp Gln Cys Ile Glu Asp Asp Phe Ser Ala Trp Arg Glu
225 230 235 240

Ser Leu Trp Pro Glu Leu Asp Met Leu Leu Arg Asp Glu Asp Asp Ala
245 250 255

Thr Thr Val Thr Thr Pro Tyr Thr Ala Ala Val Leu Glu Tyr Arg Val
260 265 270

Val Phe His Asp Ser Ala Asp Val Ala Ala Glu Asp Lys Ser Trp Ile
275 280 285

Asn Ala Asn Gly His Ala Val His Asp Ala Gln His Pro Phe Arg Ser
250 295 300

Asn Val Vval Val Arg Lys Glu Leu His Thr Ser Ala Ser Asp Arg Ber
305 310 315 320

Cys Ser His Leu Glu Phe Asn Ile Ser Gly Ser Ala Leu Asn Tyr Glu
325 330 335

Thr Gly Asp His Val Gly Val Tyr Cys Glu Asn Leu Thy Glu Thr val
340 345 350

Asp Glu Ala Leu Agn Leu Leu Gly Leu Ser Pro Glu Thr Tyr Phe Ser
355 360 365

Ile Tyr Thr Asp Asn Glu 2sp Gly Thr Pro Leu Gly Gly Ser Ser Leu
370 375 380

Pro Pro Pro Phe Pro Ser Cys Thr Leu Arg Thr Ala Leu Thr Arg Tyr
385 390 395 400

Ala Asp Leu Leu Asn Ser Pro Lys Lys Ser Ala Leu Leu Ala Leu Ala
405 410 415

Ala His Ala Ser Agn Pro Val Glu Ala Asp Arg Leu Arg Tyr Leu Ala
420 425 430

Ser Pro Ala Gly Lys Asp Glu Tyr Ala Gln Ser Val Ile Gly Ser Gin
435 440 445

Lys Ser Leu Leu Glu Val Met Ala Glu Phe Pro Ser Ala Lys Pro Pro
450 455 460

Leu Gly Val Phe Phe Ala Ala Val Ala Pro Arg Leu Gln Pro Arg Phe
465 470 475 480

112



WO 2016/050890

Tyr Ser

Thr Cys

Gly Val

His Glu

530

Leu Pro
545

Gly Leu

Glu Ser

Asn Arg

Glu Thr

610

Pro Thr

625

Ile Trp

aAla Lys

Gln Glu

Asn Leu
630

SEQ ID NO:47

Ile

Ala

Cys

515

Cys

Ala

Ala

Gly

Arg

595

Gly

Lys

Asn

Gly

Gln

675

Gln

Ser

Leu

500

Ser

Ser

Glu

Pro

Val

580

Met

Ala

Glu

Leu

Met

660

Gly

Met

Ser

485

Val

Thr

Trp

Ser

Phe

565

Glu

Asp

Leu

Tyr

Ile

€45

Ala

Ser

Asn

Ser

Tyr

Trp

Ala

Lys

550

Arg

Leu

Tyr

Ser

Val

630

Ser

Lys

Leu

Pro

Asp

Met

Pro

535

val

Gly

Ile

Glu

615

Gln

Glu

Asp

Asp

Arg
695

Arg

Lys

Lys

520

Ile

Pro

Phe

Pro

Tyr

600

Leu

His

Gly

val

Ser

680

Tyr

Met

Met

505

Asn

Phe

Ile

Leu

Ser

588

Glu

Val

Lys

Ala

His

665

Ser

Leu

Siraitia grosvenoril DNA sequence

atggetteto

60

atgatcccceca

120

ctegecacac

tgattgacct

tccotecacttt

tgoccaggett

Ala

490

Pro

Ser

Val

Ile

Gln

570

Ile

Asp

Ile

Met

Tyr

650

Arg

Lys

Arg

Pro

Thr

Val

Arg

Met

555

Glu

Leu

Glu

Ala

Ala

635

Leu

Thr

Ala

Asp

Ser

Gly

Pro

Gln

540

val

Arg

Phe

Leu

Phe

620

Glu

Tyr

Leu

Glu

vVal
700

Arg

Arg

Met

525

Ser

Gly

Leu

Phe

Asn

605

Ser

Lys

Val

His

Ser
685

Trp

ctagcteottec

ctggctecage

113

Ile

Ile

510

Glu

Asn

Pro

Ala

Gly

590

Asn

Arg

Ala

Cys

Thr

670

Met

PCT/EP2015/072645

His

495

Hig

Lys

Phe

Gly

Leu
575

Cys

Phe

Glu

Ser

Gly

655

Ile

Val

Lys

Ser

Lys

Thr

560

Lys

Arg

val

Gly

Asp

640

Asp

Met

Lys

ctttecatgge

gaggagttat

tcaaggeocac

catcactatt
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atcaccacge
180
gggttacaca
240
gggtgegaga
300
graagtgate
380
acctgeataa
420
gtceeaagge
480
aaaaacaatc
540
ttgcetgate
600
gtgaagttta
660
ctatttgagg
720
gaaagagtct
780
gaaagaggca
840
cagocatett
900
atcatagagce
960
agaggaaaca
1020
attaaaggga
1080
cectgeaateg
1140
geoggogtge
1200
attgtacaaa
1260
gaggaagagg
1320
gtgatggatg
1380
gcgaagagag
1440
gatataattc
1431

SEQ ID NO:48
Siraitia grosvenorii protein sequence

cccacaatge
tccatgtect
atgtggactt
tecctttacga
tctecgatat
tecgtttteta
tagecgettat
cagtcgagtt
gttatgaaat
agatggaacc
ggtgegtegy
acaaagcctc
cggtggttta
tgggtttggyg
taacagagga
gagggctggt
gatgcttottt
caatggtcac

tactcagaat

agaaaggggt
gagatgagag

ctatagaaga

atggaggagg

PCT/EP2015/072645
tgectcecgetac cactctgtte ttgectcogege catcgattet
ccaactgeag tttecatgta aggaaggtag getgceagaa
gctaccttea cttgctteca tacccagatt ctacagagca
accatctgaa aaactgtttg aggaactcat cococecggceyg
gtgcctgeee tggaccatgc gaattgectet gaaatatcac
cagtttgage tgcttetttc ttctetgtat gcggagttta
aagctccaag tctgattetyg agttcgtaac tttctectgac
totcaagtcy gagetaccta aatccaccga  tgaagacttg
gggggaggec gatceggeagt catacggegt tattttaaat
aaagtatctt gcagaatatyg aaaaggaaaqg agaatcgceccocg
ccoagtiteg ctittgeaacy acaacaaact cgacaaaget
catcgacgaa tacaaatgca tcaggtgget cgacgggcayg
cgtectecttta ggaagcttgt gecaatctggt gacggegeay
tttggaggca tcaaagaaac ccttecatttg ggtcataaga
gttacagaaa tggecttgtgg agtacgattt cgaggagaaa
gattcttgge tgggctcecece aagttctgat actgtcacac
gacgcactgce ggttggaact caagcatcga  agggatatcg
ctggcogett tttgeggate aagtcttcaa cgagaagceta
cggoegtaagt gtaggcacygg aaactactat gaactgggga
ggttgtgaag agagagaaag tgagggaagc catagaaata
agaagagagyg agagagagat gecaaagagcet tgctgaaacyg
agggggctog tctecaccgga acctcacgat gttgattgaa

tttgagttat gagaaagdgaa gttgtcocgetyg a

114
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Met Ala Ser Pro Arg His Thr Pro His Phe Leu Leu Phe Pro Phe Met
ala Gln Gly His Met Ile Pro Met Ile Asp Leu Ala Arg Leu Leu Ala
20 25 30

Gln Arg Gly Val Ile Ile Thyx Ile Ile Thy Thr Pro His Asn Ala Ala
35 40 45

Arg Tyr His Ser Val Leu Ala Arg Ala Ile Asp Ser Gly Leu His Ile
50 55 60

His Val Leu Gln Leu Gln Phe Pro Cys Lys Glu Gly Gly Leu Pro Glu
65 70 75 80

Gly Cys Glu Asn Val Asp Leu Leu Pro Ser Leu Ala Ser Ile Pro Arg
85 90 95

Phe Tyr Arg Ala Ala Ser Asp Leu Leu Tyr Glu Pro Ser Glu Lys Leu
100 105 110

Phe Glu Glu Leu Ile Pro Arg Pro Thr Cys Ile Ile Ser Asp Met Cys
115 120 125

Leu Pro Trp Thr Met Arg Ile Ala Leu Lys Tyr His Val Pro Arg Leu
130 135 140

Val Phe Tyr Ser Leu Ser Cys Phe Phe Leu Leu Cys Met Arg Ser Leu
145 150 155 160

Lys Asn Asn Leu Ala Leu Ile Ser Ser Lys Ser Asp Ser Glu Phe Val
165 170 175

Thr Phe Ser Asp Leu Pro Asp Pro Val Glu Phe Leu Lys Ser Glu Leu
180 185 190

Pro Lys Ser Thr Asp Glu Asp Leu Val Lys Phe Ser Tyr Glu Met Gly
195 200 205

Glu Ala Asp Arg Gln Ser Tyr Gly Val Ile Leu Asn Leu Phe Glu Glu
210 215 220

Met Glu Pro Lys Tyr Leu Ala Glu Tyr Glu Lys Glu Arg Glu Ser Pro
225 230 235 240

Glu Arg Val Trp Cys Val Gly Pro Val Ser Leu Cys Asn Asp Asn Lys
245 250 255

Leu Asp Lys Ala Glu Arg Gly Asn Lys Ala Ser Ile Asp Glu Tyr Lys
260 265 270

115
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Cys Ile Arg Trp Leu Agp Gly Glm Gln Pro Ser Ser val val Tyr val
275 280 285

Ser Leu Gly Ser Leu Cys Asn Leu Val Thr Ala Gln Ile Ile Glu Leu
280 285 300

Gly Leu Gly Leu Glu Ala Ser Lys Lys Pro Phe Ile Trp Val Ile Arg
305 310 315 320

Arg Gly Asn Ile Thr Glu Glu Leu Gln Lys Trp Leu Val Glu Tyr Asp
325 330 335

Phe Glu Glu Lys Ile Lys Gly Arg Gly Leu Val Ile Leu Gly Trp Ala
340 345 350

Pro Gln Val Leu Ile Leu Ser His Pro Ala Ile Gly Cys Phe Leu Thr
355 360 365

His Cys Gly Trp Asn Ser Ser Ile Glu Gly Ile Ser Ala Gly Val Pro
370 375 380

Met Val Thr Trp Pro Leu Phe Ala Asp Gln Val Phe Asn Glu Lys Leu
385 380 395 400

Ile val Gln Ile Leu Arxrg Ile Gly Val Ser Val Gly Thr Glu Thr Thr
405 410 415

Met Asn Trp Gly Glu Glu Glu Glu Lys Gly Val Vval val Lys Arg Glu
420 425 430

Lys Val Arg Glu Ala Ile Glu Ile Val Met Asp Gly Asp Glu Arg Glu
435 440 445

Glu Arg Arg Glu Arg Cys Lys Glu Leu Ala Glu Thr Ala Lys Arg Ala
450 455 460

Ile Glu Glu Gly Gly Ser Ser His Arg Asn Leu Thr Met Leu Ile Glu
465 470 475 480

Asp Ile Ile His Gly Gly Gly Leu Ser Tyr Glu Lys Gly Ser Cys Arg
485 490 455

SEQ ID NO:45%
Siraitia grosvenorii DNA sequence

atggatgece agcgaggtca cacceaccace attttgatge tteccatgggt cggctacgge
60

catctettge cttteocctega gctggecaaa agcctetcocea ggaggaaatt attccacatc
120

116
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tacttctgtt caacgtcectgt tagccteogac gcecattaaac caaagcttec
180

tcttetgatg attccatceca acttgtggaa cttogteteco cttetteteco
240

cctcatectteo acacaaccaa cggectteoe teteacctea tgcecgeotot
300

ttegteatgg cocgoocaaca cttteaggte attttacaaa cacttgcececo
360

atttatgaca ttctecaacce ttgggctect caagtggett catcecteaa
420

atcaacttca gtactaccygg agcttcaatyg ctttctegaa cgcectteacce
480

ccaagttcta aattcccaat ctcagagttt gttcttcaca atcactggag
540

accaccgooy atggggctet tacagaagaa ggccacaaaa ttgaagaaac
600

tgcttgcata cttettgegg ggtagttttyg gtcaatagtt tcagagaget
660

tatatcgatt atctctoctgt tctcttgaac aagaaagttyg ttcecgygtegyg
720

tacgaaccga atcaagaagg ggaagatgaa ggttattcaa gcatcaaaaa
780

aaaaaggaac cgtececteaac cgtettegtt tcatttggaa ccgaatactt
840

gaagaaatgg aagagatagce gtatgggtta gagcetgageg aggttaattt
900

cttagatttc ctcaaggaga cageaccagce accattgaaqg acgccttgoo
960

ctggagagag cgggagagay ggcgatggty gtgaagggtt gggctcotea
1020

ctgaagcatt ggagcacagy ggggettgtyg agtcactgtyg gqatggaactc
1080

ggcatgatgt ttggegtacce cataatagoyg gtcecegatge atctggacca
1140

gcoggactet tggaagaagc tggcgtegygce gtggaageoea agecgaggtte
1200

attcaaagag aagaagttge aaagtcgatce aaagaagtygg tgattgagaa
1260

gacgtgagga agaaagcaaqg agaaatgggt gagattttga ggagtaaagg
1320

attgatgagt tagtggctga aatttctett ttgcgcaaaa aggctceatyg
1380

SEQ ID NO:50
Siraitia grosvenorii protein seqguence

Met Asp Ala Gln Arg Gly His Thr Thr Thr Ile Leu Met Leu Pro Trp
1 5 10 15

Val Gly Tyr Gly His Leu Leu Pro Phe Leu Glu Leu Ala Lys Ser Leu

117

tecectteotate
tgagttacct
coaccaagoec
gecatctocte
cattceccagece
tactecactac
agccatgtac
acttgcgaat
tgagacgaaa
tecetttggtt
ttggcttgac
cecogtcaaag
catctgggte
gaaggggttt
ggcgaagata
gatgatggag
gecctttaac
ggacggcaaa
aaccagggaa
agabgagaaa

ttcaatttaa
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Ser

Leu

Ser

65

Pro

Leu

Gln

Ala

Thr

145

Pro

Arg

Lys

Val

Leu

225

Tyr

Asn

Gly

Gly

Arg

Asp

50

Ile

His

Hig

Thr

Pro

130

Thr

Ser

Ala

Ile

Leu

210

Ser

Glu

Trp

Thr

Leu

Arg

35

Ala

Gln

Leu

Gln

Leu

115

Gln

Gly

Ser

Met

Glu

185

Val

Val

Pro

Leu

Glu

275

Glu

20

Lys

Ile

Leu

His

Ala

100

aAla

val

Ala

Lys

Tyr

180

Glu

Asn

Leu

Asn

Asp

260

vr

Leu

Leu

Lys

Val

Thr

85

Phe

Pro

Ala

Ser

Phe

165

Thr

Thr

Ser

Leu

Glin

245

Lys

Phe

Ser

Phe

Pro

Glu

70

Thr

Val

His

Ser

Met

150

Pro

Thr

Leu

Phe

Asn

230

Glu

Lys

Pro

Glu

His

Lys

55

Leu

Asn

Met

Leu

Ser

135

Leu

Ile

Ala

Ala

Arg

215

Lys

Gly

Glu

Ser

val

Ile

40

Leu

Arg

Gly

Ala

Leu

120

Lieu

Ser

Ser

Asp

Asn

200

Glu

Lys

Glu

Pro

Lys

280

Asn

25

Ty

Pro

Leu

Leu

Ala

105

Ile

Asn

Arg

Glu

Gly

185

Cys

Leu

Val

Asp

Ser

265

Glu

Phe

Phe

Pro

Pro

Pro

90

Gln

Tyr

Ile

Thr

Phe

170

Ala

Leu

Glu

val

Glu

250

Ser

Glu

Ile

118

Cys

Ser

Ser

75

Ser

His

Asp

Pro

Leu

155

Val

Leu

His

Thr

Pro

235

Gly

Thr

Met

Trp

Ser

Ile

60

Ser

His

Phe

Ile

Ala

140

His

Leu

Thr

Thr

Lys

220

Val

Tyr

Val

Glu

Val

Thr

45

Ser

Pro

Leu

Gln

Leu

125

Ile

Pro

His

Glu

Ser

205

Tyxr

Gly

Ser

Phe

Glu

285

Leu

30

Ser

Ser

Glu

Met

Val

110

Gln

Asn

Thr

Asn

Glu

180

Cys

Ile

Pro

Ser

Val

270

Ile

Arg

PCT/EP2015/072645

Val Ser

Asp Asp

Leu Pro

80

Pro Ala
a5

Ile Leu

Pro Trp

Phe Ser

His Tyr

160

His Trp
175

Gly His

Gly val

Asp Tyr

Leu Val

240
Ile Lys
255
Ser Phe

Ala Tyr

Phe Pro
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290

Gln
305

Gly Asp

Leu Glu Arg

Gln Ala Lys

Trp
355

Cys Gly

Ala
370

Ile Val

Glu Glu Ala

385
Gln

Ile Arg

Lys Thr Arg

Ser
435

Leu Arg

Leu Leu

450

Ser

SEQ ID NO:51

Ser Thr Ser
310
Glu

Ala Gly

325
Ile Leu
340

Lys

Asn Ser Met

Pro Met His

Gly val Gly

390

Glu
405

Glu Val

Glu Val

420

Asp

Lys Gly Asp

Arg Lys Lys

295

Thr

Arg

His

Met

Leu

375

val

Ala

Arg

Glu

Ala
455

Ile

Ala

Trp

Glu

360

Asp

Glu

Lys

Lys

Lys

440

Pro

Glu

Met

Serx

345

Gly

Gin

Ala

Ser

Lys

425

Ile

Cys

Siraitia grosvenorili DNA sequence

atggatgcce
60
catctttcgg
120
ttctgttcaa
180
tctgattecea
240
catcttcaca
300
tccatggetyg
360
tacgactctt
420

agcgaggtca
cttitcoctaga
cctctgttaa
tccaacttgt
caaccaacgc
cccaacactt

tecaacctty

caccacaacc
gttggeccaaa
cetogacygec
ggaactttgt
cctecccoct
tgectgecatt

ggctcootoaa

Asp

Val

330

Thr

Met

Pro

Lys

Ile

410

Ala

Asp

Ser

Ala

315

Val

Gly

Met

Phe

Arg

395

Lys

Arg

Glu

Ile

300

Leu

Lys

Gly

Phe

Asn

380

Gly

Glu

Glu

Leu

Pro

Gly

Leu

Gly

365

Ala

Ser

Val

Met

Val
445

attttgatgt

agocctctcaa

attaaaccaa

cttececatett

caccteatge

ttacacacac

ctagcottoat

119
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Phe
320

Lys Gly

Ala
335

Trp Pro

Val
350

Ser His

Val Pro Ile

Gly Leu Leu

Asp Gly Lys

400

Ile
415

Val Glu

Gly Glu Ile

430

Ala Glu Ile

ttecatgget
ggaggaactt
agcttectte
ctcctgatca
ccacteteea
ttgctocgea

coctcaacat

cggctatgge

ccatatctac
ttcttectet
gectecetecot
ccaagectto
tctecteatt

tecageocate
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aacttcaata ctacgggagce
480
agttctaaat tcocaattte
540
gecgeeggtg gaggctgttac
600
ttgecatgctt cttgtagtgt
660
atggattatce tcteogttoet
720
gaaccgaatce aagacgggga
780
aaggaaccgt cctecacegt
840
gaaatggaag agatagccca
900
aggttteccte aaggagacaa
960
gagagggtgg gagagagagg
1020
aagcattgga geacaggggy
1080
atgatgtttg gegttoocat
11460
ggactcegegyg aagaagetgg
1200
caaagagaag aagttgcaaa
1260
gtgaggaaga aagcaagadga
1320
gatgagttgg tggctgaaat
1377

SEQ ID NO:52

ttcagtcetg
agagtttgtt
aaaaaaagac
aattctaatc
cttgaacaay
agatgaaggt
cttegtitea
tgoggttagag
caccagogec
gatggtggtg
attegtgage
aataggggtt
cgteggegtyg
gtegatcaaa

aatgggtgag

ttoctcttttg

acccgaatgc
ctccacgatt
cacaaaattyg
aatagtttca
aaagttgtte
tattcaagca
tttggaagey
gcgagcegagg
attgaagatg
aagggtiggyg
cactgtggat
ccgatgecatc
gaagccaagc
gaagtggtga

attttgagga

cgcaaaaagd
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ttcacgectac
attggaaagc
gagaaacact
gagagctcga
cggttggteco
tcaaaaattg
aatacttcce
ttcattteat
ccttgoogaa
ctocteagge
ggaactcggt
tggaccagceco
gagattogga
ttgagaaaac

gtaaaggaga

ctceatgtic

tcactaccca
catgtacage
tgcgaattge
ggagaaatat
tttggtttac
gottgacaaa
gtcaaaggaa
ctgggtegtt
ggggtttctg
gaagatactyg
gatggaaagce
ctttaacgee
cggeaaaatt
cagggaagac
tgagaaaatt

aatttaa

Artificial Sequence; Codon-optimized nucleotide seguence encoding UGT98

atggatgctce
60
catttgtcectg
120
ttttgeteoca
180
tceogatteta
240
cacttgecata
300
tctatggetg
360
tacgattett
420

aaagaggtca
cttttttgga
cctecgttaa
ttcaattggt
caactaatgc
ctcaacattt

ttcaaccatyg

taccactacc
attggccaag
tttggatget
tgaattgtgce
tttaccacca
tgctgectate

ggctccacaa

attttgatgt
tocttgteta
attaagecaa
ttgecatctt
catttgatge
ttgcatactt

ttggetteat

120

ttecatggtt
gaagaaactt
agttgececatce
coccagatca
caacattgea
tggctectea

ctttgaatat

gggttacggt

ccatatotac
ctcttecatce
attgcoccacca
tcaagectttt
tttgttgate

tcecagecateo
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aacttcaaca ctactggtgce
480
tcttecaagt tcocaattte
540
getgctggty gtgectgttac
600
ttacatgcett cttgctctgt
660
atggactact tgtecegtott
720
gaacctaatc aagatggtga
780
aaagaaccat cctetacogt
840
gaaatggaag aaatcgeotea
500
agattcocte aaggtgataa
960
gaaagagtcg gtgaaagagyg
1020
aaacattggt caaccggtgyg
1080
atgatgtteg gtgtteccaat
1140
ggtttggetyg aagaagctgyg
1200
caaagagaaqg aagttgccaa
1260
gtcagaaaga aagctagaga
1320
gatgaattgg tcgocgaaat
1377

ttcagttttyg
tgaattegte
aaaaaadggat
tatcttgatc
gttgaacaaa
agatgaaggt
ttttgttteo
tggtttggaa
cactteocoget
tatggttgtt
tttegtttet
tattggtgtc
tgttggtgtt
gtocatcaaa

aatgggtgaa

ttecttgttg

accagaatgt
ttgecatgatt
cataagattg
aactccttea
aaggttgtte
tacteoccteoca
ttcggttetg
gectteagaag
attgaagatyg
aagggttggy
cattgtggtt
ccaatgeatt
gaagctaaaa
gaagttgtta

atcttgagat

agaaaaaaayg

SEQ ID NO:53

Siraitia grosvenorii protein sequence

Met Asp Ala Gln Arg Gly His Thr Thr Thr

1 5

Leu Gly Tyr Gly His Leu
20

Ser Arg Arg Asn Phe His
35

Asp Ala Ile Lys Pro Lys
50

Gln Leu Val Glu Leu Cys
65 70

Ser

Ile

Leu

55

Leu

10

Ala Phe

25

Leu

Tyr Phe Cys

40
Ser

Pro Ser

Pro Ser Sey

121

Ile

Glu

Ser

Ser

Pro
75

Leu

Leu

Thr

Ser

60

Asp

Met

Ala

Ser

45

Ser

Gln
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tgcatgctac
actggaaggc
gtgaaacctt
gagaattgga
cagttggteoo
ttaagaatty
aatacttccc
ttcatttecat
ctttgcocaaa
ctoctecaage
ggaattctgt
tggatcaacc
gagattctga
tocgaaaagac

ctaaaggtga

ctecatgete

Phe Pro

15
Lys Ser
30

Val Asn

Asp Ser

Leu Pro

80

Trp

Leu

Leu

Ile

Pro

tcattaccca
tatgtattet
ggecaactgt
agaaaagtac
attggtctac
gttggacaag
atccaaagaa
ctgggttgtt
aggtttcttg
taagattttg
catggaatcect
attcaatget
cggtaagate
cagagaagat
cgaaaagatc

tatttga
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His Leu His Thr Thr Asn Ala Leu Pro Pro His Leu Met Pro Thr Leu
85 =1y 95

His Gln Ala Phe Ser Met Ala Ala Gln His Phe Ala Ala Ile Leu His
100 105 110

Thr Leu Ala Pro His Leu Leu Ile Tyr Asp Ser Phe Gln Pro Trp Ala
115 120 125

Pro Gln Leu Ala Ser Ser Leu Asn Ile Pro Ala Ile Asn Phe Asn Thr
130 135 140

Thr Gly Ala Ser Val Leu Thr Arg Met Leu His Ala Thr His Tyr Pro
145 150 155 160

Ser Ser Lys Phe Pro Ile Ser Glu Phe Val Leu His Asp Tyr Trp Lys
165 170 175

Ala Met Tyr Ser Ala Ala Gly Gly Ala Val Thr Lys Lys Asp His Lys
180 185 180

Ile Gly Glu Thr Leu Ala Asn Cys Leu His Ala Ser Cys Ser Val Ile
1985 200 205

Leu Ile Asn S8er Phe Arg Glu Leu Glu Glu Lys Tyr Met Asp Tyr Leu
210 215 220

Ser Val Leu Leu Asn Lys Lys Val Val Pro Val Gly Pro Leu Val Tyr
225 230 235 240

Glu Pro Asn Gln Asp Gly Glu Asp Glu Gly Tyr Ser Ser Ile Lys Asn
245 250 255

Trp Leu Asp Lys Lys Glu Pro Ser Ser Thr Val Phe Val Ser Phe Gly
260 265 270

Ser Glu Tyr Phe Pro Ser Lys Glu Glu Met Glu Glu Ile Ala His Gly
275 280 285

Leu Glu Ala Ser Glu Val His Phe Ile Typ Val Val Arg Phe Pro Gin
290 295 300

Gly Asp Asn Thr Ser Ala Ile Glu Asp Ala Leu Pro Lys Gly Phe Leu
305 310 315 320

Glu Arg Val Gly Glu Arg Gly Met Val Val Lys Gly Trp Ala Pro Gln
325 330 335

Ala Lys Ile Leu Lys His Trp Ser Thr Gly Gly Phe Val Ser His Cys
340 345 350
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Gly Trp Asn Ser Val Met Glu Sexr Met Met Phe Gly Val Pro Ile Ile
355 360 365

Gly Val Pro Met His Leu Asp Gln Pro Phe Asn Ala Gly Leu Ala Glu
370 375 380

Glu Ala Gly Val Gly val Glu Ala Lys Arg Asp Ser Asp Gly Lys Ile
385 390 385 400

Gln Arg Glu Glu Val Ala Lys Ser Ile Lys Glu Val Val Ile Glu Lys
405 410 415

Thr Arg Glu Asp Val Arg Lys Lys Ala Arg Glu Met Gly Glu Ile Leu
420 425 430

Arg Ser Lys Gly Asp Glu Lys Ile Asp Glu Leu Val Ala Glu Ile Ser
435 440 445

Leu Leu Arg Lys Lys Ala Pro Cys Ser Ile
450 455
SEQ ID NO:54

Saccharomyces cerevisiae protein sequence

Met Ser Bla Val Asn val Ala Pro Glu Leu Ile Asn Ala Asp Asn Thr
1 5 10 15

Ile Thr Tyr Asp Ala Ile Val Ile Gly Ala Gly Val Ile Gly Pro Cys
20 25 30

Val Ala Thr Gly Leu Ala Arg Lys Gly Lys Lys Val Leu Ile Val Glu
35 40 45

Arg Asp Trp Ala Met Pro Asp Arg Ile Val Gly Glu Leu Met Gln Pro
50 55 60

Gly Gly Val Arg Ala Leu Arg Ser Leu Gly Met Ile Gln Ser Ile Asn
€5 70 75 8O

Asn Ile Glu Ala Tyr Pro Val Thr Gly Tyr Thr Val Phe Phe Asn Gly
B85 90 95

Glu Gln Val Asp Ile Pro Tyr Pro Tyr Lys Ala Asp Ile Pro Lys Val
100 105 110

Glu Lys Leu Lys Asp Leu Val Lys Asp Gly Asn Asp Lys Val Leu Glu
115 120 125

Asp Ser Thr Ile His Ile Lys Asp Tyr Glu Asp Asp Glu Arg Glu Arg
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130 135 140

Gly Val Ala Phe Val His Gly Arg Phe Leu Asn Asn Leu Arg Asn Ile
145 150 155 160

Thr Ala Gln Glu Pro Asn Val Thr Arg Val Gln Gly Asn Cys Ile Glu
165 170 175

Tle Leu Lyvs Asp Glu Lys Asn Glu Val val Gly Ala Lys Val Asp Ile
180 185 190

Asp Gly Arg Gly Lys val Glu Phe Lys Ala His Leu Thr Phe Ile Cys
195 200 205

Asp Gly Ile phe Ser Arg Phe Arg Lys Glu Leu His Pro Asp His Val
210 215 220

Pro Thr Val Gly Ser Ser Phe Val Gly Met Ser Leu Phe Asn Ala Lys
225 230 235 240

Asn Pro Ala Pro Met His Gly His Val Ile Leu Gly Ser Asp His Met
245 250 255

Pro Ile Leu Val Tyr Gln Ile Ser Pro Glu Glu Thr Arg Ile Leu Cys
260 265 270

Ala Tyr Asn Ser Pro Lys Val Pro Ala Asp Ile Lys Ser Trp Met Ile
275 280 285

Lys Asp Val @ln Pro Phe Ile Pro Lys Ser Leu Arg Pro Ser Phe Asp
280 285 300

Glu Ala Val Sexr Gln Gly Lys Phe Arg Ala Met Pro Asn Ser Tyr Leu
3058 310 318 320

Pro Ala Arg Gln Asn Asp Val Thr Gly Met Cys Val Ile Gly Asp Ala
325 330 335

Leu Asn Met Arg His Pro Leu Thr Gly Gly Gly Met Thr Val Gly Leu
340 345 350

His Asp Val val Leu Leu Ile Lys Lys Ile Gly Asp Leu Asp Phe Ser
355 360 365

Asp Arg Glu Lys Val Leu Asp Glu Leu Leu Asp Tyr His Phe Glu Arg
370 375 380

Lys Ser Tyr Asp Ser Val Ile Asn Val Leu Ser Val Ala Leu Tyr Ser
385 380 395 400

Leu Phe Ala ala Asp Ser Asp Asn Leu Lys Ala Leu Gln Lys Gly Cys
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405 410 415

Phe Lys Tyr Phe Gln Arg Gly Gly Asp Cys Val Asn Lys Pro Val Glu
420 425 430

Phe Leu Ser Gly Val Leu Pro Lys Pro Leu Gln Leu Thr Arg Val Phe
435 440 445

Phe Ala Val Ala Phe Tyr Thr Ile Tyr Leu Asn Met Glu Glu Arg Gly
450 455 460

Phe Leu Gly Leu Pro Met Ala Leu Leu Glu Gly Ile Met Ile Leu Ile
465 470 475 480

Thr Ala Ile Arg Val Phe Thr Pro Phe Leu Phe Gly Glu Leu Ile Gly
485 490 495

SEQ ID NO:55
Saccharomyces cerevisiae protein sequence

Met Thr Glu Phe Tyr Ser Asp Thr Ile Gly Leu Pro Lys Thr Asp Pro
1 5 10 15

Arg Leu Trp Arg Leu Arg Thr Asp Glu Leu Gly Arg Glu Ser Trp Glu
20 25 30

Tyr Leu Thr Pro Gln Gln Ala Ala Asn Asp Pro Pro Ser Thr Phe Thr
35 40 45

Glnn Trp Leu Leu Gln Asp Pro Lys Phe Pro Gln Pro His Pro Glu Arg
50 55 60

Agn Lys Hig Ser Pro Asp Phe Ser Ala Phe Asp Ala Cys His Asn Gly
65 70 75 80

Ala Ser Phe Phe Lys Leu Leu Gln Glu Pro Asp Ser Gly Ile Phe Pro
85 20 95

Cys Gln Tyr Lys Gly Pro Met Phe Met Thr Ile Gly Tyr Val Ala Val
100 105 110

Asn Tyr Ile Ala Gly Ile Glu Ile Pro Glu His Glu Arg Ile Glu Leu
115 120 128

Ile Arg Tyr Ile Val Asn Thr Ala His Pro Val Asp Gly Gly Trp Gly
130 135 140

Leu His Ser Val Asp Lys Ser Thr Val Phe Gly Thr Val Leu Asn Tyy
145 150 155 160
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Val Ile Leu Arg Leu Leu Gly Leu Pro Lys Asp His Pro Val Cys Ala
165 170 175

Lys Ala Arg Ser Thr Leu Leu Arg Leu Gly Gly Ala Ile Gly Ser Pro
180 185 190

His Trp Gly Lys Ile Trp Leu Ser Ala Leu Asn Leu Tyr Lys Trp Glu
185 200 205

Gly Val Asn Pro Ala Pro Pro Glu Thr Trp Leu Leu Pro Tyr Ser Leu
210 215 220

Pro Met Hig Pro Gly Arg Trp Trp Val His Thr Arg Gly Val Tyr Ile
225 230 235 240

Pro Val Ser Tyr Leu Ser Leu Val Lys Phe Ser Cys Pro Met Thr Pro
245 250 255

Leu Leu Glu Glu Leu Arg Asn Glu Ile Tyr Thr Lys Pro Phe Asp Lys
260 265 270

Ile Asn Phe Ser Lys Asn Arg Asn Thr Val Cys Gly Val Asp Leu Tyr
275 280 285

Tyr Pro His Ser Thr Thr Leu Asn Ile Ala Asn Ser Leu Val Val Phe
290 295 300

Tyr Glu Lys Tyr Leu Arg Asn Arg Phe Ile Tyr Ser Leu Ser Lys Lys
305 310 315 320

Lys Val Tyr Asp Leu Ile Lys Thr Glu Leu Gln Asn Thr Asp Ser Leu
3258 330 335

Cys Ile Ala Pro Val Asn Gln Ala Phe Cys Ala Leu Val Thr Leu Ile
340 345 350

Glu Glu Gly Val Asp Ser Glu Ala Phe Gln Arg Leu Gln Tyr BRrg Phe
355 360 365

Lys Asp Ala Leu Phe His Gly Pro Gln Gly Met Thr Ile Met Gly Thr
370 375 380

Asn Gly Val Gln Thr Trp Asp Cys Ala Phe Ala Ile Gln Tyr Phe Phe
385 390 388 400

Val Ala Gly Leu Ala Glu Arg Pro Glu Phe Tyr Asn Thr Ile Val Ser
405 410 415

Ala Tyr Lys Phe Leu Cyg His Ala Gln Phe Asp Thr Glu Cys Val Pro
420 425 430

126



WO 2016/050890 PCT/EP2015/072645

Gly Ser Tyr Arg Asp Lys Arg Lys Gly Ala Trp Gly Phe Ser Thr Lys
435 440 445

Thr Gln Gly Tyr Thr Val Ala Asp Cys Thr Ala Glu Ala ITle Lys Ala
450 455 460

Ile Ile Met Val Lys Asn Ser Pro Val Phe Ser Glu Val His His Met
465 470 475 480

Ile 8er Ser Glu Arg Leu Phe Glu Gly Ile Asp Val Leu Leu Asn Leu
485 450 485

Gln Asn Ile Gly Ser Phe Glu Tyr Gly Ser Phe Ala Thr Tyr Glu Lys
500 505 510

Ile Lys Ala Pro Leu Ala Met Glu Thr Leu Asn Pro Ala Glu Val Phe
515 520 525

Gly Asn Ile Met Val Glu Tyr Pro Tyr Val Glu Cys Thr Asp Ser Ser
530 535 540

val Leu Gly Leu Thr Tyr Phe His Lys Tyr Phe Asp Tyr Arg Lys Glu
545 550 555 560

Glu Ile Arg Thr Arg Ile Arg Ile Ala Ile Glu Phe Ile Lys Lys Ser
565 570 575

Gln Leu Pro Asp Gly Ser Trp Tyr Gly Ser Trp Gly Ile Cys Phe Thr
580 585 590

Tyr Ala Gly Met Phe Ala Leu Glu Ala Leu His Thr Val Gly Glu Thr
585 600 605

Tyr Glu Asn Ser Ser Thr Val Arg Lys Gly Cys Asp Phe Leu Val Ser
610 615 620

Lys Gln Met Lys Asp Gly Gly Trp Gly Glu Ser Met Lys Ser Ser Glu
625 630 635 640

Leu His Ser Tyr Val Asp Ser Glu Lys Ser Leu Val Val Gln Thr Ala
645 650 655

Trp Ala Leu Ile Ala Leu Leu Phe Ala Glu Tyr Pro Asn Lys Glu Val
660 665 670

Ile Asp Arg Gly Ile Asp Leu Leu Lys Asn Arg Gln Glu Glu Ser Gly
675 680 685

Glu Trp Lys Phe Glu Ser Val Glu CGly Val Phe Asn His Sexr Cys Ala
650 695 700
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Ile Glu Tyr Pro Ser Tyr Arg Phe Leu Phe Pro Ile Lys Ala Leu Gly
705 710 715 720

Met Tyr Ser Arg Ala Tyr Glu Thr His Thr Leu
725 730

SEQ ID NO:56
Arabidopsis thaliana protein sequence

Met Ala Thr Glu Lys Thr His Gln Phe His Pro Ser Leu His Phe Val
1 5 10 15

Leu Phe Pro Phe Met Ala Gln Gly His Met Ile Pro Met Ile Asp Ile
20 25 30

Ala Arg Leu Leu Ala Gln Arg Gly Val Thr Ile Thr Ile Vval Thr Thr
35 40 45

Pro His Asn Ala Ala Arg Phe Lys Asn Val Leu Asn Arg Ala Ile Glu
50 55 60

Ser Gly Leu Ala Ile Asn Ile Leu His Val Lys Phe Pro Tyr Gln Glu
65 70 75 BO

Phe Gly Leu Pro Glu Gly Lys Glu Asn Ile Asp Ser Leu Asp Ser Thr
85 90 85

Glu Leu Met Val Pro Phe Phe Lys Ala Val Asn Leu Leu Glu Asp Pro
100 105 110

Val Met Lys Leu Met Glu Glu Met Lys Pro Arg Pro Ser Cys Leu Ile
115 120 125

Ser Asp Trp Cys Leu Pro Tyr Thr Ser Ile Ile Ala Lys Asn Phe Asn
130 135 140

Ile Pro Lys Ile Val Phe His Gly Met Gly Cys Phe Asn Leu Leu Cys
145 150 155 160

Met His Val Leu Arg Arg Asn Leu Glu Ile Leu Glu Asn Val Lvs Ser
165 170 175

Asp Glu Glu Tyr Phe Leu Val Pro Ser Phe Pro Asp Arg Val Glu Phe
180 185 150

Thr Lys Leu Gln Leu Pro Val Lys Ala Asn Ala Ser Gly Asp Trp Lys
185 200 245
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Glu Ile Met Asp Glu Met Val Lys Ala Glu Tyr Thr Ser Tyr Gly Val
210 215 220

Ile Val Asn Thr Phe Gln Glu Leu Glu Pro Pro Tyr Val Lys Asp Tyr
225 230 235 240

Lys Glu Ala Met Asp Gly Lys Val Trp Ser Ile Gly Pro Val Ser Leu
245 250 255

Cys Asn Lys Ala Gly Ala Asp Lys Ala Glu Arg Gly Ser Lys Ala Ala
260 265 270

Ile aAsp Gln Asp Glu Cys Leu Gln Trp Leu Asp Ser Lys Glu Glu Gly
275 280 285

Ser Val Leu Tyr Val Cys Leu Gly Ser Ile Cys Asn Leu Pro Leu Ser
290 295 300

Gln Leu Lys Glu Leu Gly Leu Gly Leu Glu Glu Ser Arg Arg Ser Phe
305 310 315 320

Ile Trp val Ile Arg Gly Ser Glu Lys Tyr Lys Glu Leu Phe Glu Trp
325 330 335

Met Leu Glu Ser Gly Phe Glu Glu Arg Ile Lys Glu Arg Gly Leu Leu
340 345 350

Ile Lys Gly Trp Ala Pro Gln Val Leu Ile Leu Ser His Pro Ser Val
355 360 365

Gly Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly Ile
370 375 380

Thr Ser Gly Ile Pro Leu Ile Thr Trp Pro Leu Phe Gly Asp Gln Phe
385 380 395 400

Cys Asn Gln Lys Leu Val val Gln Val Leu Lys Ala Gly Val Ser Ala
405 410 415

Gly val Glu Glu Val Met Lys Trp Gly Glu Glu Asp Lys Ile Gly Val
420 425 430

Leu Val Asp Lys Glu Gly Val Lys Lys Ala Val Glu Glu Leu Met Gly
435 440 445

Asp Ser Asp Asp Ala Lys Glu Arg Arg Arg Brg Val Lys Glu Leu Gly
450 455 460

Glu Leu Ala His Lys Ala Val Glu Lys Gly Gly Ser Ser His Ser Asn
465 470 475 480
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Ile Thr Leu Leu Leu Gln Asp Ile Met Gln Leu Ala Gln Phe Lys Asn
485 490 485

SEQ ID NO:57
Arabidopsis thaliana protein sequence

Met Val Ser Glu Thr Thr Lys Ser Ser Pro Leu His Phe Val Leu Phe
1 5 10 15

Pro Phe Met Ala Gln Gly His Met Ile Pro Met Val Asp Ile Ala Arg
20 25 30

Leu Leu Ala Gln Arg Gly Val Ile Ile Thr Ile Val Thr Thr Pro His
35 40 45

Asn Ala Ala Arg Phe Lys Asn Val Leu Asn Arg Ala Ile Glu Ser Gly
50 55 60

Leu Pro Ile psn Leu Val Gln Val Lys Phe Pro Tyr Leu Glu Ala Gly
65 70 5 80

Leu Gln Glu Gly Gln Glu Asn Ile Asp Ser Leu Asp Thr Met Glu Arg
85 a0 95

Met Ile Pro Phe Phe Lys aAla Val Asn Phe Leu Glu Glu Pro Val Gln
100 105 110

Lys Leu Ile Glu Glu Met Asn Pro Arg Pro Ser Cys Leu Ile Ser Asp
115 120 125
Phe Cys Leu Pro Tyr Thr Ser Lys Ile Ala Lys Lys Phe Asn Ile Pro
130 135 140

Lys Ile Leu Phe His Gly Met Gly Cys Phe Cys Leu Leu Cys Met His
145 150 155 160

Val Leu Arg Lys Asn Arg Glu Ile Leu Asp Asn Leu Lys Ser Asp Lys
165 170 175

Glu Leu Phe Thr Val Pro Asp Phe Pro Asp Arg Val Glu Phe Thr Axg
180 185 1380

Thr Gln Val Pro vVal Glu Thr Tyr Val Pro Ala Gly Asp Trp Lys Asp
185 200 205

Ile Phe Asp Gly Met Val Glu Ala Asn Glu Thr Ser Tyr Gly Val Ile
210 215 220

val Asn Ser Phe Gln Glu Leu Glu Pro Ala Tyr Ala Lys Asp Tyr Lys
225 230 235 240
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Glu Val Arg Ser Gly Lys Ala Trp Thr Ile Gly Pro Val Ser Leu Cys
245 250 255

Asn Lys Val Gly Ala Asp Lys Ala Glu Arg Gly Asn Lys Ser Asp Ile
260 265 270

Asp Gln Asp Glu Cys Leu Lys Trp Leu Asp Ser Lys Lys His Gly Ser
275 280 285

Val Leu Tyr Val Cys Leu Gly Ser Ile Cys Asn Leu Pro Leu Ser Gln
290 295 300

Leu Lys Glu Leu Gly Leu Gly Leu Glu Glu Ser Gln Arg Pro Phe Ile
305 310 315 320

Trp Val Ile Arg Gly Trp Glu Lys Tyr Lys Glu Leu Val Glu Trp Phe
325 330 335

Ser Glu Ser Gly Phe Glu Asp Arg Ile Gln Asp Arg Gly Leu Leu Ile
340 345 350

Lys Gly Trp Ser Pro Gln Met Leu Ile Leu Ser His Pro Ser Val Gly
355 360 365

Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly Ile Thr
370 375 380

Ala Gly Leu Pro Leu Leu Thr Trp Pro Leu Phe Ala Asp Gln Phe Cys
385 390 395 400

Asn Glu Lys Leu Val val Glu Val Leu Lys Ala Gly Val Arg Ser Gly
405 410 415

val Glu Gln Pro Met Lys Trp Gly Glu Glu Glu Lys Ile Gly Val Leu
420 425 430

Val Asp Lys Glu Gly Val Lys Lys Ala val Glu Glu Leu Met Gly Glu
435 440 445
Ser Asp Asp Ala Lys Glu Arg Arg Arg Arg Ala Lys Glu Leu Gly Asp

450 455 460

Ser Ala His Lys Ala val Glu Glu Gly Gly Ser Ser His Ser Asn Ile
465 470 475 480

Ser Phe Leu Leu Gln Asp Ile Met Glu Leu Ala Glu Pro Asn Asn
485 4390 495

SEQ ID NO:58
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Arabidopsis thaliana protein seguence

Met Ala Phe Glu Lys Asn Asn Glu Pro Phe Pro Leu His Phe Val Leu
1 5 10 is5

Phe Pro Phe Met Ala Gln Gly His Met Ile Pro Met Val Asp Ile Ala
20 25 30

Arg Leu Leu Ala Gln Arg Gly Val Leu Ile Thr Ile Val Thr Thr Pro
35 40 45

His Asn Ala Ala Arg Phe Lys Asn Val Leu Asn Arg Ala Ile Glu Ser
50 55 60

Gly Leu Pro Ile Asn Leu Val Gln val Lys Phe Pro Tyr Gln Glu Ala
65 70 75 80

Gly Leu Gln Glu Gly Gln Glu Asn Met Asp Leu Leu Thr Thr Met Glu
85 90 95

Gln Ile Thr Ser Phe Phe Lys Ala Val Asn Leu Leu Lys Glu Pro Val
100 105 110

Gln Asn Leu Ile Glu Glu Met Ser Pro Arg Pro Ser Cys Leu Ile Ser
115 120 125

Asp Met Cys Leu Ser Tyr Thr Ser Glu Ile Ala Lys Lys Phe lLiys Ile
130 135 140

Pro Lyvs Ile Leu Phe His Gly Met Gly Cys Phe Cys Leu Leu Cys Val
145 150 155 160

Asn Val Leu Arg Lys Asn Arg Glu Ile Leu Asp Asn Leu Lys Ser Asp
165 170 175

Lys Glu Tyr Phe Ile Val Pro Tyr Phe Pro Asp Arg Val Glu Phe Thr
180 185 180

Arg Pro Gln Val Pro Val Glu Thr Tyr val Pro Ala Gly Trp Lys Glu
195 200 205

Ile Leu Glu Asp Met Val Glu Ala Asp Lys Thr Ser Tyr Gly Val Ile
210 215 220

val Asn Ser Phe Gln Glu Leu Glu Pro Ala Tyr Ala Lys Asp Phe Lys
225 230 235 240

Glu Ala Arg Ser Gly Lys Ala Trp Thr Ile Gly Pro vVal Ser Leu Cys
245 250 255

Asn Lys Val Gly Val Asp Lys Ala Glu Arg Gly Asn Lys Ser Asp Ile
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260 265 270

Asp Gln Asp Glu Cys Leu Glu Trp Leu Asp Ser Lys Glu Pro Gly Ser
275 280 285

val Leu Tyr Val Cys Leu Gly Ser Ile Cys Asn Leu Pro Leu Ser Gln
290 295 300

Leu Leu Glu Leu Gly Leu Gly Leu Glu Glu Ser Gln Arg Pro Phe Ile
305 310 315 320

Trp Val Ile Arg Gly Trp Glu Lys Tyr Lys Glu Leu Val Glu Trp Phe
325 330 335

Ser Glu Ser Gly Phe Glu Asp Arg Ile Gln Asp Arg Gly Leu Leu Ile
340 345 350

Lys Gly Trp Ser Pro Gln Met Leu Ile Leu Ser His Pro Ser Val Gly
355 360 365

Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly Ile Thr
370 375 380

Ala Gly Leu Pro Met Leu Thr Trp Pro Leu Phe Ala Asp Gln Phe Cys
385 390 385 400

Asn Glu Lys Leu Val Val Gln Ile Leu Lys Val Gly Val Ser Ala Glu
405 410 415

Val Lys Glu Val Met Lys Trp Gly Glu Glu Glu Lys Ile Gly Val Leu
4240 425 430

Val Asp Lys Glu Gly Val Lys Lys Ala Val Glu Glu Leu Met Gly Glu
435 440 445

Ser Asp Asp Ala Lys Glu Arg Arg Arg Arg Ala Lys Glu Leu Gly Glu
450 455 460

Ser Ala His Lys Ala Val Glu Glu Gly Gly Ser Ser His Ser Asn Ile
465 470 475 480

Thr Phe Leu Leu Gln Asp Ile Met Gln Leu Ala Gln Ser Asn Asn
485 490 485
SEQ ID NO:59

Stevia rebaudian protein sequence

Met Ser Pro Lys Met Val Ala Pro Pro Thr Asn Leu His Phe Val Leu
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1 5 10 15

Phe Pro Leu Met Ala Gln Gly His Leu Val Pro Met Val Asp Ile Ala
20 25 30

Arg Ile Leu ala Gln Arg Gly Ala Thr Val Thr Ile Ile Thr Thr Pro
35 40 45

Tyr His Ala Asn Arg Val Arg Pro Val Ile Ser Axg Ala Ile Ala Thr
50 55 60

Asn Leu Lys Ile Gln Leu Leu Glu Leu Gln Leu Arg Ser Thr Glu Ala
65 70 75 80

Gly Leu Pro Glu Gly Cys Glu Ser Phe Asp Gln Leu Pro Ser Phe Glu
85 a0 85

Tyr Trp Lys Asn Ile Ser Thr Ala Ile Asp Leu Leu Gln Gln Pro Ala
100 108 110

Glu Asp Leu Leu Arg Glu Leu Ser Pro Pro Pro Asp Cys Ile Ile Ser
115 120 125

Asp Phe Leu Phe Pro Trp Thr Thr Asp val Ala Arg Arg Leu Asn Ile
130 135 140

Pro Arg Leu Val Phe Asn Gly Pro Gly Cys Phe Tyr Leu Leu Cys Ile
145 150 155 160

His Val Ala Ile Thr Ser Asn Ile Leu Gly Glu Asn Glu Pro Val Ser
165 170 175

Ser Asn Thr Glu Arg Val Val Leu Pro Gly Leu Pro Asp Arg Ile Glu
180 185 180

Val Thr Lys Leu Gln Ile Val Gly Ser Ser Arg Pro Ala Asn Val Asp
185 200 205

Glu Met Gly Ser Trp Leu Arg Ala Val Glu Ala Glu Lys Ala Ser Phe
210 215 220

Gly Ile val val Asn Thr Phe Glu Glu Leu Glu Pro Glu Tyr Val Glu
225 230 2358 240

Glu Tyr Lys Thr Val Lys Asp Lys Lys Met Trp Cys Ile Gly Pro Val
245 250 255

Ser Leu Cys Asn Lys Thr Gly Pro Asp Leu Ala Glu Arg Gly Asn Lys
260 265 270

Ala Ala Ile Thr Glu His Asn Cys Leu Lys Trp Leu Asp Glu Arg Lys
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275 280 285

Leu Gly Ser Val Leu Tyr Val Cys Leu Gly Ser Leu Ala Arg Ile Ser
290 295 300

Ala Ala Gln Ala Ile Glu Leu Gly Leu Gly Leu Glu Ser Ile Asn Arg
305 310 315 320

Pro Phe Ile Trp Cys Val Arg Asn Glu Thr Asp Glu Leu Lys Thr Trp
325 330 335

Phe Leu Asp Gly Phe Glu Glu Arg Val Arg Asp Arg Gly Leu Ile Val
340 345 350

His Gly Trp Ala Pro Gln Val Leu Ile Leu Ser His Pro Thr Ile Gly
355 360 365

Gly Phe Leu Thr His Cys Gly Trp Asn Ser Thr Ile Glu Ser Ile Thr
370 375 380

Ala Gly Val Pro Met Ile Thr Trp Pro Phe Phe Ala Asp Gln Phe Leu
385 380 395 400

Asn Glu Ala Phe Ile Val Glu Val Leu Lys Ile Gly val Arg Ile Gly
405 410 415

Val Glu Arg Ala Cys Leu Phe Gly Glu Glu Asp Lys Val Gly val Leu
420 425 430

Val Lys Lys Glu Asp Val Lys Lys Ala Val Glu Cys Leu Met Asp Glu
435 440 445

Asp Glu Asp Gly Asp Gln Arg Arg Lys Arg Val Ile Glu Leu Ala Lys
450 455 460

Met Ala Lys Ile Ala Met Ala Glu Gly Gly Ser Ser Tyr Glu Asn Val
465 470 475 480

Ser Ser Leu Ile Arg Asp Val Thr Glu Thr Val Arg Ala Pro His
485 490 495

SEQ ID NO:60
Stevia rebaudian protein sequence

Met Asp Ala Met Ala Thr Thr Glu Lys Lys Pro His Val Ile Phe Ile
1 5 10 15

Pro Phe Pro Ala Gln Ser His Ile Lys Ala Met Leu Lys Leu Ala Gln
20 25 30
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Leu Leu His His Lys Gly Leu Gln Ile Thxr Phe Val Asn Thr Asp Phe
35 40 45

Ile His Asn Gln Phe Leu Glu Ser Ser Gly Pro His Cys Leu Asp Gly
50 55 60

Ala Pro Gly Phe Arg Phe Glu Thr Ile Pro Asp Gly Val Ser His Ser
65 70 75 80

Pro Glu Ala Ser Ile Pro Ile Arg Glu Ser Leu Leu Arg Ser Ile Glu
85 90 95

Thr Asn Phe Leu Asp Arg Phe Ile Asp Leu Val Thr Lys Leu Pro Asp
100 105 110

Pro Pro Thr Cys Ile Ile Ser Asp Gly Phe Leu Ser vVal Phe Thr Ile
115 120 125

Asp Ala Ala Lys Lys Leu Gly Ile Pro val Met Met Tyr Trp Thr Leu
130 135 140

Ala Ala Cys Gly Phe Met Gly Phe Tyr His Ile His Ser Leu Ile Glu
145 150 155 160

Lys Gly Phe Ala Pro Leu Lys Asp Ala Ser Tyr Leu Thr Asn Gly Tyr
165 170 175

Leu Asp Thr vVal Tle Asp Trp Val Pro Gly Met Glu Gly Ile Arg Leu
180 185 180

Lys Asp Phe Pro Leu Asp Trp Ser Thr Asp Leu Asn Asp Lys Val Leu
195 200 205

Met Phe Thr Thr Glu Ala Pro Gln Arg Ser His Lys Val Ser His His
210 215 220

Ile Phe His Thr Phe Asp Glu Leu Glu Fro Ser Ile Ile Lys Thr Leu
225 230 235 240

Ser Leu Arg Tyr Asn His Ile Tyr Thr Ile Gly Pro Leu Gln Leu Leu
245 250 255

Leu Asp Gln Ile Pro Glu Glu Lys Lys Gln Thr Gly Ile Thr Ser Leu
260 265 270

His Gly Tyr Ser Leu Val Lys Glu Glu Pro Glu Cys Phe Gln Trp Leu
275 280 285

Gln Ser Lys Glu Pro Asn Ser Val val Tyr Val Asn Phe Gly Ser Thr
280 295 300
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Thr Val Met

305
Asn

Asn Ser

Gly Glu Asn

Phe
355

Arg Gly

Ser Val

370

Pro

Glu Leu

385

Ser

Asp Gln Leu

Leu Glu Met

Glu Leu

435

Gln

Asp Trp Lys

450
Asn

Ser Leu

465

Asn

SEQ ID NO:61

Ala

Glu
310

Ser Leu

His Tyr Phe

325
Val Leu
340

Ala

Ile Ser

Gly Gly Phe

Ala Gly

390

Ser

Asn
405

Thr Cys

Gly Thxr

420

Lys

Met Gly Glu

Glu Lys Ala

Ile Asp Lys

470

Asp Met

Leu Trp
Pro

Pro

Cvs
360

Trp

Leu Thr

375

vVal Pro

Arg Tyr

Val Lys

Gly Gly
440

Arg Ile

455

Met Val

Thr

Ile

Glu

345

Ser

His

Met

Tle

Arg

425

His

Ala

Lys

Sirvaitia grogvenorii DNA sequence

atggagcaaqg
60
atcaagccct
120
ctcaacaccyg
180
ceoctetette
240
ctggacccea
300
ctecetttect
360

ctcatgatct
tcotetgeet
actacaacca
atttcgagtc
agttttatat

acaaacgaac

tctteocacgte
cgccgageteo
cogceegecte

catttccgac

Glu

Ile

330

Leu

Gln

Cys

Ile

Cys

410

Asp

Lys

Ile

Glu

Phe

315

Arg

Glu

Glu

Gly

Cys

395

Lys

Glu

Met

Ala

Ile
475

Gly

Ser

Glu

Lys

Trp

380

Trp

Glu

Val

Arg

Pro

460

Thr

Trp

Asn

His

Val

365

Gly

Pro

Trp

Liys

Asn

445

Asn

Val

ctocttttte

ctctgeaacyg

cacaatcoctce

ggccteocage

Gly

Leu

Ile

350

Leu

Ser

Tyr

Glu

Arg

430

Lys

Gly

Leu

PCT/EP2015/072645

Leu

Val

335

Lys

Lys

Thr

Ser

Val

415

Leu

Ala

Ser

Ala

Ala

320

Ile

Lys

His

Ile

Trp

400

Gly

Val

Lys

Ser

Arg
480

cgtatecoggce

cocggtcectcaa

atctcctege

ccgatcageo

atccatctgt

ttccagtgte

caagtcacta

cagacecggcec

137

aaccectttt

geoccgecaat

gaagggocac

cgtcacctto
cgoctgottt
tcgagatata
ccgggageta

aacttgegtt
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attacagatg tgattttteg ttttecegate gacgtagectg aagaactgga tattcctgtg
420
tttagtttet gtactttcag tgocegttte atgttteottt acttctggat tcccaagete
480
attgaagatg geccagcetteo atacccaaac ggcaatatca accagaaact ctacggtgtt
540
gctectgagy cggaaggect tttaagatgt aaagatttgce cgggacattyg ggctttecgea
600
gacgaactaa aagatgatca acttaacttt gtggaccaga caacggegtco acttegatec
660
tcocggtetea ttctcaacac attcgacgac ctcgaagetce cattteotyggg gegteoteteco
720
accatcttta agaaaatcta cgecocgttgga cceatccacyg ctctgttgaa ctecoccaccac
780
tgtggtcttt ggaaagaaga tcacagttge ctggogtgge tcgacteocoyg ggcggogaga
840
tecgtegtgt tegteagett cgggagettyg gtgaagataa caagtaggea gctgatggag
800
ttttggcatg gecttgeteaa cagtggaacy tegttectet tegtgttgag atctgacgta
960
gttgagggeg atggtgaaaa acaagtcgtce aaagaaattt acgagacgaa ggcagaggyy
1020
aaatggttgg ttgtggggtyg ggcteceogceaa gagaaggtgt tagcccatga agctgttggt
1080
ggatttctga cecattcggg ctggaactco attttagaga gcattgetge tggggttect
1140
atgatctcect gcoccaaaat tggagaccag tcecagtaact gtacgtggat cagtaaagta
1200
tggaaaattyg ggctegaaat ggaggaccaa tacgaccggyg ccacggtega ggcaatggtt
1260
aggtctataa tgaaacatga aggagaaaaa attcaaaaga caattgcaga gttagcaaaa
1320
cgagccaagt ataaagttag taaagatggy acatcgtatce gaaatttaga aattttaatt
1380
gaggatatta aaaaaattaa accaaattaa
1410
SEQ ID NO:62
Siraitia grosvenorii protein seguence
Met Glu Gln Ala His Asp Leu Leu His val Leu Leu Phe Pro Tyr Pro
1 5 10 15
Ala Lys Gly His Tle Lys Pro Phe Leu Cys Leu Ala Glu Leu Leu Cys

20 25 30
Asn Ala Gly Leu Asn Val Thr Phe Leu Asn Thr Asp Tyr Asn His Arg
35 40 45
Arg Leu His Asn Leu His Leu Leu Ala Ala Cys Phe Pro Ser Leu His
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50 55 60

Phe Glu Ser Ile Ser Asp Gly Leu Gln Pro Asp Gln Pro Arg Asp Ile
65 70 75 80

Leu Asp Pro Lys Phe Tyr Ile Ser Ile Cys Gln Val Thr Lys Pro Leu
85 S0 85

Phe Arg Glu Leu Leu Leu Ser Tyr Lys Arg Thr Ser Ser Val Gln Thr
100 108 110

Gly Arg Pro Pro Ile Thr Cys Val Ile Thr Asp Val Ile Phe Arg Phe
11is 120 125

pPro Ile Asp Val Ala Glu Glu Leu Asp Ile Pro Val Phe Ser Phe Cys
130 135 140

Thr Phe Ser Ala Arg Phe Met Phe Leu Tyr Phe Trp Ile Pro Lys Leu
145 150 155 160

Ile Glu Asp Gly Gln Leu Pro Tyr Pro Asn Gly Asn Ile Asn Gln Lys
165 170 178

Leu Tyr Gly Val Ala Pro Glu Ala Glu Gly Leu Leu Arg Cys Lys Asp
180 185 190

Leu Pro Gly His Trp Ala Phe Ala Asp Glu Leu Lys Asp Asp Gln Leu
195 200 205

Asn Phe Val Asp Gln Thr Thr Ala Ser Leu Arg Ser Ser Gly Leu Ile
210 215 220

Leu Asn Thr Phe Asp Asp Leu Glu Ala Pro Phe Leu Gly Arg Leu Ser
225 230 235 240

Thr Ile Phe Lys Lys Ile Tyr Ala Val Gly Pro Ile His Ala Leu Leu
2458 250 255

Asn Ser His His Cys Gly Leu Trp Lys Glu Asp His Ser Cys Leu Ala
260 265 270

Trp Leu Asp Ser Arg Ala Ala Arg Ser Val Val Phe Val Ser Phe Gly
275 280 285

Ser Leu Val Lys Ile Thr Ser Arg Gln Leu Met Glu Phe Trp His Gly
290 295 300

Leu Leu Asn Ser Gly Thr Ser Fhe Leu Phe Val Leu Arg Ser Asp Val
305 310 315 320

Val Glu Gly Asp Gly Glu Lys Gln Val Val Lys Glu Ile Tyr Glu Thr
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Lys

Val Ala

355

Leu

Ser Ile

370

Asn

Pro Ile

385

Lys

Trp Lys Ile

Glu Ala Met

Ile
435

Lys Thr

Asp Gly Thr

450
Lys Ile
465

Lys

SEQ ID NO:63

Ala Glu Gly

325

Lys
340

His Glu

Leu Glu

Gly Asp

Gly Leu

405

val
420

Arg
aAla Glu
Ser

Tyr

Pro Asn

Trp Leu Val

Ala val

360
Ile Ala
375

Ser

Gln Ser Ser

380

Glu Met

Ser Ile Met

Leu Ala Lys

440
Asn Leu
455

Arg

Gly

Glu

Val

345

Gly

Ala

Asn

Asp

Liys

425

Arg

Glu

330

Gly

Phe

Gly

Cys

Gln

410

His

Ala

Ile

Baccharomyces cerevisiae DNA sequence

atgctttoge
60
ccagtccctyg
120
tactacgatt
180
tggttacttc
240
gacaacgacy
300
ttggctaaaa
360
aatattgcett
420
actttggacyg
480

ggttgggcta
540

ttaaaacgtt actgtgtacg
caagagacoc ttettecatt
atgaccacgg ttcectogga
ttgaaccata  cattactcca
aaggaattoc tgtcgacgaa
gecegtttaca gagceccattgg
ccecaaggttt caaccttgte
atgatcectta tgttagecgge
gaaacaacay cttgaaagtt

Trp

Leu

Val

Thr

395

Tyr

Glu

Lys

Leu

Ala

Thr

Pro

38O

Trp

Asp

Gly

Tyr

Ile
460

Pro

His

365

Met

Ile

Arg

Glu

Lys

445

Glu

ttgttgactyg

caatttgtte

gaaccaatee

tetttgtteg

tatcacttct

tctactticet

agaattcota

ctacaggaat

tgggttgatt

140

Gln

350

Ser

Ile

Ser

Ala

Lys

430

Val

Asp

PCT/EP2015/072645

335

Glu

Gly

Ser

Lys

Thy

415

Ile

Ser

Ile

Lys

Trp

Cys

val

400

val

Gln

Lys

Lys

tgtcateagt

atgaggagaa

gtggtgtcaa

aggcttteeyg

gtcaatattt

accaagaaca

teggttactg

cttacctaga

tgcatggtgoe

actcgctacc
caagaaaaga
cattggtggt
tacaaatgat
aggtaaggat
agatttcget
ggctttecaa
cecaagecato

cgctggttcyg
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cagaacgggt ttgataactc
600
ttggeegtta ctacaaatgt
660
ttggacactg ttattggtat
720
gatazsaatga agaatgacta
780
agtgaccaag ttatcateat
840
atgactgaaa acgatggcta
900
gettctgate aattggaaag
960
accggagttt tgaatgaatc
1020
gattgtacaa aatggttgaa
1080
aatggtgacc aaacatctte
1140
tggtotgacy aaagaaagga
1200
gaaatgagag ggggttggat
1260
gctcaaagat tgatgttcaa
1320
aaccaatgtg
1347

SEQ ID NO:64

gaccharomyces cerevisiae protein sequence

Met Leu Ser

val Leu Ala

Glu
35

val His

Leu Gly Glu
50

Glu Pro
65

Tyr

Asp BAsn Asp

PCT/EP2015/072645

agtttttgga
aatactotge
tgggtcetgt
acttgagaaa
acaattatty
atcatcacta
aagtagecttyg
agtttgotge
gatacgacgyg
acaacgatga
aggcacaact
aatctagttt

tgactgacag

Leu

Thr

20

Glu

Pro

Ile

Glu

Lys

5

Pro

Asn

Ile

Thr

Gly
85

Thr

Val

Lys

Arg

Pro

70

Ile

tggtttgaga gattcataca
cttgaactac atattgaaaa
cgaattgatt aatgagccat
cttggcacct gettacgaat
ccatgacget ttocaaccat
ctgaggtgtce actatcgacc
atccattgat gaacatatta
ccactggact gtttgtggtyg
tagtgttgge ttecggeogeta
ttacattggc tettgtgeta
aaacacaaga cgttatgtgyg
tatctggtgt tacaagacag
tggtttattc cctecaaccat
geacaatttc
Leu Leu Cys Thr Leu Leu Thr
10
Pro Ala Arg Asp Pro Ser Ser
25
Lys Arg Tyr Tyr Asp Tyr Asp
40 45

Gly Val Asn Ile Gly Gly Trp

55 60

Ser Leu Phe Glu Ala Phe Arg

75
Pro Val Asp Glu Tyr His Phe
90

141

Val

Ile

30

His

Leu

Thr

Cys

Ser

15

Gln

Gly

Leu

Asn

Gln
95

Ser

Phe

Ser

Leu

Asp

80

Tyr

agacagcaat
ggaggaatac
tctagacatg
caacatcaaqg
ggatgactte
ccaagtettt
tgaatggggt
cgetttgact
ttettgggte
tatagcttac
agatgecttt
ggaatgggat
aaagtatcca

taactaa
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Leu Gly Lys Asp Leu Ala Lys Ser Arg Leu Gln Ser His Trp Ser Thr
100 105 110

Phe Tyr Gln Glu Gln Asp Phe Ala Asn Ile Ala Ser Gln Gly Phe Asn
115 120 125

Leu Val Arg Ile Pro Ile Gly Tyr Trp Ala Phe Gln Thr Leu Asp Asp
130 138 140

Asp Pro Tyr Val Ser Gly Leu Gln Glu Ser Tyr Leu Asp Gln Ala Ile
145 150 185 160

Gly Trp Ala Arg Asn Asn Ser Leu Lys Val Trp Val Asp Leu His Gly
165 1706 175

Ala Ala Gly Ser Gln Asn Gly Phe Asp Asn Ser Gly Leu Arg Asp Ser
180 185 180

Tyr Lys Phe Leu Glu Asp Ser Asn Leu Ala Val Thr Thr Asn Val Leu
195 200 205

Asn Tyr Ile Leu Lys Lys Tyr Ser Ala Glu Glu Tyr Leu Asp Thr val
210 215 220

Ile Gly Ile Glu Leu Ile Asn Glu Pro Leu Gly Pro Val Leu Asp Met
225 230 235 240

Asp Lys Met Lys Asn Asp Tyr Leu Ala Pro Ala Tyr Glu Tyr Leu Arg
245 250 255

Asn Asn Ile Lys Ser Asp Gln Val Ile Ile Ile His Asp Ala Phe Gln
260 265 270

Pro Tyr Asn Tvr Trp Asp Asp Phe Met Thr Glu Asn Asp Gly Tyr Trp
275 280 285

Gly Val Thr Ile Asp His His His Tyr Gln Val Phe Ala Ser Asp Gln
290 285 300

Leu Glu Arg Ser Ile Asp Glu His Ile Lys Val Ala Cys Glu Trp Gly
308 310 315 320

Thr Gly Val Leu Asn Glu Ser His Trp Thr Val Cys Gly Glu Phe Ala
325 330 335

Ala Ala Leu Thr Asp Cys Thr Lys Trp Leu Asn Ser Val Gly Phe Gly
340 345 350

Ala Arg Tyr Asp Gly Ser Trp Val Asn Gly Asp Gln Thr Ser Sexr Tyw
355 360 365

142
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Ile Gly Ser Cys Ala Asn Asn Asp Asp

370

Arg Lys Glu Asn Thr Arg Arg

385 390

Glu Met Arg Gly Gly Trp
405

Leu Glu Trp Asp Ala Gln Arg

420

Pro Leu Thr Asp Arg Lys
435

SEQ ID NO:65

Ile

Tyr

375

Tyr Val

Ile Trp

Leu Met
425

Pro Asn
440

Ile Ala

Glu Ala
395

Cys
410

Tyr
Asn

Phe

Gln Cys

Saccharomyces cerevisiae DNA sequence

atgccetttga
60
caaggcgttg
120
caaaacaaat
180
ggcggetgge
240
ctggcaaaac
300
aaaaccttag
360
acagaggatg
420
ggatattggg
480
aatgatccat
540
gegcaaaagt
600
ggattcgata
660
aatactaaag
720
ggtgacaaaa
780
gatgtttcag
840
aattcgagtyg
900

agtcgtrtoe
goaccacaga
tegectocta
tagtaacaga
agcaaaactc
gatataacac
attttgaaca
cgtggaaaca
acgtaagtga
acgaactaaa
attccggtga
aactgactct
gtectgtggt
acataacgga

acaacactac

tttttecagea
gaaggaagaa
ctatgcaaac
accttatate
ttccagcaat
ctctetaact
aatcaaaacc
aaatactgat
tggattacaa
tgtatggtta
aagaatactc
ggctatttgy
gggtattcaa
gatgtattac

gtttgttatt

Tyr

380

Gln

Lys

Gly

Gly

Trp

Leu

Thr

Leu

Thr
445

PCT/EP2015/072645

Ser Asp Glu

Ala Phe
400

Asp

Glu Ser Ser

415

Phe
430

Pro Gln

Ile Ser Asn

tttoctagtee
tcgttatege
gacactatca
acgccatecat
atctcecattyg
ttattggata
aacggtitca
aaaaacttgt
ctgaaatatt
gatctacatg
tatggcgatt
agagatatgt
atcgteaacyg
gaagcatttyg

catgacggtt

143

tatgecectgte
ctttggaact
cecgtgaaagy
tatatcgtaa
tcgacgaatt
atcacttcaa
atttagttag
acatcgataa
taaataatge
gtgetootygg
taggctggtt
tccagacatt
aaccgettgy
acttgctceaa

Ltcaaggaat

taaattcacy
aaatatttta
tattactatt
tgctacgtea
tactectttgt
aacttggatt
gatccoecate
cataactttc
tctegaatgg
atcccagaat
aaggttgaat
tttaaataaa
tggcaaaatc
gaaaaatcag

cggtcactgyg
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aacttggagce
960
gcaaattaca
1020
gogeaattgg
1080
atccacaaag
1140
gattgtgcaa
1200
aatacaacgt
1260
ttagetgatt
1320
gocacttatt
1380
gtagaatggg
1440
tacacgtact
1500
caggecatttoe
1560
aagaatgctg
1620
agtttgacct
1680
tctectttaa
1689

SEQ ID NO:66

taaacccaac
gctotcaaga
cecgaaactca
aactttettt
cctggectaaa
tgtttaccac
ggacgcaaga
cgtcaaaaac
attatttgaa
tcaaagcaga
caagaacaac

caatttctaa

ggaaagcgag

ctaccagaat
tatattggte
gtttgcacgt
tcacccagea
tggtgttggy
caacgacaag
ttaccgtgac
aacgggatgyg
gctaaaagaa
tggatctate
gtcatoggtt
taaactaaca

cgtatgegea

gtatcgecatc
gaccatecate
attgaaaaca
gtagtcggag
gtgggtgcac
ccagttggaa
cgtgtgagac
attttttgga
gctaaccttt
gaagaaaaat
ttgtecteca
acttegeage

ctogetatea

Saccharomyces cerevisiae protein seguence

Met

Ser

Ser

Ala

val

65

Leu

Pro

Lys

Pro

Asn

50

Thr

Ala

Leu

Phe

Leu

35

Asp

Glu

Lys

Lys Ser Phe

Thr Gln

20

Gly

Glu Leu Asn

Thr Ile Thr

Ile
70

Pro Tyr

Gln
85

Gln

Asn

Phe Phe

val Gly

Ile Leu

40

val
55

Lys
Pro

Thr

Ser Seyx

Sex

Thr

25

Gln

Gly

Ser

Ser

Ala

10

Thr

Asn

Ile

Leu

Asn
90

144

Phe

Glu

Lys

Thr

Tyr

75

Ile

Leu

Lys

Fhe

Ile

60

Arg

Ser

val

Glu

Ala

45

Gly

Asn

Ile

PCT/EP2015/072645
attatttcaa tttgactggt
attatgaagt gtttactgat
ttatcaatta tggggactct
aatggtcagy cgctattact
gttacgatgg atcatactac
catgtatatc ccaaaatagc
aattcattga ggcacageta
attggaagac cgaagacgcc
Leecttecoe tttecgacaac
tctecatecte tttatcagea
ctacgacttc caggaagagt
tattaccaat caaaaatatg
ccattgcoge tetttgeget
Leu Cys Leu

15
Glu Ser Leu
30
Ser Tyr Tyr
Gly Trp Leu
Ala Thr Ser
80
Val Asp Glu
95
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Phe Thr Leu Cys Lys Thr Leu Gly Tyr Asn Thr Ser Leu Thr Leu Leu
100 105 110

Asp Asn His Phe Lys Thr Trp Ile Thr Glu Asp Asp Phe Glu Gln Ile
115 120 125

Lys Thr Asn Gly Phe Asn Leu Val Arg Ile Pro Ile Gly Tyr Trp Ala
130 135 140

Trp Lys Gln Asn Thr Asp Lys Asn Leu Tyr Ile Asp Asn Ile Thr Phe
145 150 155 160

Agn Asp Pro Tyr Val Ser Asp Gly Leu Gln Leu Lys Tyr Leu Asn Asn
1658 170 175

Ala Leu Glu Trp Ala Gln Lys Tyr Glu Leu Asn Val Trp Leu Asp Leu
180 185 1380

His Gly Ala Pro Gly Ser Gln Asn Gly Phe Asp Asn Ser Gly Glu Arg
195 200 208

Ile Leu Tyr Gly Asp Leu Gly Trp Leu Arg Leu Asn Asn Thr Lys Glu
210 215 220

Leu Thr Leu Ala Ile Trp Arg Asp Met Phe Gln Thr Phe Leu Asn Lys
225 230 235 240

Gly Asp Lys Ser Pro Val val Gly Ile Gln Ile Val Asn Glu Pro Leu
245 250 255

Gly Gly Lys Ile Asp Val Ser Asp Ile Thr Glu Met Tyr Tyr Glu Ala
260 265 270

Phe Asp Leu Leu Lys Lys Asn Gln Asn Ser Ser Asp Asn Thr Thr Phe
275 280 285

Val Ile His Asp Gly Phe Gln Gly Ile Gly His Trp Asn Leu Glu Leu
290 295 300

Asn Pro Thr Tyr Gln Asn Val Ser His His Tyr Phe Asn Leu Thr Gly
305 310 315 320

Ala Asn Tyr Ser Ser Gln Asp Ile Leu Val Asp His His His Tyr Glu
325 330 335

Val Phe Thr Asp Ala Gln Leu Ala Glu Thr Gln Phe Ala Arg Ile Glu
340 345 350

Asn Ile Ile Asn Tyr Gly Asp Ser Ile His Lys Glu Leu Ser Phe His
385 360 365

145
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Pro Ala Val val Gly Glu Trp Sexr Gly
370 375

Trp Leu Asn Gly Val Gly val Gly Ala
385 390

Asn Thr Thr Leu Phe Thr Thr Asn Asp
405

Ser Gln Asn Ser Leu Ala Asp Trp Thr
420 425

Arg Gln Phe Ile Glu Ala Gln Leu Ala
435 440

Gly Trp Ile Phe Trp Asn Trp Lys Thr
450 455

Tyr Leu Lys Leu Lys Glu Ala Asn Leu
465 470

Tyr Thr Tyr Phe Lys Ala Asp Gly Ser
485

Ser Leu Ser Ala Gln Ala Phe Pro Arg
500 505

Ser Thr Thr Thr Ser Arg Lys Ser Lys
515 520

Leu Thr Thr Ser Gln Leu Leu Pro Ile
530 535

Lys Ala Ser Val Cys Ala Leu Ala Ile
545 550

Ser Leu

SEQ ID NO:67
Siraitia grosvenorii DNA sequence

atggtgcaac ctegggtact getgttitcot
60
ttatcactgy cggagctget ttcocgacgeco
120
tataaccacc gtoggatcte caacactgaa
180

Ala

Arg

Lys

410

Gln

Thr

Glu

Phe

Ile

430

Thr

Asn

Lys

Thr

Ile

Tyr

395

Pro

Asp

Tyr

Asp

Pro

475

Glu

Thr

Ala

Asn

Ile
555

Thr

380

Asp

Val

Tyxr

Ser

Ala
460

Ser

Glu

Ser

Ala

Met

540

Ala

Asp

Gly

Gly

Arg

Ser

445

Val

Pro

Lys

Ser

Ile

525

Ser

Ala

ttcooggeac

ggcatagacg

gcecectageet

146

Cys

Ser

Thr

Asp

430

Lys

Glu

Phe

Phe

Val

518

Ser

Leu

Leu

PCT/EP2015/072645

Ala

Tyr

Cys

415

Arg

Thr

Trp

Asp

Ser

495

Leu

Asn

Thr

Cys

Thr

Tyx

400

Ile

val

Thr

Asp

Asn

480

Ser

Ser

Lys

Trp

Ala
560

tgggccacgt

tegtettect

coegettooe

gaagccottc
cagcaccgag

gacgctteat
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ttcgaaacta taccggatgg cctgecogect aatgagtcge gcgectocttge
240

citgtatttet ccatgcgtga gaggaactaaa cegagatieo ggcaactgat
300

aacgacggtc gttggecccat cacctgecatt atcactgaca tcatgttate
360

gaagtagcygg aagaatttgg gattcecagta attgccttet gececctgeag
420

ttatcgattce acttttttat acogaageote gttgaggaag gtcaaattcc
480

gacgatcoga ttggagagat ccagggggty ccettgtteg aaggtectttt
540

catttgecocty gttettggte tgataaatct gecagatatat ctttctegea
600

matcagaccce ttgcagetgyg tcgagectog gectettatac tcaacacctt
660

gaagctccat ttoctgaccea tctctetteo attttcaaca aaatctacac
720

cteccatgetco tgteccaaate aaggctcgge gactcctect ccteegetto
780

ggattctgga aagaggatag agecctgeatyg tecetggeteg actgtecagee
840

gtggtttteg tcagtttegg gagtacgatyg aagatgaaag ccgatgaatt
900

tggtatgggt tggtgagcayg cgggaaaccy ttectetgeyg tgttgagatc
960

teccggeggag aagcggcgga attgatcgaa cagatggogyg aggaggagygyg
1020

aagctgggaa tggtagtgga gtgggcagcyg caagagaagqg tcotgageca
1080

ggtgggtttt tgacgcactyg cgggtggaac tcaacggtgyg aaagcattgce
1140

ccgatgatgt gctggecgat tcteggegac caacccagca acgccacttyg
1200

gtytggaaaa ttggggttga aaggaacaat cgtgaatggg acaggttgac
1260

atggtgagag cattgatgga aggccaaaay agagtggaga ttcagagatc
1320

ctttcaaagt tggcaaatga gaaggttgte aggggtgggt tgtcttttga
1380

gttotegttg aagacatcaa aaaattgaaa ccatataaat
1425

SEQ ID NO:68
Siraitia grosvenorili protein seguence

Met Val Gln Pro Arg Val Leu Leu Phe Pro Phe Pro Ala Leu Gly His
1 5 10 15

147

cgacggecca
tcaatctett
ttctecgatt
tgctogotac
atacgcagat
gegacggaat
tggcttgatt
cgacgagctc
cattggaccc
tgeeetetee
gcegagatct
gagagagtte
cgacgttgtt
agctggaggy
coctgeogte
cgcgggagtt
gatcgacaga
ggtggagaay
aatggagaag
taacttggaa

tttaa
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Val Lys Pro Phe Leu Ser Leu Ala Glu Leu Leu Ser Asp Ala Gly Ile
20 25 30

Asp Val Val Phe Leu Ser Thr Glu Tyr Asn His Arg Arg Ile Ser Asn
35 40 45

Thr Glu Ala Leu Ala Ser Arg Phe Pro Thr Leu Hig Phe Glu Thr Ile
50 55 60

Pro Asp Gly Leu Pro Pro Asn Glu Ser Arg Ala Leu Ala Asp Gly Pro
65 70 75 80

Leu Tyr Phe Ser Met Arg Glu Gly Thr Lys Pro Arg Phe Arg Gln Leu
85 S0 95

Ile Gln Ser Leu Asn Asp Gly Arg Trp Pro Ile Thr Cys Ile Ile Thr
100 105 110

Asp Ile Met Leu Ser Ser Pro Ile Glu Val Ala Glu Glu Phe Gly Ile
115 120 125

Pro Val Ile Ala Phe Cys Pro Cys Ser Ala Arg Tyr Leu Ser Ile His
130 135 140

Phe Phe Ile Pro Lys Leu Val Glu Glu Gly Gln Ile Pro Tyr Ala Asp
145 150 155 160

Asp Asp Pro Ile Gly Glu Ile Gln Gly Val Pro Leu Phe Glu Gly Leu
165 170 175

Leu Arg Arg Asn His Leu Pro Gly Ser Trp Ser Asp Lys Ser Ala Asp
180 185 190

Ile Ser Phe Ser His Gly Leu Ile Asn Gln Thr Leu Ala Ala Gly Arg
195 200 205

Ala Ser Ala Leu Ile Leu Asn Thr Phe Asp Glu Leu Glu Ala Pro Phe
210 215 220

Leu Thr His Leu Ser Ser Ile Phe Asn Lys Ile Tyr Thr Ile Gly Pro
225 230 235 240

Leu His Ala Leu Ser Lys Ser Arg Leu Gly Asp Ser Ser Ser Ser Ala
245 250 255

Ser Ala Leu Ser Gly Phe Trp Lys Glu Asp Arg Ala Cys Met Ser Trp
260 265 270

Leu Asp Cys Gln Pro Pro Arg Ser Val Val Phe Val Ser Phe Gly Ser
275 280 285

148
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Met
280

Thr Lys

val Sexr

305

Ser

Ser Gly Gly

Gly Ala

Val Leu

355

Lys

Asn Serxr

370

Trp

Trp Pro Ile

385
Val

Trp Lys

Thr Val Glu

Gln
435

Glu Ile

Val
450

Val Arg

aAsp Ile

465

Lys

SEQ ID NO:69

Gly

Met Lys Ala

Gly Lys Pro

310

Ala
325

Glu Ala

Gly Leu

340

Lys

Ser His Pro

Thr Val Glu

Leu Gly Asp

390

Ile Gly val

405

Lys Met val

420

Arg Ser Met

Gly Gly Leu

Lys Leu Lys

470

Asp

295

Phe

Glu

Gly

Ala

Ser

375

Gln

Glu

Arg

Glu

Ser

455

Pro

Glu

Lewy

Leu

Met

Val

360

Ile

Pro

Arg

Ala

Lys

440

Phe

Tyr

Leu

Cys

Ile

Val

345

Gly

Ala

Ser

Asn

Leu

425

Leu

Asp

Lys

Siraitia grosvenorii DNA sequence

atggatgcaa
60
atatcgcect
120
tgetocacge
180
togatccaac
240
acagccaaag
300

aagaagaaaqg
acctagagct
ctgtaaattt
taatggaggt

gecetteogee

cttgaaagtt

agccaagagg

ggaagccatt

Arg

Val

Glu

330

Val

Gly

Ala

Asn

Asn

410

Met

Ser

Asn

Phe

Glu

Leu

315

Gln

Glu

Phe

Gly

Ala

395

Arg

Glu

Lys

Leu

Phe

300

Arg

Met

Trp

Leu

Val

380

Thr

Glu

Gly

Leu

Glu
460

Trp

Ser

Ala

Ala

Thr

365

Pro

Trp

Trp

Gln

Ala

445

Val

tttatgette

cttgcaaaga

aaaccdaagc

Tyr

Asp

Glu

Ala

350

His

Met

Ile

Asp

Lys

430

Asn

Leu

PCT/EP2015/072645

Gly

Val

Glu

335

Gln

Cys

Met

Asp

Arg

415

Arg

Glu

Val

Leu

Val

320

Glu

Glu

Gly

Cys

Arg

400

Leu

Val

Lys

Glu

catggttgge

gaaaatttet

tttccaaaag

tecetetegaa

gcatittaatyg

tcgacgoogyg

cecaaactca

149

agcttocotece

tgaatgeeott

ccatggtcat
tgtttatttc
ctactctgat
tcactatecat

taaaatggtt
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gcteeccaate
360
ctcecttecat
420
atttteggtg
480
ccatttececag
540
gaccaagcegg
600
atcaaaactt
660
aagaaggttyg
720
cagtactocg
780
tcgbttggga
840
gagagcegeca
900
gaggtcgagg
960
gtegaggget
1020
agoecacaacy
1080
gegoegatge
1140
ttggaaatca
1200
aagacggtgg
1260
agcattttga
1320
ttatgccaaa
1359

SEQ ID NO:70

Artificial
UGT1178%9

atggacgcca
60
atttctcecat
120
tgttctaccc
180
tctattcaat
2440

tcgaatcgat cctaaaaacc
ggatgettee actegcettea
ccatggecat ctectttatyg
aatttgaact tecacgagtge
aaagtcaatc gttcttagaa
ccagagagat tgaggctaag
tgaccaccgy tecccotggtt
atatcatcga atggctagac
gcgagtatta tctgteaaag
gcgaggtgaa tttecatctgy
cggegetgee ggaggggttc
gggetcocgea ggegaaaata
ggtggagcte  gattgtggag
aacttgacgg gccaategte
agagagatga ggaagggaga
cggtgggcaa  aaccggggaa
agatgaaaga  tgaagaagag
tgaaaagaqgyg

Sequence;

aagaagaatc
atttggaatt
cagttaactt

tgatggaagt

Codon-optimized

cttgaaggtt
ggctaagaga
ggaagctatt

cccattggaa

PCT/EP2015/072645

ctaaacccag atctgcteat
tecgotcaaaa tteccocgatggt
atttataatc gaaccgtetc
tggaaatcga - agtgcccocta
tacttggatc aatcttcagg
tatgtagact ttctecactte
cagcaacctt cttoeggega
aagaaggage cgttatcgac
gaagagatgg  aagaaatcgce
attgttaggt ttecgatggg
atccagaggyg  caggagagag
ttggogecatc cgagcaccygyg
tgettgatgt  coggtgtacc
gecaaggetgy  tggaggagat
atcacgaggg gegaagttge
gattttagaa  ggaaagcaaa
gttgacactt tggcaatgga
gcaggagtcet

nucleotide sequence
tttatgttge catggttggc
ttggccaaga gaaagttctt
aagocaaagt tgtccaagte
toccacteocag aattgocacce

150

cgtegacatt
tttetteact
gaacgagett
tttgttcaag
cgtaattttg
gtegtttacy
agacgagaag
ggtgctegtt
ctacgggety
acaggaaacyg
agggaaagtyg
cggecatgtyg
ggtgatcgge
cggcgtgagt
cgatgcaatc
aaaaatcage
attagtgagg

caggactaa

encoding

tcatggtcat
ggtttactte
ctactccgat

acattatcat
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actgctaaag gtttgccacc tcatttgatg ccaaaattga tgaacgettt caagatggtt
300
getccaaact tggaatcaat cttgaaaacc ttgaacceag acttgttgat cgttgatatt
360
ttgttgectt ggatgttgcce tttggectec tctttgaaaa ttcctatggt ctttetteace
420
atctteggty ctatggctat ttecttteatg atctacaaca gaaccgttte caacgaattyg
480
ccatttccayg aatttgaatt gcacgaatge tggaagtcta agtgtceata cttgtttaag
540
gatcaagooy aatcccaatce cttcttggaa tatttggate aatccteegg tgtcattttg
600
atcaagacct ctagagaaat tgaagccaaqg tacgttgatt tettgaccte ttcattcace
660
aagaaggttyg ttactactygg ccecattggtt caacaaccat catctggtga agatgaaaag
720
caatactcecg atatcattga atggttggac aagaaagaac cattgtcecac tgttttggtt
780
tetbbbeggtt ccgaatatta cttgtctaaa gaagaaatgqg aagaaatcgce ctacggtttyg
840
gaatctgett cbtgaagttaa tttocatctgg atcgtcagat teccaatgyg tcaagaaact
900
gaagttgaag ctgetttgec agaaggttet attcaaagag ctggtgaaag aggtaaagtt
960
gttgaaggtt gggctccaca agctaagatt ttggcteatc catctactgg tggtcacgtt
1020
tectcataatg gttggtcatce tatcgttgaa tgecttgatgt ctggtgttcce agttattggt
1080
geteccaatge aattggatgg tccaatagtt goetagattgg tcgaagaaat tggtgttggt
1140
ttggaaatca agagagatga agaaggtaga atcaccagag gtgaagttge tgatgctatt
1200
aagactgttyg ctgttggtaa aaccggtgaa gattttagaa gaaaggocaa gaagatctcc
1260
tccattttaa agatgaagga cgaagaagaa gttgacacct tggctatgga attggttaga
1320
ttgtgtcaaa tgaagagagyg tcaagaatcco caagactga
1358
BEQ ID NO:71
Artificial Sequence; Codon-optimized nucleotide sequence B encoding
UGT11788
atggatgcta aggaagaatc tttgaaagtc tttatgctgce cttggttgge tcacggtcat
60
atttcececogt atttggaatt ggcaaaaaga ctggccaaga gaaaattctt agtgtatttc
120
tgttcaacte cagtgaattt ggaagocate zaaccaaaat tgtctaagte atattotgac
180

151
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tctatacaac tgatggaagt tcetttggaa agtacaccgg aactgccacc ccattatcat
240
acagctaaaqg ggttaceccce acacttgatg cccaagetaa tgaatgcatt taagatggtc
300
gcecaccaaate tggaaagtat acttaagacyg ctaaaccctyg atttattaat tgtagatatc
360
cttectaccat ggatgttgeo cttagettcea tctttaaaaa ttecgatggt ttttttecact
420
atctttggag ccatggeaat ttectitatg atttacaata gaacagtctc aaatgagtta
480
cecttteccag agtttgaatt acatgaatge tggaaatcta aatgtccata tttgttcaaa
540
gaccaageaqg aatcccaatc tttettagaa tacttagatc agagtteogyg agttatcttyg
600
atcaagacat ctagggaaat Lgaagcaaag tatgtggact ttttgaccte cagttttact
660
aagaaagtcg taacaacgygyg tcctotagte caacaaccta gttcaggaga ggatgagaaa
720
caatatagceyg atataatcga atggttagat aaaaaagagc cattgagtac cgttctagtg
780
tectttggtt cagaatatta tctgtctaaa gaagagatgg aagagattge ctacggetta
B40
gaatcagett ccgaagtaaa ctttatatgg attgtcagat ttcocecatggy acaagaaacc
500
gaggtcgaag cagotttgee cgaaggtttt attcaacgtg cocggcgaaayg aggaaaagta
960
gtggaaggtt gggctccaca agccaaaatt ctagctcacc cgtcoccactgyg tggtecatgte
1020
tctecataacg gatggagttce aattgttgaa tgtttgatga gtggtgttce agtgatagga
1080
gctectatge agctggacgg tcecaatagte gccaggttag tcgaagaaat tggtgttggt
1140
ttagaaataa agagagacga agaaggtaga attactagag gtgaagtagc agatgcaatt
1200
aaaactgttyg ctgtcggeaa gactggagaqg gattttcgta gaaaagccoaa aaaaatatca
1260
tctatactaa aaatgaaaga cgaagaggayg gttgatacgc tggcgatgga actagttaga
1320
ttgtgtecaga tgaagcgtgy tcaggaaagt caagactaa
1359

SEQ ID NO:72
Siraitia grosvenorii protein sequence

Met Asp Ala Lys Glu Glu Ser Leu Lys Val Phe Met Leu Pro Trp Leu
1 5 10 15

Ala His Gly His Ile Ser Pro Tyr Leu Glu Leu Ala Lys Arg Leu Ala
20 25 30

152
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Lys Arg Lys Phe Leu Val Tyr Phe Cys Ser Thr Pro Val Asn Leu Glu
35 40 45

Ala Ile Lys Pro Lys Leu Ser Lys Ser Tyr Ser Asp Ser Ile Gln Leu
50 55 60

Met Glu Val Pro Leu Glu Ser Thr Pro Glu Leu Pro Pro His Tyr His
65 70 75 80

Thr Ala Lys Gly Leu Pro Pro His Leu Met Pro Lys Leu Met Asn Ala
85 90 95

Phe Lys Met Val Ala Pro Asn Leu Glu Ser Ile Leu Lys Thr Leu Asn
100 105 110

Pro Asp Leu Leu Ile Val Asp Ile Leu Leu Pro Trp Met Leu Pro Leu
118 120 125

Ala Ser Ser Leu Lys Ile Pro Met Val Phe Phe Thr Ile Phe Gly Ala
130 135 140

Met Ala Ile Ser Phe Met Ile Tyr Asn Arg Thr Val Ser Asn Glu Leu
145 150 158 160

Pro Phe Pro Glu Phe Glu Leu His Glu Cys Trp Lys Ser Lys Cys Pro
165 170 175

Tyr Leu Phe Lys Asp Gln Ala Glu Ser Gln Ser Phe Leu Glu Tyr Leu
180 185 190

Asp Gln Ser Ser Gly Val Ile Leu Ile Lys Thr Ser Arg Glu Ile Glu
185 200 205

Ala Lys Tyr Val Asp Phe Leu Thr Ser Ser Phe Thr Lys Lys Val Val
210 215 220

Thr Thr Gly Pro Leu Val Gln Gln Preo Ser Ser Gly Glu Asp Glu Lys
225 230 235 240

Gln Tyr Ser Asp Ile Ile Glu Trp Leu Asp Lys Lys Glu Pro Leu Ser
245 250 255

Thr Val Leu vVal Ser Phe Gly Ser Glu Tyr Tyr Leu Ser Lys Glu Glu
260 265 270

Met Glu Glu Ile Ala Tyr Gly Leu Glu Ser Ala Ser Glu Val Asn Phe
275 280 285

Ile Trp Ile Val Arg Phe Pro Met Gly Gln Glu Thr Glu Val Glu Ala
280 295 300

153
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Ala
305

Leu Pro

Val Glu

Gly Gly His

Met Ser Gly

355
Ala

Ile Val

370
Arg Glu
385

Asp

Lys Thr val

Lys Lys Ile

Ala
435

Thr Leu

Glu Ser Gln

450

SEQ ID NO:73

Gly Trp

Phe
310

Glu Gly

Ala
325
val His
340

Ser

Val Pro Val

Arg Leu Val

Glu Gly

390

Val
405

Ala Gly

Ser Ser Ile

420

Met Glu Leu

Asp

Pro

Arg

Ile

Gln

Asn

Ile

Glu

375

Ile

Lys

Leu

val

Gln

Ala

Gly

Gly

360

Glu

Thr

Thr

Liys

Arg
440

Arg Ala

318
Ile Leu
330

Lys

Trp Ser Ser

345
Ala

Pro Met

Ile Gly Val

Glu
395

Arg Gly

Gly Glu
410

Asp

Met
425

Lys Asp

Leu Cys Gln

Siraitia grosvenorii DNA sequence

atggaaatgt
60
gtgggagtgg
120
cggectgagag
180
gagagggcgg
240
ggaccacgtg
300
atgtggettg
360
tttactctag
420
gatggaatag
480

cgtegtetgt
gatggagagt
agcaaggcct
cgatggagga
tetteocecte
gcecatatec
tctatgatat

taactcatga

tgcagetacy
tgtgaactygg
cgeoggaaac
gcaggccaac
catgtacaaa
aagagtgcac
ccaaaageca

aggagaaaaa

154

Ala

Ile

Gln

Gly

380

Val

Phe

Glu

Met

Gly Glu Axrg

His

Val

Leu

365

Leu

Ala

Arg

Glu

Lys
445

atttcaatat
gtttggttga
tcttacecgge
tcecaagoeoca
accatccaga
atcatggacc
aatttgaacc

tgggctaaac

PCT/EP2015/072645

Gly Lys Val

320
Pro Ser Thr
335

Glu
350

Leu

Cys

Asp Gly Pro

Glu Ile Lys

Ala Ile

400

Asp

Lys Ala

415

Arg

Glu val

430

Asp

Arg Gly Glin

ggatggttgt
ggccgaagaa
Ltetgttogg
tecaacttetce
attatggtaa
ctecagcaact
ccecttatcecaa

acagaaagat

ggtgtgcata
gcttgagaag
agacttgaag
ccatgatatc
gaattegtac
taaaactgtt
gtttetttty

aatcaaccct
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gecatttcatt tggaaaagtt gaaggatatg ataccagcat totttecatag
540

atagttaacg aatgggaaaqg attaatcteg aaagagggtt cgtgtgagtt
600

ccatatcotge aaaatttggce agctgatgec atttectegaa ctgcatttgg
660

gaagaaggaa aaatgatctt ccaactttta aaagaactaa ctgatttggt
720

gecatttggayg tttatattce cggatggagg tttctaccaa ctaagtcaaa
780

aaagaaataa atagaaaaat taaaagtttg cttttgggta ttataaacaa
840

getatggaag aaggtgaage tggacaaagt gatttattag gecattctcat
900

tcaaacgaaa ttcaaggaga aggaaacaat aaagaagatg gaatgagcat
960

attgaagaat geaaggtttt ctatattggt ggccaagaaa creacagecag
1020

tggaccatga tottgttgag ttcacacacg gaatggcaag agcgagcaag
1080

ttaaaagtat ttggtaacaa gaagccagat tttgatggtt tgagtcgact
1140

actatgattt tgaacgaggt tctecaggtta tacccaccag caagtatget
1200

attcaaaagyg aaacaagagt tggaaaattyg actctaccag ctggtgtgat
1260

ccaattatte ttatccateg tgatcatgac ctatggggtyg aagatgcaaa
1320

ccagaaagat tttctaaggyg agtctctaaa gragcaaaag ttcaaccege
1380

tttggatggyg gtecoctegaat atgcatgggy cagaactttyg cgatgattga
14490

geattateat taattctaca acgcttetea tttgagettt cttegtegta
1500

cctacegteg ttttcactac tcaacctcaa catggagcete atatcgtecct
1560

tag

1563

SEQ ID NO:74
Siraitia grogvenorii protein sequence

Met Glu Met Ser Ser Ser Val Ala Ala Thr Ile Ser Ile Trp Met Val
1 5 10 15

val val Cys Ile Val Gly Val Gly Trp Arg Val Val Asn Trp Val Trp
20 25 30

Leu Arg Pro Lys Lys Leu Glu Lys Arg Leu Arg Glu Gln Gly Leu Ala
35 40 45

155

ttgtaatgag
ggatgttatg
gagtagctat
ggttaaagtt
caataaaatyg
aaggcaaaag
ggaatccaat
agaagatgtt
attactgatt
aactgaggta
aaaagttgta
tactecgtatt
attgatcatg
cgaatttaaa
cttettecea
agcaaaaatg
tgttcatget

gograaacty
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Gly Asn Ser Tyr Arg Leu Leu Phe Gly Asp Leu Lys Glu Arg Ala Ala
50 55 60

Met Glu Glu Gln Ala Asn Ser Lys Pro Ile Asn Phe Ser His Asp Ile
65 70 75 80

Gly Pro Arg Val Phe Pro Ser Met Tyr Lys Thr Ile Gln Asn Tyr Gly
85 30 95

Lys Asn Ser Tyr Met Trp Leu Gly Pro Tyr Pro Arg Val His Ile Met
100 105 110

Asp Pro Gln Gln Leu Lys Thr Val Phe Thr Leu Val Tyr Asp Ile Gln
115 120 128

Lys Pro Asn Leu Asn Pro Leu Ile Lys Phe Leu Leu Asp Gly Ile Val
130 135 140

Thr His Glu Gly Glu Lys Trp Ala Lys His Arg Lvs Ile Ile Asn Pro
145 150 155 160

Ala Phe Hig Leu Glu Lys Leu Lys Asp Met Ile Pro Ala Phe Phe His
165 170 175

Ser Cys Asn Glu Ile val Asn Glu Trp Glu Arg Leu Ile Ser Lys Glu
180 185 190

Gly BSer Cys Glu Leu Asp Val Met Pro Tyr Leu Gln Asn Leu Ala Ala
195 200 205

Asp Ala Ile Ser Arg Thr Ala Phe Gly Ser Ser Tyr Glu Glu Gly Lys
210 215 220

Met Ile Phe Gln Leu Leu Lys Glu Leu Thr Asp Leu Val Val Lys Val
225 230 235 240

Ala Phe Gly Val Tyr Ile Pro Gly Trp Arg Phe Leu Pro Thr Lys Ser
245 250 255

Asn Asn Lys Met Lys Glu Ile Asn Arg Lys Ile Lys Ser Leu Leu Leu
260 265 270

Gly Ile Ile asn Lys Arg Gln Lys Ala Met Glu Glu Gly Glu Ala Gly
275 280 285

Gln Ser Asp Leu Leu Gly Ile Leu Met Glu Ser Asn Ser Asn Glu Ile
290 295 300

Gln Gly Glu Gly Asn Asn Lys Glu Asp Gly Met Ser Ile Glu Asp Val
305 310 315 320

156



Ile

Arg

Gln

Pro

Asn

385

Ile

Ile

Gly

Ser

Pro

465

Ala

Tyr

Ala

SEQ ID NO:75

WO 2016/050890

Glu

Leu

Glu

Asp

370

Glu

Gln

Leu

Glu

Lys

450

Arg

Leu

val

His

Glu

Leu

Arg

355

Phe

Val

Lys

Ile

Asp

435

Ala

Ile

Ser

His

Ile
515

cys

Ile

340

Ala

Asp

Leu

Glu

Met

420

Ala

Ala

cys

Leu

Ala

500

Val

Lys

325

Trp

Arg

Gly

Arg

Thry

405

Pro

Asn

Lys

Met

Ile

485

Pro

Leu

Val

Thr

Thy

Leu

Leu

390

Arg

Ile

Glu

val

Gly

470

Leu

Thr

Arg

Phe

Metl

Glu

Ser

375

Tyr

Val

Ile

Phe

Gln

455

Gln

Gln

Val

Lys

Tyr

Ile

Val

360

Arg

Pro

Gly

Leu

Lys

440

Pro

Asn

Arg

Val

Leu
520

Ile

Leu

345

Leu

Leu

Pro

Lys

Ile

425

Pro

Ala

Phe

Phe

Phe
505

Gly Gly Gln

330

Leu

Lys

Lys

Ala

Leu

410

His

Glu

Phe

Ala

Ser

4390

Thy

Saccharomyces cerevisiae DNA seguence

atgtctgtta

60

agcacagagg

120

gtgcccaata

180

ttaatttcac

cegeagaatyg

gaaadagaac

aggtagttcet

tgototagat

aattgacccyg

Ser

val

Val

Ser

3985

Thr

Arg

Arg

Phe

Met

475

Phe

Thr

Ser

Phe

Val

380

Met

Leu

Asp

Phe

Fro

460

Ile

Glu

Gln

Glu

His

Gly

365

Thr

Leu

Pro

His

Ser

445

Phe

Glu

Leu

Pro

ggtccattgg

tccgatgety

gttattgcaa

157

Thr

Thxr

350

Asn

Met

Thr

Ala

Asp

430

Lys

Gly

Ala

Ser

Gln
510

PCT/EP2015/072645

Thr

335

Glu

Lys

Ile

Arg

Gly

415

Leu

Gly

Trp

Lys

Ser

495

Hig

Ala

Trp

Lys

Leu

Ile

400

Val

Trp

Val

Gly

Met

480

Ser

Gly

tgaaagtttg

acttgetggg

ggaaaatttc

cggcttgeag

tattatatgt

aagtettgta
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aaagcatata
240
cctaaggagy
300
ggagatgagt
360
gtatttccaa
420
atteccctogt
480
tctgactggg
5490
ctygacgccag
600
ageggaggtyg
660
aatgctaaga
675

SEQ ID NO:76

aaaatagttc
atgttttgge
cgtggeaaga
aagactgcaa
ttgattcaga
ttggaaggea
aaaatgttgg

tggagacaaa

aggcactccg  aaatacttgg
tctggteaat gattacggca
ataccaagag  ttcoctcggtt
catactactc agtgcagett
agcaggtggy  acaggtgaac
agagageooc gaaagcttac
tgatgcgett agattaaatg
tggtgtaaaa gactctaaca

Saccharomyces cerevisiae protein seguence

Met Ser Vval

1

Cys Gly Leu

Ala Leu

35

Asp

Pro val

50

Asp

Asn Ser Ser

65

Pro Lys Glu

Val Gln Leu

Pro
115

Gly Leu

Leu Ser

130

Leu

Ile Agn Phe

5

Gln
20

Sexr Thr

Leu Gly Tle

Ile Ala Arg

Gly Thr Pro

70

Val
85

Asp Leu

His
100

Gly Asp

val Ile Lys

Ala Ala Ser

Thr

Glu

Ile

Lys

55

Lys

aAla

Glu

Arg

Gln
135

Gly Ser Ser

10
Ala Glu
25

Ala

Cys Val Pro

40

Ile Ser Ser

Tyr Leu Val

Leu Val

a0

Ser Trp Gln

105

Leu Val Phe

120

Lys Pro His

168

Gly

Cys

Asn

Leu

Gly
75

Azn Asp

Glu

Pro

Ser

Pro

Ala

Arg

Val

60

Val

Tyr

Tyr

Lys

Phe
140

Leu

Leu

Lys

45

Lys

Phe

Gly

Gln

Asp

125

Ile

PCT/EP2015/072645

ttggegtgtt

ttgatategt

tgeccagttat

cacagasaacc

ttttggattg

attttatgtt

gegttattgg

aaatagcaaa

Val

Asp

30

Arg

Ala

Arg

Ile

Glu

110

Cys

Pro

Lys

15

Ser

Thr

Tyr

Asn

Asp

95

Phe

Asn

Leu

val

Asp

Ile

Lys

Gln

80

Ile

Leu

Ile

Phe

tcgtaatcaa
ccaactgeat
taaaagacte
tcattegttt
gaactcgatt
agctggtgga
tgttgatgta
tttegtecaaa

aatag
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Asp Ser

145

Ser Asp

Leu Ala

Agn Gly

Val Lys
210

SEQ ID NO:77

Glu

Trp

Gly

Val

195

Asp

Ala

Val

Gly

180

Ile

Ser

Gly Gly Thr Gly Glu
150

Gly Arg Gln Glu Ser

165

Glu Asn
185

Leu Thr Pro

Val Ser
200

Gly Val Asp

Asn Lys Ile Ala Asn

215

PCT/EP2015/072645

Saccharomyces cerevisiae DNA seguence

atggeagety
&0
caaaaggcett
120
agtttatcat
180
tococcgogata
240
ttaagtagtyg
300
ggtaagttac
360
gtacgtagga
420
ccatataaaa
480
tacatgeett
540
ataccaatgg
600
atcaatgctyg
660
gtagteccogtt
720
gagggacaaa
780
catattcaaa
840
gacgcaatgg
e00
gaagagtatg
960

accaattggt
ctacaccagt
ctgcgeaatc
ttgaaagett
gaaatacaaa
ctttgtacge
aggctcttte
attatgacta
tgceogttgg
caactacaga
gcggtggtge
tcccaacttt
acgcaattaa
cttgtctage
gtatgaatat

gctgggaaga

gaaaactgaa
tttaaccaat
gagctcatea
ggataagaaa
acaattgaag
tttggagaaa
aattttggca
cgaccgegta
tgttataggce
gggttgretg
aacaactgtt
gaaaagatct
aaaagetttt
aggagattta
gatttctaaa

tatggaggtt

159

Leu Leu Asp Trp Asn Ser Ile
155 160
Pro Glu Ser Leu His Phe Met
170 178
val Gly Asp Ala Leu Arg Leu
190
Gly Gly Val Glu Thr Asn Gly
205
Phe Val Lys Asn Ala Lys Lys
220
gtcaccaaga  agtcttttac
aaaacagtca tttectggatce
ggaccttcat catctagtga
atacgtcctt tagaagaatt
aacaaagagyg tcgetgeoectt
aaattaggtyg atactacgag
gaagctocty tattagecatc
tttggegett gttgtgaaaa
cocttggtta tcgatggtac
gtagcttetg ccatgogtgy
ttaactaagy atggtatgac
ggtgcctgta agatatggtt
aactoctacat caagatttge
ctectteatga gatttagaac
gagtgtegaat actcattaaa
gbecteoegttt ctggtaacta

tgctectgta
gaaagtcaaa
ggaagatgat
agaagcatta
ggttattcac
ageggttgeg
tgatcgttta
tgttataggt
atcttatcat
ctgtaaggca
aagaggccoca
agactcagaa
acgtctgeaa
aactactggt
gecaaatggta

ctgtaccgac
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agagtgtcgt
atgtttcoccge
ggtctgttgg
taggacaaga
tggacggtga
gtggtactgt
atgctaccge
tggcaggtga
tgacccacaa

taaategttt

Ser
15

Lys

Asn
30

Lys

Gln Ser

Phe

Thr

Ser

WO 2016/050890

aaaaaaccag ctgccatcaa ctggatcgaa ggtcgtggta

1020

actatteccectg gtgatgttgt cagaaaagtyg ttaaaaagtg

1080

ttgaacattg ctaagaattt ggttggatet gcaatggctyg

1140

gecacatgeag ctaatttagt gacagctgtt ttcttggeat

1200

aatgttgaaa gttccaactyg tataacattg atgaaagaaqg

1260

tcegtatecea tgccatcocat cgaagtaggt accateggtyg

1320

caaggtgeca tgttggactt attaggtgta agaggecccge

1380

aacgcacgtc aattagcaag aatagttgce tgtgoeogtet

1440

tgtgctgece tagcagcegy ccatttggtt caaagtcata

1500

gectgaaccaa caaaacctaa caatttggac gccactgata

1560

tcocgtocacct geattaaatce

1584

SEQ ID NO:78

Saccharomyces cerevisiae protein sequence

Met Ala Ala Asp Gln Leu Val Lys Thr Glu Val Thr Lys

1 5 10

Thr Ala Pro Val Gln Lys Ala Ser Thr Pro Val Leu Thr

20 25

Val Ile Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala
35 40 45

Ser Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser

50 S5 60

Glu Ser Leu Asp Lys Lys Ile Arg Pro Leu Glu Glu Leu

65 70 75

Leu Ser Ser Gly Asn Thr Lys Gln Leu Lys Asn Lys Glu

85 g0
Leu Val Ile His Gly Lys Leu Pro Leu Tyr Ala Leu Glu
100 105

Gly Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala

115 120 125

160

Arg

Glu

Val

Lys

110

Leu

Asp

Ala

Ala

85

Lys

Ser

Ile

Leu

80

Ala

Leu

Tle

cgcagaagcet
attggttgag
tggatttaac
tectgeacaa
tttgagaatt
toctagaacca
tcctggtace
attatcotta
caggaaacct

gaaagatggg

ctaa



WO 2016/050890 PCT/EP2015/072645

Leu Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn
130 135 140

Tyr Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val Ile Gly
145 150 1558 160

Tyr Met Pro Leu Pro Val Gly Val Ile Gly Pro Leu Val Ile Asp Gly
165 170 175

Thr Ser Tyr His Ile Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala
180 185 190

Ser Ala Met Arg Gly Cys Lys Ala Ile Asn Ala Gly Gly Gly Ala Thr
185 200 205

Thr Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arxrg Phe
210 215 220

Pro Thr Leu Lys Arg Ser Gly Ala Cys Lys Ile Trp Leu Asp Ser Glu
225 230 235 240

Glu Gly Gln Asn Ala Ile Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe
245 250 255

Ala Arg Leu Gln His Ile Gln Thr Cys Leu Ala Gly Asp Leu Leu Phe
260 265 270

Met Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met Ile
275 280 285

Ser Lys Gly Val Glu Tyr Ser Leu Lys Gln Met Val Glu Glu Tyr Gly
280 295 300

Trp Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp
305 310 315 320

Lys Lys Pro Ala Ala Ile Asn Trp Ile Glu Gly Arg Gly Lys Ser Val
325 330 335

val Ala Glu Ala Thr Ile Pro Gly Asp Val Val Arg Lys Val Leu Lys
340 345 350

Ser Asp Val Ser Ala Leu Val Glu Leu Asn Ile Ala Lys Asn Leu Val
355 360 365

Gly Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala His Ala Ala
370 375 380

Asn Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gln Asp Pro Ala Gln
388 3sQ 395 400

161
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Asn Val Glu

Asp Leu Arg

Gly Gly Gly

435

Val
450

Gly Arg

Leu Ala

465

Arg

Cys Ala Ala

Asn Arg Lys

Ile Asn

518

Asp

SEQ ID NO:79

Ser

Ile

420

Thx

Gly

Ile

Leu

Pro

Ser

405

Ser

Val

Pro

Val

Ala

485

Ala

Asn

Val

Leu

His

Ala

470

Ala

Glu

Cys

Ser

Glu

Ala

455

Cys

Gly

Pro

Ile

Met

Pro

440

Thr

Ala

His

Thr

Thr

Pro

425

Gln

Ala

Val

Leu

Lys

Leu Met

410

Ser Ile
Gly Ala
Pro

Gly

Ala
475

Leu

val Gln

490

Pro Asn

Lys

Glu

Met

Thr

460

Gly

Ser

Asn

Glu

val

Leu

445

Asn

Glu

His

Leu

Val

Gly

430

Asp

Ala

Leu

Met

Asp

PCT/EP2015/072645

Asp
415

Thr

Leu

Arg

Ser

Thr

495

Ala

Gly

Ile

Leu

Gln

Leu

480

His

Thr

500

Arg Leu Lys

Asp

505

Gly Ser

520

Siraitia grosvenoril DNA seguence

atggacgaga
60
gtagggacgg
120
cgccaccago
180

ggctatggcg
240

ggcgatttgg
300

gactgggggy
360
ctggtgaatc
420
ttcagaacty
480
gaagaagatt
540
agttctgeac
600
aaccttectt
660

ttgagcatat
gcecagtagt
ttctgtatet
acacggactc
ttggggetet
cgatcatoge
tgagcgteca
cgtteggtyga
ttgectocat
ctececatgett

cttggetgac

caccatcaac
tecttetteote
ttctteoecgta
geoggegtet
ggacgagett
ctggtacttt
gttcatacce
tgacttctat
cgacacaget
gectaaagaa

agaagaagat

Thr Ile

525

Val Cys

accaatggca
catggcttec
ggatatcgag
cotacctect
gggatcgaga
tgettgttea
agaaacccag
atttgecaggt
cagctgttca
attggatttc

atcaactttt

162

510

Lys Ser

tcaaaatgea
cggagetctyg
ctattgegee
acaccgcget
aggtgttcct
ggccogatag
cgattcettt
ttcaggttoe
agacatcatt
gtgcgatcee

atgctgocaa

cattgcctet
gtactcatgg
ggacctooge
ccacatogte
ggteggacat
aatcaagygcyg
catcgagggt
aggagaggea
atgtaataga
acctcocagag

atttaageag
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acaggcttca ccggagegtt
720
gegecatgga cgggageaca
780
ctaacttacc attttceggg
840
gtgecegttge tggaggaagt
900
aggccacaag aaatcaatge
951

SEQ ID NO:80

Siraitia grosvenorii DNA sequence

atgtggaggt
60
agcataagca
120
caacagctct
180
aagcaatcett
240
aagacagcgg
300
agcttagaga
360
teggatettg
420
ggcgtettga
480
aatcaccaga
540
ggttccgeac
600
atgccaaaaqg
660
ggcaaattgt
720
cocgaatttt
780
tgtcgaatgg
840
acacccatag
900
tggaataaat
960
caagatattc
1020
gocaaacgeoe
1080

taaaggtcgg
atcacttggg
tgcaagtcea
cegatetett
gagtgaaatt
gggcattaaqg
gggggcccat
attetgtttt
atgaagatgg
tgaattatgt
cacgtgettyg
ggcetttcoctgt
ggttatttce
tttatctacc
ttctgtetet
ctcgcaatac

tgtggggatc

tgagagaaaa

PCT/EP2015/072645

gaactactat cgagcttttg acctaacttyg ggagctcacg
gattcaggta  ccggtgaagt tcatcgtegy  ggattcoggat
agccaaggaa tatatccata atggcggatt caaaagggac
agttgtagta aaagatgett gtcactteat caaccaagaa

teacatccat gacttcatca ataaattctg a
agcagaaagc gttggggaga atgatgagaa atggttgaag
acgccaggtg tgggagttct gtecoggatge cggeaccocaa
caaagctcgt aaagctttece acgatgaccg tttocaccga
tatcactatt cagtatggaa aggaagtaga aaatggtgga
gaaagaagygg  gaagaggtga  ggaaagagge — agtagagagt
tttctactea agcatccaga caagcedgatgg gaactggget
gtttttactt cecgggtetgg tgattgeccct ctacgttaca
atccaageac caccggeaag agatgtgcag atatgtttac
ggggtggggat cteccacatog agggeccaay caccatgttt
tgecactecagg ctgcttggag  aagacgccaa  cgocggggoa
gatcttggac cacggtggeg ccaccggaat cactteoctgyg
acttggagte tacgaatgga gtggcaataa Ltcctetteea
ttacttccta ccatttecate caggaagaat gtggtgccat
aatgtecatac ttatatggaa agagatttgt tgggccaatc
cagaaaagaa  ctctacgeag  ttoccatatca  tgaaatagac
atgtgcaaayg gaggatctgt  actatccaca — toccaagatg
tctecaccac gtgtatgagc cettgtttac tegttggect
gyctttgcag actgcaatge aacatattca ctatgaagat

163
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gagaataccc
1140
tgggttgaag
1200
ctebgggttg
1260
actgctttct
1320
ttaagaaagg
1380
cctaatgttt
1440
ggatggetea
1500
cttecatceeg
1560
gttctecttt
1620
taccctbtggt
1680
cegtatgtgy
1740
cceoggoecata
1800
aatatgcaaa
1860
gggtggtttg
1820
attocgecaagg
1980
agttaccttt
2040
gttaacacgyg
2100
acaccattge
2160
ccocaacagyg
2220
cgaaacattt
2280

SEQ ID NO:81

gatatatatg
atccctacte
ctgaagatgg
ccatccaagce
cacacgactt
ggtaccgtca
tctctgactg
aaacagttgg
ctttgcaaaa
tggagttgat
agtgcacctc
ggaccaaaga
ggacggatgg
geataaagyg
ctrtgogattt
catgtcagaa
cotgggtttt
atcgtgeage
agatcatggg

ttcccatttg

ccttggecoct
cgacgectto
catgaaaatg
aatcgtatce
cgttaaaagt
cattcataaa
tacagcagag
ggaatcatta
cgataatggt
caaccccgca
agccacaatyg
aattgatact
ctcttggtat
attggtggct
tttactatct
taaggtatac
aatggcccte
aaggttgtta
agtctttaat

ggctcottagga

gtcaacaagg
aaacttcatc
cagggttata
accaaacttg
tetcagatto
ggtgcatgge
ggattaaagg
gaacggaatc
ggctttgeat
gaaacgttty
gaagcactga
getattgtea
ggatgttggg
gcaggaagga
aaagagctgce
acaaatcttyg
atagaagctyg
atcaattcec
aaaaattgca

gagtattgcc

PCT/EP2015/072645
tactcaatet getttgttgt
ttcaacgagt ccatgactat
atgggagcecca  gttgtgggac
tagacaacta tggcccaacc
agcaggactg  tectggggat
catttteaac tcgagateat
ctgetttgat gttatccaaa
gecetttgega tgctgtaaac
catatgagtt gacaagatca
gagatattgt cattgattat
cgttgtttaa gaaattacat
gggecggccaa cttecttgaa
gggtttgcectt cacgtatgeg
catataataa ttgoecttgee
cocggeggtgg atggggagag
aaggaaacag  accgcacctg
gccaggctga gagagaccca
agttggagaa tggtgattte
tgatcacata tgectgeatac
atcgggtttt gactgaataa

Artificial Sequence; Codon-optimized nucleotide sequence encoding CYP5491

atgtggactyg
60
aacaagtgga
120

ttgttttggg

gagactctaa

tttggctact

gtttaatggt

ttgtttgttg

gttttgceceac

164

cctactacat

caggtactat

tcactggate

gggtttgoca
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ttgattggtyg
180
atccaaaaaa
240
gttgttgttt
300
gttgaaatgt
360
aaggctttgg
420
gaagccttga
480
tettggtcta
540
acctetgtta
600
aagttcacca
660
taccataagt
720
gatagattgg
780
aaagaatcceyg
840
ttegectect
300
catccagaag
960
gatccagatyg
1020
atcaacgaaa
1080
gacttacaag
1140
tcaagacata
1200
aaggatttgg
1260
cattgtgctyg
1320
actaagtaca
1380
ttcgaagatg
1422

SEQ ID NO:82

aaaccatcca  attgtcaaga
aggtcgaaag atacggtecca
ctgectgatgce tgaatttaac
ggtacttgga tactttgtct
gtttaatceca taagtacatc
gagaaagatt cttgcctttt
ctcaaccatc tgttgaagtt
acaagatgtt tggtgaagat
agttgttggg taggttttttyg
gecttgaaaga tatgaaggaa
ctaatgttgg  tccagatgtce
aaaagttcat ctoccgaagaa
tcgaatetat ttctactact
tecgtcaaaga attggaagct
gtccaattac ttgggaagaa
ctttgagatt gggttctgtt
tcaagggtta cattattect
gagatccaaa ggtttacaaa
actceattac tattcaaaag
gtgcagaata  ctctaaggtt
gatggacaaa attgggtggt
gtttacatgt

ccatccgatt
atcttcaaga
aactacatca
aagttetteg
agatccatca
attgaagccet
aagaatgctt
gecaagaagt
tctttgecectt
atccaaaaga
gaagattttt
tttatcatte
ttgaccttga
gaacatgaag
tacaagtcta
actccagett
gaaggttygga
gacccacata
aacttcatgc
tacttgtgta

ggtagaattyg

caagttcacc
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ctttggatgt
cttgtttgge
tgttgcaaga
gtttggatac
cottgaatca
cttetatgga
cecgetttgat
tgtctggtaa
tgaatttece
agttgagaga
tgggtcaage
aattgttgtt
tettgaagtt
ctattagaaa
tgaccttcac
tgttgagaaa
ccattatgtt
ttttecaatoc
cattecggtygg
ctttettgea

ctagagccca

ccaaaagaat

tcatccattce
tggtagacca
aggtagaget
cgaatggttg
ttttggtget
agccttgeat
ggttttcaga
tattccaggt
aggtacaacc
agtcgttgat
cttgaaggac
ctectatetoc
gttagacgaa
ggctagagcet
cttgecaagtt
aactgtcaag
ggttactget
ttggagatgg
tggtttgaga
catcttgtge
tattttgtea

ga

Artificial Sequence; Codon-optimized nucleotide sequence encoding CYP4497
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atgaaggtca gtcecattega
60
aactcctecat ttgaatctac
120
gttgcecatct tgaccactte
180
agaagagctqg gttctagaaa
240
gaaccagaac ctgaagttga
300
actggtactg ctgaaggttt
360
aaggctacct tcagagttgt
420
gaaaaattga agaacgaatc
480
cctactgata atgctgetag
540
tggttgcaaa acttgcacta
600
aacaagattg ctaaggttge
660
aagattggtt taggtgatga
720
tctttgtgge cagaattgga
780
actccatata ctgectgetgt
840
gectgctgaag ataagtcttg
900
ccattecagat ctaacgttgt
960
tgttcteatt tggaattcaa
1020
gttggtgtet actgtgaaaa
1080
ttgtctecayg aaacttactt
1140
ggttettecat tgccaccace
1200
getgatttgt tgaactctece
1260
aatccagttg aagctgatag
1320
gececaatctg ttatcggtte
1380
gctaaaccac cattaggtgt
1440
tactccattt catcctotee
1500

attcatgtce
tggtgaagtt
tattgetgtt
ggttaagaat
agatggtaag
tgctaagget
tgatttggat
ctteogeoegtt
attttacaag
tgetbgttttt
cgacgaatta
cgatcaatge
tatgttgttg
cttggaatac
gattaacgct
cgtcagaaaa
catttcoccggt
cttgactgaa
ctotatetac
atttccatca
aaaaaagtct
attgagatac
Ccaaaagtct
tttttttget

aagaatggct

gctattatca
gecteogtta
atgattyggtt
gtecgaattge
aagaaggttt
ttggctgatg
gattatgctg
ttettgttgg
tggttegeeg
ggtttgggta
ttggaagctc
atcgaagatyg
agagatgaag
agagttgtct
aatggtcatg
gaattgcata
tcegetttga
actgttgatg
accgataacg
tgtactttga
gcectttgttgg
ttggettete
ttgttggaag
gctgttgete

ccatctagaa
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agggtagaat
tctttgaaaa
gecttagttgt
caaagccatt
ccatecttcett
aagctaaagc
cogatgatga
ctacttatgg
aaggtaaaga
acagacaata
aaggtggtaa
attttteotge
atgatgctac
ttcatgattce
ctgttecatga
cttetgoote
attacgaaac
aagccttgaa
aagatggtac
gaactgettt
ctttagetge
cagecbggtaa
ttatggctga
caagattgea

tceatgttac

ggacccatct
cagagaattyg
cttgatgtgg
gattgtccat
cggtactcaa
tagatacgaa
ccaatacgaa
tgatggtgaa
aagaggtgaa
cgaacacttce
tagattggtt
ttggagagaa
tactgttact
tgctgatgtt
tgcteaacat
tgatagatcce
tggtgatcat
cttgttgggt
toccattgggt
gaccagatac
tcatgettet
agatgaatat
attccoccatcot
acctagattc

ttgtgetttyg
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gtttacgata agatgccaac
1560
aattctgttc caatggaaaa
1620
tccaatttta agttgcecage
1680
ggtttggcte cttttagagg
1740
gaattgggtc catccatttt
1800
gaagatgaat tgaacaactt
1860
tctagagaag gbtcctaccaa
1920
atctggaact tgatttctga
1980
gctaaggatyg ttcatagaac
2040
tccaaagetg aatccatggt
2100
tggtaa
2106

SEQ ID NO:83

tggtagaatt
gtococatgaa
cgaatccaag
ttttttacaa
gtttttoggt
cgttgaaacc
agaatacgtc
aggtgcttac
cttgcatacce

caagaacttyg

cataagggtyg
tgttcttggg
gttccaatta
gaaagattgg
tgcagaaaca
ggtgetttgt
caacataaga
ttgtacgttt
atcatgcaag

caaatgaatg
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tttgttctac
ctceaatttt
tcatggttgg
ccttgaaaga
gaagaatgga
ccecgaattggt
tggctgaaaa
gtggtgatgc
aacaaggttc

gtagatactt

ctggatgaag
cgttagacaa
tccaggtact
atccggtgtt
ttacatctac
tattgetttt
ggcttetgat
taaaggtatg
tttggattcet

aagagatgtt

Artificial Sequence; Codon-optimized nucleotide sequence encoding UGT1576

atggegtcac
60
atgataccta
120
attactacte
180
ggtttacata
240
ggttgtgaga
300
goctctgate
360
acttgtatca
420
gtgcccagac
480
aagaacaatt
540
ttaccecgate
600
gttaaatttt
660
ttgtttgaag
720

ctagacatac
tgattgatct
cacataatge
tccacgtttt
acgtagactt
tactatatga
tttetgatat
ttgttttcta
tagcattaat
cagttgaatt
catatgaaat

aaatggagcoco

tcetcattte
ggctaggeta
agctogttat
acaactacaa
acttccatec
acctagcogaa
gtgtttacca
ctctttgtet
ttctageaag
tttgaagtct
gggtgaggea

caaatatttg

ttgttatttce
ctagcacaaa
catagtgttt
ttcocttgea
ttagcgagea
aaactttteg
tggactatga
tgetttttte
tcagattcecg
gagcttocta
gacagacaat

geagagtatg
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catttatgge
gaggtgttat
tagctegtge
aagaaggcgy
ttccaagatt
aagagttgat
gaattgecctt
tgctgtgeat
agttcgtaac
agtccacaga
catatggcgt

aaaaagaaag

tcaaggacat
tatcactatt
cattgacteot
actaccggaa
ttacagagct
accgagacca
aaagtatcat
gagaagctta
tttctectgat
cgaagacttyg
tatactaaac

agaaagtccce
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gaaagagttt ggtgtgttgg
780
gagaggggta acaaagcatc
840
caacctagea gtgttgttta
a00
attattgaat tggggttggg
960
aggggcaaca taacagaaga
1020
attaagggac gtggattagt
1080
ccagcectattg gttgcttett
1140
gocggtgtte ctatggttac
1200
atagttcaaa tettgagaat
1260
gaggaagaag aaaaaggtgt
1320
gtaatggatg gegacgaaaq
1380
gecaaacgtg ctatcgagga
1440
gatattatcc acggtggtgg
1491

SEQ ID NO:84
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tccagtatct ttgtgcaacyg ataacaaatt agataaagca
aattgacgaa tataagtgta ttagatggtt agatgggcaa
tgttagtett ggatcattat gecaacttggt tactgctcaa
gttggaagect tctaaaaage cattcatttg ggttattagg
actacaaaaa tggetggttg aatatgactt tgaggagaag
catattaggg tgggcgcoco aagtacttat tctatctcat
aactcattge ggttggaatt cctotatega aggtatttec
ctggecteta tttgcagate aggttttcaa cgaaaaatta
cggagttage gttggtacag aaacaaccat  gaactggggt
ggtggtcaaa agggagaaayg tgagagaggc gatagagatc
agaagaaaga agagaaaggt  gtaaagaact  agcagaaact
aggtggtagce agtcatagaa atttgaccat gctaattgaa

cttatcttac gagaaagggt cotgcaggta g

Artificial Sequernce; Codon-optimized nucleotide sequence encoding UGT430

atggaacaag
60
attaagccect
120
ttgaataccy
18¢
cctagtttge
240
ttggacccaa
300
ttattatcect
360
ataacagatg
420
ttttetttet
480
atcgaggatyg
540

cccacgattt
ttttgtgtet
attataatca
attttgaaag
agttttacat
ataaaaggac
ttatatttceg
gtacttttag

ggcaattgee

goctgeatgtt
tgeggaactt
cagaagatta
tatcagtgat
ctetatttge
atccteagta
ttttecaatce
cgegegtttt

ttacccaaac

ttacttttte
ttatgcaacy
cacaatctge
ggtttgcage
caagttacca
caaaccggoa
gatgtagccyg
atgtttettt

ggtaacataa
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catatccage
caggtcttaa
acctattage
cagatcaacc
agceattatt
ggccgecaat
aggaattaga
acttctggat

atcagaaact

taaagggceat
tgttacgttt
ggettgtttt
tagagatatc
cagagaattyg
aacttgtgtt
tatceoeoctgtt
cccaaagett

gtatggtgtt
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geacctgaag cagaaggatt
600
gatgagttaa aagacgatca
660
tctggtttga tcttaaacac
720
acaatattta agaagatcta
780
tgcggtttat ggaaagaaga
840
tetgtegtgt tocgtecagttt
900
trctggeatg gattgttgaa
960
gtagaaggtg atggggaaaa
1020
aaatggttag ttgttggttg
1080
ggtttcttaa  ctecattecgg
1140
atgataagtt gecocaaaaat
1200
tggaagattyg gtttagaaat
1260
agatcaatta tgaaacacga
1320
agagcaaaat ataaagtttc
1380
gaagatatca
1410

SEQ ID NO:85

attaaggtgt aaggatttac
gttgaacttt grtgatcaaa
tttcgacgat ttggaagctce
cgetgttggg ccaatacatg
ccacagotgt ttggcctggt
cggttctttyg gttaagatca
tagegggaca agctttttgt
graagttgtc aaagaaatct
ggcteocacaa  gaaaaagtat
ttggaactca atcttagagt
aggagaccaa tcttectaatt
ggaagaccag tatgacagag
aggtgagaaqg atacaaaaga
caaggacggco acttcatata
agaagatcaa
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cgggacactg
ctaccgecay
cattcotggy
cgttgetaaa
tagatagtag
cttctaggea
ttgtcttgag
acgaaacgaa
tggcacatga
ctatagccge
gtacctggat
caactgtgga
ctattgcecgga

gaaatctgga

ggctttoget
tttgagatca
acgtttgtceca
cagtcaccat
agcggceacgt
attgatggaa
aagtgatgtt
agcagagggt
agcegttgga
aggtgtacct
tagtaaagtt
agctatggtyg
acttgcaaaa
aattttgatce

gccgaattag

Artificial Sequence; Codon-optimized nucleotide sequence encoding UGT1697

atggttcaac
60
ctgtcactgyg
120
tacaatcata
180
tttgaaacaa
240
ttgtacttta
300
aacgatggca
360
gaagtagcetyg
420

ctagggtett
cagaattact
ggaggattag
taccagatygg
gratgocgtga
gatggcctat

aggagtttgg

attgttteeco
ttccgatget
taacacggayg
tcttecacct
ggggacaaaa
cacgtgtate

aattccagta

ttcocotgett
gggatagacyg
goctetggeet
aacgagagca
cccagattea
attaccgata

attgeoctttt

169

tgggacatgt
ttgtatttet
caagatttee
gggcttigge
gacagctgat
tcatgttgag

gtcootgetco

caaacccttt
tagtacagaa
aaccttgeat
agacggceoct
acagagcctg
tagccecate

cgctagatac
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ttgtetatte attttttcat acccaagttg gttgaagagg
480
gatgatccaa tcggtgaaat tecaaggtgtyg ccacttttey
540
catttgocag gcagctggayg tgataagtet gcagacatct
600
aaccaaacat tagecageccocgy tagagecttcet gcattaatct
660
gaagctcocat ttctgactca tctttectagt atttttaata
720
ttgcatgect tatctaagtc aaggttagga gactcctceat
780
ggattctgga aggaagatag ggcttgtatg tettggttgy
840
gttgtttteg tctettttgg cagtactatg aaaatgaagq
900
tggtatggat tagtatctte aggaaaacca tttttatgeg
960
tcaggcggayg aagetgogga gttaattgaa caaatggcag
1020
aagttgggca tggttgttga atgggecaget cagygagaagg
1080
ggtggatttt tgacgecattyg cgggtggaat ageactgtgg
1140
ccgatgatgt gttggccaat cttgggagat caaccabtcca
1200
gtttggaaaa tcggtgtaga aagaaataat agagaatggg
1260
atggttagag ccttgatgga aggacagaaasa agagttgaaa
1320
ctatcaaagt tggccaatga aaaagtagtt agggggggtc
1380
gttcttgteg aagatattaa aaagttaaag
1425

SEQ ID NO:86
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gtecagatcce
aagggettot
cattttccca
tgaatacgtt
agatttatac
ctagtgctag
attgtcaacc
cggacgaact
ttttaagatc
aagaggaagg
tacttagcceca
aaagtatagc
acgcgacctg
atagattaac
ttcagcecgtto
tttecatttga

ccgtacaagt

ttatgcagat
gaggagaaat
tggtttgatc
tgatgagttg
aattggtccet
tgcacttagt
tcctagatet
aagagaattt
cgatgtagtc
tgcegggggat
tccageggtt
agcaggggte
gatcgataga
tgttgaaaaa
aatggaaaaqg
taatcttgaa

tttaa

Artificial Sequence; Codon-optimized nucleotide sequence encoding CYP1798

atggaaatgt
60
gttggtgttyg
120
agattgagag
180
gaaagagcetg
240
ggtccaagag
300

ccteottoetgt
gttggagagt
aacaaggttt
ctatggaaga

tttteccate

tgectgcecacce
tgttaattgg
ggctggtaac
acaagctaac

tatgtacaag

atttctattt
gtttggttaa
tottacagat
tctaagecaa

accattcaaa

170

ggatggttgt
gaccaaagaa
tgttgttegy
tecaacttete

actacggtaa

tgtatgtate
gttggaaaaqg
tgacttgaaa
ccatgatatt

gaactcoctat
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atgtggttgyg gtcecataccce
360
tttaccttgy tLttacgacat
420
gatggtattg tcacccatga
480
geettecact tggaaaagtt
540
atagttaatyg aatgggaaag
600
ccatacttge aaaatttgge
660
gaagaaggta agatgatett
720
getticggtg tttacattce
780
aaggaaatca acagaaagat
840
gecatggaag aaggtgaagc
900
tocaacgada ttcaaggtga
960
atcgaagaat gcaaggtttt
1020
tggaccatga tcttgttgag
1080
ttgaaggttt tcggtaacaa
1140
accatgattt tgaacgaagt
1200
attcaaaaag aaaccagagt
1260
ccaatcatet tgatccacag
1320
ccagaaagat tctocaaggy
1380
tttggttggg gtccaagaat
1440
gecttgteott tgatcttgea
1500
ccaactgttg ttttcaccac
1560
taa
1563
SEQ ID NO: 87

aagagttcat
ccaaaageca
aggtgaaaaa
gaaagatatg
attgatctee
tgctgatget
ccaattattg
aggttggaga
caagtctttyg
tggtcaatct
aggtaacaac
ctacatcggt
ttcccatact
aaagccagat
tttgagatta
cggtaagttyg
agatcatgat
tgtttctaaa
atgtatgggt
aagattttec

tcaaccacaa

attatggatc
aacttgaacc
tgggctaaac
attccagect
aaagaaggtt
atttctagaa
aaagaattga
tttttgeocaa
ttgttaggta
gatttgttgg
aaagaagatg
ggtcaagaaa
gaatggcaag
ttecgacggtt
tacccaccag
actttgececag
ttgtggggtyg
gotgetaaag
caaaattteyg
ttcgaattgt

catggtgete

Saccharomyces cerevisiae protein sequence

Met Gly Lys Leu Leu Gln Leu Ala Leu His Pro Val Glu Met Lys Ala

171
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cacaacaatt
cattgatcaa
atagaaagat
tettecactc
cttgcogaatt
ctgettttagg
ccgacttggt
ctaagtcecaa
tecatcaacaa
gtattttgat
gtatgtccat
ctaccgocag
aaagagcaaqg
tgtetagatt
cttetatgtt
ctggtgttat
aagatgctaa
ttcaaccagce
ctatgatcga
ccteocteoata

atatcgtttt

gaaaaccgte
gttettgttg
tatcaaccca
ttgeaacgaa
ggatgttatg
ttectettac
tgttaaggtt
caacaagatyg
gagacaaaag
ggaatccaac
cgaagatgtt
attattgatt
aactgaagtc
gaaggttgto
gaccagaatc
tttgatcatyg
tgaattcaag
tttetttboca
agctaagatyg
tgttecatget

gagaaagttg
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Ala Leu Lys Leu Lys Phe Cys Arg Thr Pro Leu Phe Ser Ile Tyr Asp
20 25 30

Gln Ser Thr Ser Pro Tyr Leu Leu His Cys Phe Glu Leu Leu Asn Leu
35 40 45

Thr Ser Arg Ser Phe Ala Ala Val Ile Arg Glu Leu His Pro Glu Leu
50 55 60

Arg Asn Cys Val Thr Leu Phe Tyr Leu Ile Leu Arg Ala Leu Asp Thr
65 70 75 80

Ile Glu Asp Asp Met Ser Ile Glu His Asp Leu Lys Ile Asp Leu Leu
85 90 95

Brg His Phe His Glu Lys Leu Leu Leu Thr Lys Trp Ser Phe Asp Gly
100 105 110

Asn Ala Pro Asp Val Lys Asp Arg Ala Val Leu Thr Asp Phe Glu Ser
115 120 125

Ile Leu Ile Glu Phe His Lys Leu Lys Pro Glu Tyr Gln Glu Val Ile
130 135 140

Lys Glu Ile Thr Glu Lys Met Gly Asn Gly Met Ala Asp Tyr Ile Leu
145 150 155 160

Asp Glu Asn Tyr Asn Leu Asn Gly Leu Gln Thr val His Asp Tyr Asp
165 170 175

Val Tyr Cys His Tyr Val ala Gly Leu Val Gly Asp Gly Leu Thr Arg
180 185 180

Leu Ile Val Ile Ala Lys Phe Ala Asn Glu Ser Leu Tyr Ser Asn Glu
185 200 205

Gln Leu Tyr Glu Ser Met Gly Leu Phe Leu Gln Lys Thr Asn Ile Ile
210 215 220

Arg Asp Tyr Asn Glu Asp Leu Val Asp Gly Arg Ser Phe Trp Pro Lys
225 230 235 240

Glu Ile Trp Ser Gln Tyr Ala Pro Gln Leu Lys Asp Phe Met Lys Pro
245 250 255

Glu Asn Glu Gln Leu Gly Leu Asp Cys Ile Asn His Leu Val Leu Asn
260 265 270

Ala Leu Ser His Val Ile Asp Val Leu Thr Tyr Leu Ala Gly Ile His

172
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275 280 285

Glu Gln Ser Thr Phe Gln Phe Cys Ala Ile Pro Gln Val Met Ala Ile
280 295 300

Ala Thr Leu Ala Leu Val Phe Asn Asn Arg Glu Val Leu His Gly Asn
305 310 315 320

val Lys Ile Arg Lys Gly Thr Thr Cys Tyr Leu Ile Leu Lys Ser Arg
325 330 335

Thr Leu Arg Gly Cys Val Glu Ile Phe Asp Tyr Tyr Leu Arg Asp Ile
340 345 350

Lys Ser Lys Leu Ala Val Gln Asp Pro Asn Phe Leu Lys Leu Asn Ile
355 360 365

Gln Ile Ser Lys Ile Glu Gln Phe Met Glu Glu Met Tyr Gin Asp Lys
370 375 380

Leu Pro Pro Asn Val Lys Pro Asn Glu Thy Pro Ile Phe Leu Lys Val
385 390 395 400

Lys Glu Arg Ser Arg Tyr Asp Asp Glu Leu Val Pro Thr Gln Gln Glu
405 410 418

Glu Glu Tyr Lys Phe Asn Met Val Leu Ser Ile Ile Leu Ser Val Leu
420 425 430

Leu Gly Phe Tyr Tyr Ile Tyr Thr Leu His Arg Ala
435 440

SEQ ID NO:88
Gynostemma pentaphyllum Squalene epoxidase protein sequence

Met Val Asp Gln Phe Ser Leu Ala Phe Ile Phe Ala Ser Val Leu Gly
1 5 10 15

Ala Val Ala Phe Tyr Tyr Leu Phe Leu Arg Asn Arg Ile Phe Arg Val
20 25 30

Ser Arg Glu Pro Arg Arg Glu Ser Leu Lys Asn Ile Ala Thr Thr Asn
35 40 45

Gly Glu Cys Lys Ser Ser Tyr Ser Asp Gly Asp Ile Ile Ile Val Gly
50 55 60

Ala Gly Val Ala Gly Ser Ala Leu Ala Tyr Thr Leu Gly Lys Asp Gly
65 70 75 80
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Arg Arg Val His Val Ile Glu Arg Asp Leu Thr Glu Pro Asp Arg Thr
85 80 85

val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Thr Glu Leu
100 105 110

Gly Leu Glu aAsp Cys Val Asn Glu Ile Asp Ala Gln Arg Val Tyr Gly
115 120 125

Tyr Ala Leu Phe Lys Asp Gly Lys Asp Thr Lys Leu Ser Tyr Pro Leu
130 135 140

Glu Lys Phe His Ser Asp Val Ser Gly Arg Ser Phe His Asn Gly Arg
145 150 155 160

Phe Ile Gln Arg Met Arg Glu Lys Ala Ala Thr Leu Pro Asn Val Arg
165 170 175

Leu Glu Gln Gly Thr Val Thr Ser Leu Leu Glu Glu Asn Gly Ile Ile
180 185 190

Lys Gly Val Gln Tyr Lys Ser Lys Thr Gly Gln Glu Met Thr Ala Tyr
195 200 205

ala Pro Leu Thr Ile Val Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg
210 215 220

Ser Leu Cys Asn Pro Lys Val Asp Val Pro Ser Cys Phe Val Ala Leu
225 230 235 240

val Leu Glu dsn Cys Glu Leu Pro His Ala Asn Tyr Gly His Val Ile
245 250 255

Leu Ala Asp Pro Ser Pro Ile Leu Phe Tyr Pro Ile Ser Ser Thr Glu
260 265 270

Val Arg Cys Leu Val Asp Val Pro Gly Gln Lys Val Pro Ser Ile Ser
275 280 285

Asn Gly Glu Met Ala Asn Tyr Leu Lys Ser Val Val Ala Pro Gln Ile
290 295 300

Pro Pro Gln Ile Tyr Asp Ala Leu Arg Ser Cys Tyr Asp Lys Gly Asn
305 310 315 320

Ile Arg Thr Met Pro Asn Arg Ser Met Pro Ala Asp Pro Tyr Pro Thr
325 330 335

Pro Gly Ala Leu Leu Met Gly Asp Ala Phe Asn Met Arg His Pro Leu
340 345 350
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Thr Gly Gly Gly Met Thr Val Ala Leu Ser Asp Ile Val Val Leu Arg
355 360 365

Asp Leu Leu Lys Pro Leu Arg Asp Leu His Asp Ala Pro Ile Leu Ser
370 375 380

Asn Tyr Leu Glu Ala Phe Tyr Thr Leu Arg Lys Pro Val Ala Ser Thr
385 390 395 400

Ile Asn Thr Leu Ala Gly Ala Leu Tyr Lys Val Phe Cys Ala Ser Pro
405 410 415

Asp Gln Ala Arg Arg Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu Ser
420 425 430

Leu Gly Gly Val Phe Ser Asn Gly Pro Val Ser Leu Leu Ser Gly Leu
435 440 445

Agn Pro Arg Pro Leu Ser Leu Val Leu His Phe Phe Ala Val Ala Ile
450 455 460

Tyr Gly Val Gly Arg Leu Leu Ile Pro Phe Pro Ser Pro Arg Arg Val
465 470 475 480

Trp Ile Gly Ala Arg Leu Ile Ser Gly Ala Ser Gly Ile Ile Phe Pro
485 4390 4595

Ile Ile Lys Ala Glu Gly Val Arg Gln Ile Phe Phe Pro Ala Thr Leu
500 505 510

Pro Ala Tyr Tyr Arg Ala Pro Pro Leu Val Arg Gly Arg
518 520 525

SEQ ID NO:89
Arabidopsis thaliana Squalene epoxidase 1 protein sequence

Met Glu Ser Gln Leu Trp Asn Trp Ile Leu Pro Leu Leu Ile Ser Sex
1 5 10 15

Leu Leu Ile Ser Phe Val Ala Phe Tyr Gly Phe Phe Val Lys Pro Lys
20 25 30

Arg Asn Gly Leu Arg His Asp Arg Lys Thr Val Ser Thr Val Thr Ser
35 40 45

Asp Val Gly Ser Val Asn Ile Thr Gly Asp Thr Val Ala Asp Val Ile
50 55 60
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val Val Gly Ala Gly val Ala Gly Ser Ala Leu Ala Tyr Thr Leu Gly
65 70 75 80

Lys Rsp Lys Arg Arg Val His Val Ile Glu Arg Asp Leu Ser Glu Pro
B5 90 95

Asp Arg Ile Val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu
100 105 110

Leu Glu Leu Gly Ile Glu Asp Cys Val Glu Glu Ile Asgp Ala Gln Arg
115 120 125

val Tyr Gly Tyr Ala Leu Phe Lys Asn Gly Lys Arg Ile Arg Leu Ala
130 135 140

Tyr Pro Leu Glu Lys Phe His Glu Asp Val Ser Gly Axg Ser FPhe His
145 150 155 160

Asn Gly Avrg Phe Ile Gln Arg Met Arg Glu Lys Ala Ala Ser Leu Pro
165 170 175

Asn Val Gln Leu Glu Gln Gly Thr Val Leu Ser Leu Leu Glu Glu Asn
180 185 180

Gly Thr Ile Lys Gly Val Arg Tyr Lys Asn Lys Ala Gly Glu Glu Gln
195 200 205

Thr Ala Phe Ala Ala Leu Thr Ile Val Cys Asp Gly Cys Phe Ser Asn
210 215 220

Leu Arg Arg Ser Leu Cys Asn Pro Gln vVal Glu Val Pro Ser Cys Phe
225 230 235 240

val Gly Leu Val Leu Glu Asn Cys Asn Leu Pro Tyr Ala Asn His Gly
245 250 255

His Val Val Leu Ala Asp Pro Ser Pro Ile Leu Met Tyr Pro Ile Ser
260 265 270

Ser Thr Glu Val Arg Cys Leu Val Asp Val Pro Gly Gln Lys Val Pro
275 280 285

Ser Ile Ala Asn Gly Glu Met Lys Asn Tyr Leu Lys Thr Val val Ala
290 295 300

Pro Gln Met Pro His Glu Val Tyr Asp Ser Phe Ile Ala Ala Val Asp
305 310 315 320

Lys Gly Asn Ile Lys Ser Met Pro Asn Arg Ser Met Pro Ala Ser Pro
325 330 335
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Tyr Pro Thr Pro Gly Ala Leu Leu Met Gly Asp Ala Phe Asn Met Arg
340 345 350

His Pro Leu Thr Gly Gly Gly Met Thr Val Ala Leu Ala Asp Ile Val
355 360 365

val Leu Arg Asn Leu Leu Arg Pro Leu Arg Asp Leu Ser Asp Gly Ala
370 375 380

Ser Leu Cys Lys Tyr Leu Glu Ser Phe Tyr Thr Leu Arg Lys Pro Val
385 390 395 400

Ala Ala Thr Ile Asn Thr Leu Ala Asn Ala Leu Tyr Gln Val Phe Cys
405 410 415

Ser Ser Glu Asn Glu Ala Arg Asn Glu Met Arg Glu Ala Cys Phe Asp
420 425 430

Tyr Leu Gly Leu Gly Gly Met Cys Thr Ser Gly Pro Val Ser Leu Leu
435 440 445

Ser Gly Leu Asn Pro Arg Pro Leu Thr Leu Val Cys His Phe Phe Ala
450 455 460

val Ala Val Tyr Gly Val Ile Arg Leu Leu Ile Pro Phe Pro Ser Pro
465 470 475 480

Lys Arg Ile Trp Leu Gly Ala Lys Leu Ile Ser Gly Ala Ser Gly Ile
485 490 495

Ile Phe Pro Ile Ile Lys Ala Glu Gly Val Arg Gln Met Phe Phe Pro
500 505 510

Ala Thr Val Pro Ala Tyr Tyr Tyr Lys Ala Pro Thr Val Gly Glu Thr
515 520 525

Lys Cys Ser
530

SEQ ID NO:90
Arabidopsis thaliana Squalene epoxidase 4 protein sequence

Met Thr Tyr Ala Trp Leu Trp Thr Leu Leu Ala Phe vVal Leu Thr Trp
1 5 10 15

Met Val Phe His Leu Ile Lys Met Lys Lys Ala Ala Thr Gly Asp Leu
20 25 30

Glu Ala Glu Ala Glu Ala Arg Arg Asp Gly Ala Thr Asgp Val Ile Ile

177



WO 2016/050890 PCT/EP2015/072645

35 40 45

Val Gly Ala Gly Val Ala Gly Ala Ser Leu Ala Tyr Ala Leu Ala Lys
50 55 60

Asp Gly Arg Arg Val His Val Ile Glu Arg Asp Leu Lys Glu Pro Gln
65 70 75 80

Arg FPhe Met Gly Glu Leu Met Gln Ala Gly Gly Arg Phe Met Leu Ala
85 90 95

Gln Leu Gly Leu Glu Asp Cys Leu Glu Asp Ile Asp Ala Gln Glu Ala
100 105 110

Lys Ser Leu Ala Ile Tyr Lys Asp Gly Lys His Ala Thr Leu Pro Phe
115 120 125

Pro Asp Asp Lys Ser Phe Pro His Glu Pro Val Gly Arg Leu Leu Arg
130 135 140

Asn Gly Arg Leu Val Gln Arg Leu Arg Gln Lys Ala Ala Ser Leu Ser
145 150 155 160

Asn Val Gln Leu Glu Glu Gly Thr Val Lys Ser Leu Ile Glu Glu Glu
165 170 175

Gly vVal val Lys Gly val Thr Tyr Lys Asn Ser Ala Gly Glu Glu Ile
180 185 180

Thr Ala Phe Ala Pro Leu Thr Vval Val Cys Asp Gly Cys Tyr Ser Asn
195 200 205

Leu Arg Arg Ser Leu Val Asp Asn Thr Glu Glu Val Leu Ser Tyr Met
210 215 220

val Gly Tyr Val Thr Lys Asn Ser Arg Leu Glu Asp Pro His Ser Leu
225 230 235 240

His Leu Ile Fhe Ser Lys Pro Leu Val Cys Val Ile Tyr Gln Ile Thr
245 250 255

Ser Asp Glu Val Arg Cys val Ala Glu val Pro Ala Asp Ser Ile Pro
260 265 270

Ser Ile Ser Asn Gly Glu Met Ser Thr Phe Leu Lys Lys Ser Met Ala
275 280 285

Pro Gln Ile Pro Glu Thr Gly Asn Leu Arg Glu Ile Phe Leu Lys Gly
290 295 340

Ile Glu Glu Gly Leu Pro Glu Ile Lys Ser Thr Ala Thr Lys Ser Met
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305 310 315 320

Ser Ser Arg Leu Cys Asp Lys Arg Gly Val Ile Val Leu Gly Asp Ala
325 330 335

Phe Asn Met Arg His Pro Ile Ile Ala Sery Gly Met Met Val Ala Leu
340 345 350

Ser Asp Ile Cys Ile Leu Arg Asn Leu Leu Lys Pro Leu Pro Asn Leu
355 360 365

Ser Asn Thr Lys Lys Val Ser Asp Leu Val Lys Ser Phe Tyr Ile Ile
370 375 380

Arg Lys Pro Met Ser Ala Thr Val Asn Thr Leu Ala Ser Ile Phe Ser
385 380 395 400

Gln Val Leu Val Ala Thr Thr Asp Glu Ala Arg Glu Gly Met Arg Gln
405 410 415

Gly Cys Phe Asn Tyr Leu Ala Arg Gly Asp Phe Lys Thr Arg Gly Leu
420 425 430

Met Thr Ile Leu Gly Gly Met Asn Pro His Pro Leu Thr Leu Val Leu
435 4490 445

His Leu Val Ala Ile Thr Leu Thr Ser Met Gly Hisg Leu Leu Ser Pro

450 455 460

Phe Pro Ser Pro Arg Arg Phe Trp His Ser Leu Arg Ile Leu Ala Trp
465 470 475 480

Ala Leu Gln Met Leu Gly Ala His Leu Val Asp Glu Gly Phe Lys Glu
485 4380 495

Met Leu Ile Pro Thr Asn Ala Ala Ala Tyr Arg Arg Asn Tyr Ile Ala
500 505 510

Thr Thr Thr val
515

SEQ ID NO:91
Arabidopsis thaliana Squalene epoxidase 6 protein sequence

Met Ala Phe Thr His Val Cys Leu Trp Thr Leu Val Ala Phe Val Leu
1 5 10 15

Thr Trp Thr Val Phe Tyr Leu Thr Asn Met Lys Lys Lys Ala Thr Asp
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20 25 30

Leu Ala Asp Thr val Ala Glu Asp Gln Lys Asp Gly Ala Ala Asp Val
35 40 45

Ile Ile val Gly Ala Gly val Gly Gly Ser Ala Leu Ala Tyr Ala Leu
50 55 60

Ala Lys Asp Gly Arg Arg Val His Vval Ile Glu Arg Asp Met Arg Glu
65 70 75 80

Pro Glu Arg Met Met Gly Glu Phe Met Gln Pro Gly Gly Arg Leu Met
85 90 85

Leu Ser Lys Leu Gly Leu Gln Asp Cys Leu Glu Asp Ile Asp Ala Gln
00 105 110

Lys Ala Thr Gly Leu Ala val Tyr Lys Asp Gly Lys Glu Ala Asp Ala
115 120 125

Pro Phe Pro Val Asp Asn Asn Asn Phe Ser Tyr Glu Pro Ser Ala Arg
130 135 140

Ser Phe His Asn Gly Arg Phe Val Gln Gln Leu Arg Avrg Lys Ala Phe
145 150 155 160

Ser Leu Ser Asn Val Arg Leu Glu Glu Gly Thr Val Lys Ser Leu Leu
165 170 175

Glu Glu Lys Gly val Val Lys Gly Val Thr Tyr Lys Asn Lys Glu Gly
180 185 190

Glu Glu Thr Thr Ala Leu Ala Pro Leu Thr Val Val Cys Asp Gly Cys
195 200 205

Tyr Ser Asn Leu Arg Arg Ser Leu Asn Asp Asp Asn Asn Ala Glu Ile
210 215 220

Met Ser Tyr Ile Val Gly Tyr Ile Ser Lys Asn Cys Arg Leu Glu Glu
225 230 235 240

Pro Glu Lys Leu His Leu Ile Leu Ser Lys Pro Ser Phe Thr Met Val
245 250 255

Tyr Gln Ile Ser Ser Thr Asp Val Arg Cys Gly Phe Glu Val Leu Pro
260 265 270

Glu Asn Phe Pro Ser Ile Ala Asn Gly Glu Met Ser Thr Phe Meb Lys
275 280 285

Asn Thr Ile Val Pro Gln Val Pro Pro Lys Leu Arg Lys Ile Phe Leu
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290 295 300

Lys Gly Ile Asp Glu Gly Ala His Ile Lys Val Val Pro Ala Lys Arg
305 310 315 320

Met Thr Ser Thr Leu Ser Lys Lys Lys Gly Val Ile Val Leu Gly Asp
325 330 335

Ala Phe Asn Met Arg His Pro Val Val Ala Ser Gly Met Met Val Leu
340 345 350

Leu Ser Asp Ile Leu Ile Leu Arg Arg Leu Leu Gln Pro Leu Ser Asn
355 360 365

Leu Gly Asp Ala Asn Lys Val Ser Glu Val Ile Asn Ser Phe Tyr Asp
370 375 380

Ile Arg Lys Pro Met Ser Ala Thr Val Asn Thr Leu Gly Asn Ala Phe
385 390 395 400

Ser Gln Val Leu Ile Gly Ser Thr Asp Glu Ala Lys Glu Ala Met Arg
405 410 415

Gln Gly Val Tyr Asp Tyr Leu Cys Ser Gly Gly Phe Arg Thr Ser Gly
420 425 430

Met Met Ala Leu Leu Gly Gly Met Asn Pro Arg Pro Leu Ser Leu Val
435 440 445

Tyr His Leu Cys Ala Ile Thr Leu Ser Ser Ile Gly Gln Leu Leu Sexr
450 455 460

Pro Phe Pro Ser Pro Leu Arg Ile Trp His Ser Leu Lys Leu Phe Gly
465 470 475 480

Leu Ala Met Lys Met Leu Val Pro Asn Leu Lys Ala Glu Gly Val Ser
485 430 495

Gln Met Leu Phe Pro Ala Asn Ala Ala Ala Tyr His Lys Ser Tyr Met
500 505 510

Ala Ala Thr Thr Leu
515

SEQ ID NO:92
Arabidopsis thaliana Squalene epoxidase 5 protein sequence

Met Ala Phe Thr Asn Val Cys Leu Trp Thr Leu Leu Ala Phe Met Leu
1 5 10 15
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Thr Trp Thr Val Phe Tyr vVal Thr Asn Arg Gly Lys Lys Ala Thr Gln
20 25 30

Leu Ala Asp Ala Val val Glu Glu Arg Glu Asp Gly Ala Thr Asp Val
35 40 45

Ile Ile Val Gly Ala Gly val Gly Gly Ser Ala Leu Ala Tyr Ala Leu
50 55 60

Ala Lys Asp Gly Arg Arg Val His Val Ile Glu Arg Asp Leu Arg Glu
65 70 75 80

Pro Glu Arg Ile Met Gly Glu Phe Met Gln Pro Gly Gly Arg Leu Met
85 90 95

Leu Ser Lys Leu Gly Leu Glu Asp Cys Leu Glu Gly Ile Asp Ala Gln
100 105 110

Lys Ala Thr Gly Met Thr val Tyr Lys Asp Gly Lys Glu Ala Val Ala
115 120 125

Ser Phe Pro Val Asp Asn Asn Asn Phe Pro Phe Asp Pro Ser Ala Arxrg
130 135 140

Ser Phe His Asn Gly Arg Phe Val Gln Arg Leu Arg Gln Lys Ala Ser
145 150 155 160

Ser Leu Pro Asn Val Arg Leu Glu Glu Gly Thr Val Lys Ser Leu Ile
165 170 175

Glu Glu Lys Gly Val Ile Lys Gly Val Thr Tyr Lys Asn Ser Ala Gly
180 185 190

Glu Glu Thr Thr Ala Leu Ala Pro Leu Thr Val Val Cys Asp Gly Cys
185 200 205

Tyr Ser Asn Leu Arg Arg Ser Leu Asn Asp Asn Asn Ala Glu Val Leu
210 215 220

Ser Tyr Gln Val Gly Phe Ile Ser Lys Asn Cys Gln Leu Glu Glu Pro
225 230 235 240

Glu Lys Leu Lys Leu Ile Met Ser Lys Pro Ser Phe Thr Met Leu Tyr
245 250 255

Gln Ile Ser Ser Thr Asp Val Arg Cys Val Phe Glu Val Leu Pro Asn
260 265 270

Asn Ile Pro Ser Ile Ser Asn Gly Glu Met Ala Thr Phe Val Lys Asn
275 280 285
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Thr Ile Ala Pro Gln Val Pro Leu Lys Leu Arg Lys Ile Phe Leu Lys
290 295 300

Gly Ile Asp Glu Gly Glu His Ile Lys Ala Met Pro Thr Lys Lys Met
305 310 315 320

Thr Ala Thr Leu Ser Glu Lys Lys Gly Val Ile Leu Leu Gly Asp Ala
325 330 335

Phe Asn Met Arg His Pro Ala Ile Ala Ser Gly Met Met Val Leu Leu
340 345 350

Ser Asp Ile Leu Ile Leu Arg Arg Leu Leu Gln Pro Leu Ser Asn Leu
355 360 365
Gly Asn Ala Gln Lys Ile Ser Gin Val Ile Lys Ser Phe Tyr Asp Ile

370 375 380

Arg Lys Pro Met Ser Ala Thr Val Asn Thr Leu Gly Asn Ala Phe Ser
385 390 395 400

Gln Val Leu Val Ala Ser Thr Asp Glu Ala Lys Glu Ala Met Arg Gln
405 410 415

Gly Cys Tyr Asp Tyr Leu Ser Ser Gly Gly Phe Arg Thr Ser Gly Met
420 425 430

Met Ala Leu Leu Gly Gly Met Asn Pro Arg Pro Ile Ser Leu Ile Tyr
435 440 445

His Leu Cys Ala Ile Thr Leu Ser Ser Ile Gly His Leu Leu Ser Pro
450 455 460

Phe Pro Ser Pro Leu Arg Ile Trp His Ser Leu Arg Leu Phe Gly Leu
465 470 475 480

Ala Met Lys Met Leu Val Pro His Leu Lys Ala Glu Gly Val Ser Gln
485 490 495

Met Leu Phe Pro Val Asn Ala Ala Ala Tyr Ser Lys Ser Tyr Met Ala
500 505 510

Ala Thr Ala Leu
515

SEQ ID NO:93
Arabidopsis thaliana Sgualene epoxidase 2 protein sequence
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Met Lys Pro Phe Val Ile Arg Asn Leu Pro Arg Phe Gln Ser Thr Leu
Arg Ser Ser Leu Leu Tyr Thr Asn His Arg Pro Ser Ser Arg FPhe Ser
20 25 30

Leu Ser Thr Arg Arg Phe Thr Thr Gly Ala Thr Tyr Ile Arg Arg Trp
35 40 45

Lys Ala Thr Ala Ala Gln Thr Leu Lys Leu Ser Ala Val Asn Ser Thr
50 55 60

Val Met Met Lys Pro Ala Lys Ile Ala Leu Asp Gln Phe Ile Ala Ser
65 70 75 B0

Leu Phe Thr Phe Leu Leu Leu Tyr Ile Leu Arg Arg Ser Ser Asn Lys
85 90 95

Asn Lys Lys Asn Arg Gly Leu Val Val Ser Gln Asn Asp Thr Val Ser
100 105 110

Lys Asn Leu Glu Thr Glu Val Asp Ser Gly Thr aAsp val Ile Ile val
115 120 125

Gly Ala Gly Val Ala Gly Ser Ala Leu Ala His Thr Leu Gly Lys Glu
130 135 140

Gly Arg Arg Val His Val Ile Glu Arg Asp Phe Ser Glu Gln Asp Arg
145 150 155 160

Ile val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Ile Glu
165 170 175

Leu Gly Leu Glu Asp Cys Val Lys Lys Ile Asp Ala Gln Arg Val Leu
180 185 180

Gly Tyr vVal Leu Phe Lys Asp Gly Lys His Thr Lys Leu Ala Tyr Pro
195 200 205

Leu Glu Thr Phe Asp Ser Asp Val Ala Gly Arg Ser Phe His Asn Gly
210 215 220

Arg Phe Val Gln Arg Met Arg Glu Lys Ala Leu Thr Leu Ser Asn Val
225 230 238 240

Arg Leu Glu Gln Gly Thr val Thr Ser Leu Leu Glu Glu His Gly Thr
245 250 255

Ile Lys Gly Val Arg Tyr Arg Thr Lys Glu Gly Asn Glu Phe Arg Ser
260 265 270
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Phe Trp Leu Gly Ala Arg Ile Ile Ser Ser Ala Ser Ser Ile Ile Phe
545 550 555 560

Pro Ile Ile Lys Ala Glu Gly Val Arg Gln Met Phe Phe Pro Arg Thr
565 570 575

Ile Pro Ala Ile Tyr Arg Ala Pro Pro
580 585

SEQ ID NO:94
Arabidopsis thaliana Squalene epoxidase 3 protein sequence

Met Ala Pro Thr Ile Phe val Asp His Cys Ile Leu Thr Thr Thr Phe
1 5 10 15

val Ala Ser Leu Phe Ala Phe Leu Leu Leu Tyr Val Leu Arg Arg Arg
20 25 30

Ser Lys Thr Ile His Gly Ser Val Asn Val Arg Asn Gly Thr Leu Thr
35 40 45

Val Lys Ser Gly Thr Asp val Asp Ile Ile Ile Val Gly Ala Gly val
50 55 60

Ala Gly Ala Ala Leu Ala His Thr Leu Gly Lys Glu Gly Arg Arg Val
65 70 75 80

His Val Ile Glu Arg Asp Leu Thr Glu Pro Asp Arg Ile Val Gly Glu
85 90 85

Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Ile Glu Leu Gly Leu Glu
100 105 110

Asp Cys Val Lys Asp Ile Asp Ala Gln Arg Val Leu Gly Tyr Ala Leu
115 120 125

Phe Lys Asp Gly Lys His Thr Lys Leu Ser Tyr Pro Leu Asp Gln Phe
130 135 140

Asp Ser Asp Val Ala Gly Arg Ser Phe His Asn Gly Arg Phe Val Gln
145 150 185 160

Arg Met Arg Glu Lys Ala Ser Leu Leu Pro Asn Val Arg Met Glu Gln
165 170 175

Gly Thr val Thr Ser Leu Val Glu Glu 2Asn Gly Ile Ile Lys Gly val
180 185 180
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Gln Tyr Lys Thr Lys Asp Gly Gln Glu Leu Lys Ser Phe Ala Pro Leu
195 200 205

Thr Ile Val Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg Ser Leu Cys
210 215 220

Lys Pro Lys Val Glu Val Pro Ser Asn Phe Val Gly Leu Val Leu Glu
225 230 235 240

Asgn Cys Glu Leu Pro Phe Pro Asn His Gly His Val val Leu Gly Asp
245 250 2558

Pro Ser Pro Ile Leu Phe Tyr Pro Ile Ser Ser Ser Glu Val Arg Cys
260 265 270

Leu Val Asp Val Pro Gly Ser Lys Leu Pro Ser Val Ala Ser Gly Glu
275 280 285

Met Ala His His Leu Lys Thr Met Val Ala Pro Gln Val Pro Pro Gln
280 285 300
Ile Arg Asp Ala Phe Ile Ser Ala Val Glu Lys Gly Asn Ile Arg Thr

305 310 315 320

Met Pro Asn Arg Ser Met Pro Ala Asp Pro Ile His Thr Pro Gly Ala
325 330 335

Leu Leu Leu Gly Asp Ala Phe Asn Met Arg His Pro Leu Thr Gly Gly
340 345 350

Gly Met Thr Vval Ala Leu Ser Asp Ile Val Ile Leu Arg Asp Leu Leu
355 360 365

Agn Pro Leu Val Asp Leu Thr Asn Lys Glu Ser Leu Ser Lys Tyr Ile
370 375 380

Glu Ser Phe Tyr Thr Leu Arg Lys Pro Val Ala Ser Thr Ile Asn Thr
385 390 395 400

Leu Ala Gly Ala Leu Tyr Lys Val Phe Leu Ala Ser Pro Asp Asp Ala
405 410 418

Arg Ser Glu Met Arg Arg Ala Cys Phe Asp Tyr Leu Ser Leu Gly Gly
420 425 430

Val Cys Ser Ser Gly Pro Val Ala Leu Leu Ser Gly Leu Asn Pro Arg
435 440 445

Pro Met Ser ILeu Val Leu His Phe Phe Ala Val Ala Ile Phe Gly Vval
450 455 460
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Gly Arg Leu Leu Val Pro Leu Pro Ser Val Lys Arg Leu Trp Leu Gly
465 470 475 480

Ala Arg Leu Ile Ser Ser Ala Ser Gly Ile Ile Phe Pro Ile Ile Lys
485 480 4385

Ala Glu Gly Val Arg Gln Met Phe Phe Pro Arg Thr Ile Pro Ala Ile
500 505 510

Tyr Arg Ala Pro Pro Thr Pro Ser Ser Ser Ser Pro Glin
515 520 525

SEQ ID NO:85
Brassica napus Squalene monooxygenase 1,1 protein sSequence

Met Asp Leu Ala Phe Pro His Val Cys Leu Trp Thr Leu Leu Ala Phe
1 5 10 15

val Leu Thr Trp Thr Val Phe Tyx Val Asn Asn Arg Arg Lys Lys Val
20 25 30

Ala Lys Leu Pro Asp Ala Ala Thr Glu Val Arg Arg Asp Gly Asp Ala
35 40 45

Asp Val Ile Ile Val Gly ala Gly Val Gly Gly Ser aAla Leu Ala Tyr
50 55 60

Ala Leu Ala Lys Asp Gly Arg Arg Val His Val Ile Glu Arg Asp Met
65 70 75 80

Arg Glu Pro Val Arg Met Met Gly Glu Phe Met Gln Pro Gly Gly Arg
85 90 95

Leu Leu Leu Ser Lys Leu Gly Leu Glu Asp Cys Leu Glu Gly Ile Asp
100 105 110

Glu Gln Ile Bla Thr Gly Leu Ala Val Tyr Lys Asp Gly Gln Lys Ala
115 120 125

Leu Val Ser Phe Pro Glu Asp Asn Asp Phe Pro Tyr Glu Pro Thr Gly
130 135 140

Arg Ala Phe Tyr Asn Gly Arg Phe Val Gln Arg Leu Arg Gln Lys Ala
145 150 155 160

Ser Ser Leu Pro Thr Vval ¢ln Leu Glu Glu Gly Thr Vval Lys Ser Leu
165 170 175
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Ile Glu Glu Lys Gly Val Ile Lys Gly Val Thr Tyr Lys Asn Ser Ala
180 185 190

Gly Glu Glu Thr Thr Ala Phe Ala Pro Leu Thr Val Val Cys Asp Gly
195 200 205

Cys Tyr Ser Asn Leu Arg Arg Ser Val Asn Asp Asn Asn Ala Glu Val
210 215 220

Ile Ser Tyr Gln Val Gly Tyr Val Ser Lys Asn Cys Gln Leu Glu Asp
225 230 235 240

Pro Glu Lys Leu Lys Leu Ile Met Ser Lys Pro Ser Phe Thr Met Leu
245 250 255

Tyr Gln Ile Ser Ser Thr Asp Val Arg Cys Val Met Glu Ile Phe Pro
260 265 270

Gly Asn Ile Pro Ser Ile Ser Asn Gly Glu Met Ala Val Tyr Leu Lys
275 280 285

Asn Thr Met Ala Pro Gln val Pro Pro Glu Leu Arg Lys Ile Phe Leu
290 295 300

Lys Gly Ile Agp Glu Gly Ala Gln Ile Lys Ala Met Pro Thr Lys Arg
305 310 315 320

Met Glu Ala Thr Leu Ser Glu Lys Gln Gly Val Ile Val Leu Gly Asp
325 330 335

Ala Phe Agn Met Arg His Pro Ala Ile Ala Ser Gly Met Met val Vval
340 345 350

Leu Ser Asp Ile Leu Ile Leu Arg Arg Leu Leu Gln Pro Leu Arg Asn
355 360 365

Leu Ser Asp Ala Asn Lys Val Ser Glu Val Ile Lys Ser Phe Tyr Val
370 375 380

Ile Arg Lys Pro Met Ser Ala Thr Val Asn Thr Leu Gly Asn Ala Phe
385 390 385 400

Ser Gln Val Leu Ile Ala Ser Thr Asp Glu Ala Lys Glu Ala Met Arg
405 410 41%

Gln Gly Cys Phe Asp Tyr Leu Ser Ser Gly Gly Phe Arg Thr Ser Gly
420 425 430

Met Met Ala Leu Leu Gly Gly Met Asn Pro Arg Pro Leu Ser Leu Ile
435 440 445
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Phe His Leu Cys Gly Ile Thr Leu Ser Ser Ile Gly Gln Leu Leu Ser
450 455 460

Pro Phe Pro Ser Pro Leu Gly Ile Trp His Ser Leu Arg Leu Phe Gly
465 470 475 480

Ala Glu Gly val Ser Gln Met Leu Ser Pro Ala Tyr Ala Ala Ala Tyr
485 490 495

Arg Lys Ser Tyr Met Thr Ala Thr Ala Leu
500 505

SEQ ID NG:86
Brassica napus Sgualene monooxygenase 1,2 protein sequence

Met Asp Met Ala Phe Val Glu Val Cys Leu Arg Met Leu Leu Val Phe
1 5 10 15

val Leu Ser Trp Thr Ile Phe His Val Asn Asn Arg Lys Lys Lys Lys
20 25 30

Ala Thr Lys Leu Ala Asp Leu Ala Thr Glu Glu Arg Lys Glu Gly Gly
35 40 45

Pro Asp Val Ile Ile Val Gly Ala Gly Val Gly Gly Ser Ala Leu Ala
50 55 60

Tyr Ala Leu Ala Lys Asp Gly Arg Arg Val His Val Ile Glu Arg Asp
65 70 75 80

Met Arg Glu Pro Val Arg Met Met Gly Glu Phe Met Gln Pro Gly Gly
85 90 95

Arg Leu Met Leu Ser Lys Leu Gly Leu Gln Asp Cys Leu Glu Glu Ile
100 105 110

Asp Ala Gln Lys Ser Thr Gly Ile Arg Leu Phe Lys Asp Gly Lys Glu
115 120 125

Thr Val Ala Cys Phe Pro Val Asp Thr Asn Phe Pro Tyr Glu Pro Sex
130 135 140

Gly Arg Phe Phe His Asn Gly Arg Phe Val Gln Arg Leu Arg Gln Lys
1458 150 155 160

Ala Ser Ser Leu Pro Asn Val Arg Leu Glu Glu Gly Thr Val Arg Ser
165 170 175

Leu Ile Glu Glu Lys Gly val Val Lys Gly Val Thr Tyr Lys Asn Ser
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180 185 190

Ser Gly Glu Glu Thr Thr Ser Phe Ala Pro Leu Thr Val Val Cys Asp
195 2040 205

Gly Cys His Ser Asn Leu Arg Arg Ser Leu Asn Asp Asn Asn Ala Glu
210 215 220

Val Thr Ala Tyr Glu Ile Gly Tyr Ile Ser Arg Asn Cys Arg Leu Glu
225 230 235 240

Gln Pro Asp Lys Leu His Leu Ile Met Ala Lys Pro Ser Phe Ala Met
245 250 255

Leu Tyr Gln Val Ser Ser Thr Asp Val Arg Cys Asn Phe Glu Leu Leu
260 265 270

Ser Lys Asn Leu Pro Ser Val Ser Asn Gly Glu Met Thr Ser Phe Val
275 280 285

Arg Asn Ser Ile Ala Pro Gln Val Pro Leu Lys Leu Arg Lys Thr Phe
290 295 300

Leu Lys Gly Leu Asp Glu Gly Ser His Ile Lys Ile Thr Gln Ala Lys
305 310 315 320

Arg Ile Pro Ala Thr Leu Ser Arg Lys Lys Gly Val Ile Val Leu Gly
325 330 335

Agp Ala Phe Asn Met Arg His Pro Val Ile Ala Ser Gly Met Met Val
340 345 350

Leu Leu Ser Asp Ile Leu Ile Leu Ser Arg Leu Leu Lys Pro Leu Gly
358 360 365

Asn Leu Gly Asp Glu Asn Lys Val Ser Glu Val Met Lys Ser Phe Tyr
370 375 380

Ala Leu Arg Lys Pro Met Ser Ala Thr Val Asn Thr Leu Gly Asn Ser
385 390 385 400

Phe Trp Gln Val Leu Ile Ala Ser Thr Asp Glu Ala Lys Glu Ala Met
405 410 415

Arg Gln Gly Cys Phe Asp Tyr Leu Ser Ser Gly Gly Phe Arg Thr Ser
420 425 430

Gly Leu Met Ala Leu Ile Gly Gly Met Asn Pro Arg Pro Leu Ser Leu
435 440 445

Phe Tyr His Leu Phe Val Ile Ser Leu Ser Ser Ile Gly Gln Leu Leu

191



WO 2016/050890 PCT/EP2015/072645

450 455 460

Ser Pro Phe Pro Thr Pro Leu Arg Val Trp His Ser Leu Arg Leu Leu
465 470 475 480

Asp Leu Ser Leu Lys Met Leu Val Pro His Leu Lys Ala Glu Gly Ile
485 490 4895

Gly Gln Met Leu Ser Pro Thr Asn Ala Ala Ala Tyr Arg Lys Ser Tyr
500 505 510

Met Ala Ala Thr val Val
518

SEQ ID NO:97
Euphorbia tirucalli Squalene epoxidase protein sequence

Met Glu Val Ile Phe Asp Thr Tyr Ile Phe Gly Thr Phe Phe Ala Ser
1 5 10 15

Leu Cys Ala Phe Leu Leu Leu Phe Ile Leu Arg Pro Lys Val Lys Lys
20 25 30

Met Gly Lys Ile Arg Glu Ile Ser Ser Ile Asn Thr Gln Asn Asp Thr
35 40 45

Ala Ile Thr Pro Pro Lys Gly Ser Gly Thr Asp Val Ile Ile Val Gly
50 55 60

Ala Gly val ala Gly Ala aAla Leu Ala Cys Thr Leu Gly Lys Asp Gly
65 70 75 80O

Brg Arg Val His Val Ile Glu Arg Asp Leu Lys Glu Pro Asp Arg Ile
85 90 g5

Val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Val Glu Leu
100 105 110

Gly Leu Gln Asp Cys Val Glu Glu Ile Asgp Ala Gln Arg Ile Val Gly
115 120 125

Tyr Ala Leu Phe Met Asp Gly Asn Asn Thr Lys Leu Ser Tyr Pro Leu
130 135 140

Glu Lys Phe Asp Ala Glu val Ser Gly Lys Ser Phe His Asn Gly Arg
145 150 155 160

Phe Ile Gln Arg Met Arg Glu Lys Ala Ala Ser Leu Pro Asn Val Gln
165 170 175
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Leu Glu Gln Gly Thr Val Thr Ser Leu Leu Glu Glu Asn Gly Thr Ile
180 185 190

Lys Gly Val G6ln Tyr Lys Thr Lys Asp Gly Gln Glu His Lys Ala Tyr
185 200 205

aAla Pro Leu Thr Val Val Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg
210 215 220

ger Leu Cys Lys Pro Lys Val Asp Val Pro Ser His Phe Val Gly Leu
225 230 235 240

val Leu Glu Asn Cys Asp Leu Pro Phe Ala Asn His Gly His Val Ile
245 250 255

Leu Ala Asp Pro Ser Pro Ile Leu Phe Tyr Pro Ile Ser Ser Thr Glu
260 265 270

val Arg Cys Leu Val Asp Val Pro Gly Gln Lys Leu Pro Ser Ile Ala
275 280 285

Ser Gly Glu Met Ala Lys Tyr Leu Lys Thr Met Val Ala Lys Gln Ile
290 295 300

Pro Pro Val Leu His Asp Ala Phe Val Ser Ala Ile Asp Lys Gly Asn
305 310 315 320

Ile Arg Thr Met Pro Asn Arg Ser Met Pro Ala Asp Pro Leu Pro Thr
325 330 335

pro Gly Ala Leu Leu Met Gly Asp Ala Phe Asn Met Arxg His Pro Leu
340 345 350

Thr Gly Gly Gly Met Thr val Ala Leu Ala Asp Ile Val Leu Leu Arg
355 360 365

Agp Leu Leu Lys Pro Leu Arg Asp Leu Asn Asp Ala Pro Ala Leu Ala
370 375 380

Lys Tyr Leu Glu Ser Phe Tyr Thr Leu Arg Lys Pro Val Ala Ser Thr
385 390 395 400

Ile Asn Thr Leu Ala Gly Ala Leu Tyr Lys Val Phe Ser Ala Ser Pro
405 410 415

Asp Glu Ala Arg Lys Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu Ser
420 425 430

Leu Gly Gly Glu Cys Ala Met Gly Pro Val Ser Leu Leu Ser Gly Leu
435 440 445
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Asn Pro Ser Pro Leu Thr Leu Val Leu His Phe Phe Gly Val Ala Ile
450 455 460

Tyr Gly Val Gly Arg Leu Leu Ile Pro Phe Pro Thr Pro Lys Gly Met
465 470 475 480

Trp Ile Gly Ala Arg Ile Ile Ser Ser Ala Ser Gly Ile Ile Phe Pro
485 490 485

Ile Ile Lys Ala Glu Gly Val Arg Gln val Phe Phe Pro Ala Thr Val
500 505 510

Pro Ala Ile Tyr Arg Asn Pro Pro Val Asn Gly Lys Ser val Glu val
515 520 525

Pro Lys Ser
530

SEQ ID NO:98
Medicago truncatula Squalene epoxidase protein sequence

Met Ile Asp Pro Tyr Gly Phe Gly Trp Ile Thr Cys Thr Leu Ile Thr
1 5 10 15

Leu Ala Ala Leu Tyr Asn Phe Leu Phe Ser Arg Lys Asn His Ser Asp
20 25 30

Ser Thr Thr Thr Glu Asn Ile Thr Thr Ala Thr Gly Glu Cys Arg Ser
35 40 45

Phe Asn Pro Asn Gly Asp val Asp Ile Ile Ile val Gly Ala Gly Val
50 55 60

Ala Gly Ser Ala Leu Ala Tyr Thr Leu Gly Lys Asp Gly Arg Arg Val
65 70 75 80

Leu Ile Ile Glu Arg Asp Leu Asn Glu Pro Asp Arg Ile Val Gly Glu
85 g0 95

Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Ile Glu Leu Gly Leu Asp
100 105 110

Asp Cys Val Glu Lys Ile Asp Ala Gln Lys Val Phe Gly Tyr Ala Leu
115 120 125

Phe Lys Asp CGly Lys His Thr Arg Leu Ser Tyr Pro Leu Glu Lys Phe
130 135 140
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His Ser Asp Ile Ala Gly Arg Ser Phe His Asn Gly Arg FPhe Ile Leu
145 150 155 160

Arg Met Arg Glu Lys Ala Ala Ser Leu Pro Asn Val Arg Leu Glu Gln
165 170 175

Gly Thr Val Thr Ser Leu Leu Glu Glu Asn Gly Thr Ile Lys Gly Val
180 185 180

Gln Tyr Lys Thr Lys Asp Ala Gln Glu Phe Ser Ala Cys Ala Pro Leu
195 200 205

Thr Ile Val Cys Asp Gly Cys FPhe Ser Asn Leu Arg Arg Ser Leu Cys
210 215 220

Asn Pro Lys Val Glu Val Pro Ser Cys Phe Val Gly Leu Val Leu Glu
225 230 2358 240

Asn Cys Glu Leu Pro Cys Ala Asp His Gly His Val Ile Leu Gly Asp
245 250 255

Pro Ser Pro Val Leu Phe Tyr Pro Ile Ser Ser Thr Glu Ile Axrg Cys
260 265 270

Leu Val Asp Val Pro Gly Gln Lys Val Pro Ser Ile Ser Asn Gly Glu
275 280 285

Met Ala Lys Tyr Leu Lys Thr Val Val Ala Pro Gln Val Pro Pro Glu
290 295 300

Leu His Ala ala Phe Ile Ala Ala Val Asp Lys Gly His Ile aArg Thr
305 310 318 320

Met Pro Asn Arg Ser Met Pro Ala Asp Pro Tyr Pro Thr Pro Gly Ala
325 330 335

Leu Leu Met Gly Asp Ala Phe Asn Met Arxrg His Pro Leu Thr Gly Gly
340 345 350

Gly Met Thr Val Ala Leu Ser Asp Ile Val Val Leu Arg Asn Leu Leu
355 360 365

Lys Pro Leu Arg Asp Leu Asn Asp Ala Ser Ser Leu Cys Lys Tyr Leu
370 375 380

Glu Ser Phe Tyr Thr Leu Arg Lys Pro Val Ala Ser Thr Ile Asn Thr
385 390 3958 400

Leu Ala Gly Ala Leu Tyr Lys Val Phe Cys Ala Ser Pro Asp Pro Ala
405 410 415
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Arg Lys Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu Ser Leu Gly Gly
420 425 430

Leu Phe Ser Glu Gly Pro Vval Ser Leu Leu Ser Gly Leu Asn Pro Cys
435 440 445

Pro Leu Ser Leu Val Leu His Phe Phe Ala Val Ala Ile Tyr Gly Val
450 455 460

gly Arg Leu Leu Leu Pro Phe Pro Ser Pro Lys Arg Leu Trp Ile Gly
465 470 475 480

Ile Arg Leu Ile Ala Ser Ala Ser Gly Ile Ile Leu Pro Ile Ile Lys
485 490 495

Ala Glu Gly Ile Arg Gln Met Phe Phe Pro Ala Thr Val Pro Ala Tyr
500 505 510

Tyr Arg Ala Pro Pro Asp Ala
515

SEQ ID NO:99%9
Medicago truncatula Squalene monooxygenase protein sequence

Met Asp Leu Tyr Asn Ile Gly Trp Ile Leu Ser Ser Val Leu Ser Leu
1 5 10 15

Phe Ala Leu Tyr Asn Leu Ile Phe Ala Gly Lys Lys Asn Tyr Asp Val
20 25 30

Asn Glu Lys val Asn Gln Arg Glu Asp Ser Val Thr Ser Thr Asp Ala
35 40 45

Gly Glu Ile Lys Ser Asp Lys Leu Asn Gly Asp Ala Asp Val Ile Ile
50 55 60

Val Gly Ala Gly Ile Ala Gly Ala Ala Leu Ala His Thr Leu Gly Lys
65 70 75 80

Asp Gly Arg Arg Val His Ile Ile Glu Arg Asp Leu Ser Glu Pro Asp
B85 S0 85

Arg Tle Val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Val
100 105 110

Glu Leu Gly Leu Gln Asp Cys Val Asp Asn Ile Asp Ala Gln Arg Val
115 120 125

Phe Gly Tyr bla Leu Phe Lys Asp Gly Lys His Thr Arg Leu Ser Tyr
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130 135 140

Pro Leu Glu Lys Phe His Ser Asp Val Ser Gly Arg Sexr Phe His Asn
145 150 155 160

Gly Arg Phe Ile Gln Arg Met Arg Glu Lys Ala Ala Ser Leu Pro Asn
165 170 175

Val Asn Met Glu Gln Gly Thr Val Ile Ser Leu Leu Glu Glu Lys Gly
180 185 180

Thr Ile Lys Gly Val Gln Tyr Lys Asn Lys Asp Gly Gln Ala Leu Thr
195 200 205

Ala Tyr Ala Pro Leu Thr Ile Val Cys Asp Gly Cys Phe Ser Asn Leu
210 215 220

Arg Arg Ser Leu Cys Asn Pro Lys Val Asp Asn Pro Ser Cys Phe Val
225 230 235 240

Gly Leu Ile Leu Glu Asn Cys Glu Leu Pro Cys Ala Asn His Gly His
245 250 255

Val Ile Leu Gly Asp Pro Ser Pro Ile Leu Phe Tyr Pro Ile Ser Ser
260 265 270

Thr Glu Ile Arg Cys Leu Val Asp Val Pro Gly Thr Lys Val Pro Ser
275 280 285

Ile Ser Asn Gly Asp Met Thr Lys Tyr Leu Lys Thr Thr Val Ala Pro
290 295 300

Gln Val Pro Pro Glu Leu Tyr Asp Ala Phe Ile Ala Ala Val Asp Lys
305 310 315 320

Gly Asn Ile Arg Thr Met Pro Asn Arg Ser Met Pro Ala Asp Pro Arg
325 330 335

Pro Thr Pro Gly Ala Val Leu Met Gly Asp Ala Phe Asn Met Arg His
340 345 350

Pro Leu Thr Gly Gly Gly Met Thr Val Ala Leu Ser Asp Ile Val Val
355 360 365

Leu Arg Asn Leu Leu Lys Pro Met Arg Asp Leu Asn Asp Ala Pro Thr
370 375 380

Leu Cys Lys Tyr Leu Glu Ser Phe Tyr Thr Leu Arg Lys Pro Val Ala
385 380 385 400

Ser Thr Ile Asn Thr Leu Ala Gly Ala Leu Tyr Lys Val Phe Ser Ala
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405 410 415

Ser Pro Asp Glu Ala Arg Lys Glu Met Arg Gln Ala Cys Phe Asp Tyr
420 428 4340

Leu Ser Leu Gly Gly Leu Phe Ser Glu Gly Pro Ile Ser Leu Leu Ser
435 440 445

Gly Leu Asn Pro Arg Pro Leu Ser Leu Val Leu His Phe Phe Ala Val
450 455 460

Bla Val Phe Gly Val Gly Arg Leu Leu Leu Pro Phe Pro Ser Pro Lys
465 470 475 480

Arg Val Trp Ile Gly Ala Arg Leu Leu Ser Gly Ala Ser Gly Ile Ile
485 490 495

Leu Pro Ile Ile Lys Ala Glu Gly Ile Arg Gln Met Phe Phe Pro Ala
500 505 510

Thr Val Pro Ala Tyr Tyr Arg Ala Pro Pro Val Asn Ala Phe
515 520 525

SEQ ID NO:100
Ricinus communis Sgualene monooxygenase protein segquence

Met Ala Asp Asn Tyr Leu Leu Gly Trp Ile Leu Cys Ser Ile Ile Gly
1 5 i0 15

Leu Phe Gly Leu Tyr Tyr Met Val Tyr Leu Val Val Lys Arg Glu Glu
20 25 30

Glu Asp Asn Asn Arg Lys Ala Leu Leu Gln Ala Arg Ser Asp Ser Ala
35 40 45

Lys Thr Met Ser Ala Val Ser Gln Asn Gly Glu Cys Arg Ser Asp Asn
50 55 60

Pro Ala Asp Ala Asp Ile Ile Ile Val Gly Ala Gly val Ala Gly Ser
65 70 75 80

Ala Leu Ala His Thr Leu Gly Lys Asp Gly Arg Arg Val His val Ile
85 90 95

Glu Arg Asp Leu Thr Glu Pro Asp Arg Ile Val Gly Glu Leu Leu Gln
100 105 110

Pro Gly Gly Tvr Leu Lys Leu Ile Glu Leu Gly Leu Glu Asp Cys Val
115 120 125
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Glu Glu Ile Asp Ala Gln Arg Val Phe Gly Tyr Ala Leu Phe Met Asp
130 135 140

Gly Lys His Thr Gln Leu Ser Tyr Pro Leu Glu Lys Phe His Ser Asp
145 150 155 160

Val Ala Gly Arg Ser Phe His Asn Gly Arg Phe Ile Gln Arg Met Arg
165 170 175

Glu Lys Ala Ser Ser Ile Pro Asn Val Arg Leu Glu Gln Gly Thr val
180 185 190

Thr Ser Leu Ile Glu Glu Lys Gly Ile Ile Arg Gly Val Val Tyr Lys
195 200 208

Thr Lys Thr Gly Glu Glu Leu Thr Ala Phe Ala Pro Leu Thr Ile Val
210 215 220

Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg Ser Leu Cys Asn Pro Lys
225 230D 235 240

val Asp Val Pro Ser Cys Phe Val Gly Leu Val Leu Glu Asp Cys Lys
245 250 2558

Leu Pro Tyr Gln Tyr His Gly His vVal val Leu Ala Asp Pro Ser Pro
260 265 270

Ile Leu Phe Tyr Gln Ile Ser Ser Thr Glu Val Arg Cys Leu Val Asp
275 280 285

val Pro Gly Gln Lys Val Pro Ser Ile Ser Asn Gly Glu Met Ala Lys
280 295 300

Tyr Leu Lys Asn Val Val Ala Pro Gln Val Pro Pro Glu Ile Tyr Asp
305 310 315 320

Ser Phe Val Ala Ala Val Agp Lys Gly Asn Ile Arg Thr Met Pro Asn
325 330 335

Arg Ser Met Pro Ala Ser Pro Tyr Pro Thr Pro Gly Ala Leu Leu Met
340 345 350

Gly Asp Ala Phe Asn Met Arg His Pro Leu Thr Gly Gly Gly Met Thr
355 360 365

Val Ala Leu Ser Asp Ile val Val Leu Arg Glu Leu Leu Lys Pro Leu
370 375 380

Arg Asp Leu His Asp Ala Pro Thr Leu Cys Arg Tyr Leu Glu Ser Phe
385 380 395 400
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Tyr Thr Leu Arg Lys Pro Val Ala Ser Thr Ile Asn Thr Leu Ala Gly
405 410 415

Ala Leu Tyr Lys Val Phe Cys Ala Ser Ser Asp Glu Ala Arg Asn Glu
420 425 430

Met Arg Gln Ala Cys Phe Asp Tyr Leu Ser Leu Gly Gly Val Phe Ser
435 440 445

Thr Gly Pro Ile Ser Leu Leu Ser Gly Leu Asn Pro Arg Pro Leu Ser
450 455 460

Leu Val Val His Phe Phe Ala Val Ala Ile Tyr Gly Val Gly Arg Leu
465 470 475 480

Leu Leu Pro Phe Pro Ser Pro Lys Arg Val Trp Val Gly Ala Arg Leu
485 490 435

Ile Ser Gly Ala Ser Gly Ile Ile Phe Pro Ile Ile Lys Ala Glu Gly
500 508 510

Val Arg Gln Met Phe Phe Pro Ala Thr Val Pro Ala Tyr Tyr Arg Ala
515 520 525

Pro Pro Val Glu Cys Asn
530

SEQ ID NO:101
Ricinus communis Squalene monooxygenase protein sequence

Met Glu Tyr Lys Leu Ala val Ala Gly Ile Ile Ala Ser Leu Trp Ala
1 5 10 15

Leu Phe Met Leu Cys Ser Leu Lys Arg Lys Lys Asn Ile Thr Arg Ala
20 25 30

Ser Phe Asn Asn Tyr Thr Asp Glu Thr Leu Lys Ser Ser Ser Lys Glu
35 40 45

Ile Cys Gln Pro Glu Ile val Ala Ser Pro Asp Ile Ile Ile Val Gly
50 55 60

Ala Gly Val Ala Gly Ala Ala Leu Ala Tyr Ala Leu Gly Glu Asp Gly
65 70 75 80

Arg Gln Val His Val Ile Glu Arg Asp Leu Ser Glu Pro Asp Arg Ile
85 90 a5
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val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Ile Glu Leu
100 105 110

Gly Leu Glu Asp Cys Val Glu Lys Ile Asp Ala Gln Gln Val Phe Gly
115 120 125

Tyr Ala Ile Phe Lys Asp Gly Lys Ser Thr Lys Leu Ser Tyr Pro Leu
130 135 140

Agsp Gly Phe Gln Thr Asn Val Ser Gly Arg Ser Phe His Asn Gly Arg
145 150 155 160

Phe Ile Gln Aarg Met Arg Glu Lyg Ala Thr Ser Leu Pro Asn Leu Ile
165 170 175

Leu Gln Gln @Gly Thr Val Thr Ser Leu Val Glu Lys Lys Gly Thr val
180 185 180

Lys Gly Val Asn Tyr Arg Thr Arg Asn Gly Gln Glu Met Thr Ala Tyr
1985 200 205

Ala Pro Leu Thr Ile Val Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg
210 215 220

Ser Leu Cys Asn Pro Lys Val Glu Ile Pro Ser Cys Phe Val Ala Leu
225 230 235 240

Val Leu Glu Asn Cys Asp Leu Pro Tyr Ala Asn His Gly His vVal Ile
245 250 255

Leu Ala Asp Pro Ser Pro Ile Leu Phe Tyr Pro Ile Ser Ser Thr Glu
260 265 270

Val Arg Cys Leu Val Asp Ile Pro Gly Gln Lys Val Pro Ser Ile Ser
275 280 285

Agn Gly Glu Leu Ala Gln Tyr Leu Lys Ser Thr Val Ala Lys Gln Ile
290 295 300

Pro Ser Glu Leu His Asp Ala Phe Ile Ser Ala Ile Glu Lys Gly Asn
305 310 315 320

Ile Arg Thr Met Pro Asn Arg Ser Met Pro Ala Ser Pro His Pro Thr
325 330 335

Pro Gly Ala Leu Leu Val Gly Asp Ala Phe Asn Met Arg His Pro Leu
340 345 350

Thr Gly Gly Gly Met Thr Val Ala Leu Ser Asp Ile Val Leu Leu Arg
355 360 365
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Asn Leu Leu Arg Pro Leu Glu Asn Leu Asn Asp Ala Ser Val Leu Cys
370 375 380

Lys Tyr Leu Glu Ser Phe Tyr Ile Leu Arg Lys Pro Met Ala Ser Thr
385 390 395 400

Ile Asn Thr Leu Ala Gly Ala Leu Tyr Lys Val Phe Ser Ala Ser Thr
405 410 415

Asp Arg Ala Arg Ser Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu Sexr
420 425 430

Leu Gly Gly Val Phe Ser Asn Gly Pro Ile Ala Leu Leu Ser Gly Leu
435 440 445

Asn Pro Arg Pro Leu Asn Leu Val Leu His Phe Phe Ala Val Ala Vval
450 455 460

Tyvr Gly Val Gly Arg Leu Ile Leu Pro Phe Pro Ser Pro Lys Ser Ile
465 470 475 480

Trp Asp Gly Val Lys Leu Ile Ser Gly Ala Ser Ser Val Ile Phe Pro
485 490 495

Ile Met Lys Ala Glu Gly Ile Gly Gln Ile Phe Phe Pro Ile Thr Lys
500 505 510

Pro Pro Asn His Lys Ser @ln Thr Trp
515 520

SEQ ID NO:102
Ricinus communis Squalene monooxygenase protein sequence

Met Gly Val Ser Arg Glu Glu Asn Ala Arg Asp Glu Lys Cys His Tyr
1 5 10 15
Tyr Glu Asn Gly Ile Ser Leu Ser Glu Lys Ser Met Ser Thr Asp Ile

20 25 30

Ile Ile val Gly Ala Gly val Ala Gly Ser Ala Leu Ala Tyr Thr Leu
35 40 45

Gly Lys Asp Gly Arg Arg Val His Val Ile Glu Arg Asp Leu Ser Leu
50 55 60

Gln Asp Arg Ile Val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys
65 70 75 BO
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Leu Ile Glu Leu Gly Leu Glu Asp Cys Val Glu Glu Ile Asp ala Gln
85 90 95

Gln val Phe Gly Tyr Ala Leu Tyr Lys Asn Gly Arg Ser Thr Lys Leu
100 105 110

Ser Tyr Pro Leu Glu Sexr Phe Asp Ser Asp Val Ser Gly Arxrg Ser Phe
115 120 125

His Asn Gly Arg Phe Ile Gln Arg Met Arg Glu Lys Ala Ala Ser Leu
130 135 140

Pro Asn Val Arg Leu Glu Glu Gly Thr Val Thr Ser Leu Leu Glu Val
145 150 155 160

Lys Gly Thr Ile Lys Gly Val Gln Tyr Lys Thr Lys Asn Gly Glu Glu
165 170 175

Leu Thr Ala Ser Ala Pro Leu Thr Ile Val Cys Asp Gly Cys Phe Ser
180 185 190

Aszn Leu Arg Arg Ser Leu Cys Asn Pro Lys Val Asp Ile Pro Ser Cys
195 200 205

Phe Val Ala Leu Ile Leu Glu Asn Ser Gly Gln Lys Leu Pro Ser Ile
210 215 220

Ser Asn Gly Asp Met Ala Asn Tyr Leu Lys Ser Val Val Ala Pro Gln
225 230 235 240

Ile Pro Pro Val Leu Ser Glu Ala Phe Ile Ser Ala Ile Glu Lys Gly
245 250 255

Lys Ile Arg Thr Met Pro Asn Arg Ser Met Pro Ala Ala Pro His Pro
260 265 270

Thr Pro Gly Ala Leu Leu Leu Gly Asp Ala Phe Asn Met Arg His Pro
275 280 285

Leu Thr Gly Gly Gly Met Thr Val Ala Leu Ser Asp Ile Val Val Leu
290 295 300

Arg Asn Leu Leu Lys Pro Leu His Asp Leu Thr Asp Ala Ser Ala Leu
305 310 315 320

Cys Glu Tyr Leu Lys Ser Phe Tyr Ser Leu Arg Lys Pro Val Ala Ser
325 330 335

Thr Ile Asn Thr Leu Ala Gly Ala Leu Tyr Lys Val Phe Ser Ala Ser
340 345 350
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His Asp Pro Ala Arg Asn Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu
3i55 360 365

Ser Leu Gly Gly Val Phe Ser Asn Gly Pro Ile Ala Leu Leu Ser Gly
370 375 380

Leu Asn Pro Arg Pro Leu Ser Leu Val Ala His Phe Phe Ala Val Ala
385 350 385 400

Ile Tyr Gly Val Gly Arg Leu Ile Phe Pro Leu Pro Ser Ala Lys Gly
405 410 415

Met Trp Met Gly Ala Arg Met Ile Lys Val Ala Ser Gly Ile Ile Phe
420 425 430

Pro Ile Ile Arg Ala Glu Gly Val Gln His Met Phe Phe Ser Lys Thr
435 440 445

Leu Ser Ala Phe Ser Arg Ser Gln Thr Ser
450 455

SEQ ID NO:103
Ricinus communis Sgualene monooxygenase protein sequence

Met Glu Tyr Gln Tyr Phe val Gly Gly Ile Ile Ala Ser Ala Leu Leu
1 5 10 15

Phe Val Leu Val Cys Arg Leu Ala Gly Lys Arg Gln Arg Arg Ala Leu
20 25 30

Arg Asp Thr Val Asp Arg Asp Glu Ile Ser Gln Asn Ser Glu Asn Gly
35 40 45

Ile Ser Gln Ser Glu Lys Asn Met Asn Thr Asp Ile Ile Ile Val Gly
50 55 60

Ala Gly Val aAla Gly Ser Thr Leu Ala Tyr Thr Leu Gly Lys Asp Gly
65 70 75 80

Arg Arg Val Arg Val Ile Glu Arg Asp Leu Ser Leu Gln Asp Arg Ile
85 30 95

Val Gly Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Ile Glu Leu
100 105 110

Gly Leu Glu Asp Cys Val Glu Glu Ile 2sp Ala Leu Gln Val Phe Gly
115 120 125
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Tyr Ala Leu Tyr Lys Asn Gly Arg Ser Thr Lys Leu Ser Tyr Pro Leu
130 135 140

Rzp Ser Phe Asp Ber Asp Val Ser Gly Arg Ser Phe His Asn Gly Arg
145 150 155 160

Phe Ile Gln Arg Met Arg Glu Lys Ala Ala Ser Leu Pro Asn Val Arg
165 170 175

Met Glu Gly Gly Thr Val Thr Ser Leu Leu Glu Val Lys Gly Thr Ile
180 185 180

Lys Gly Val Gln Tyr Lys Asn Lys Asn Gly Glu Glu Leu Ile Ala Cys
195 200 205

Ala Pro Leu Thr Ile Val Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg
210 215 220

Ser Leu Cys Asn Ser Lys Val Asp Ile Pro Phe Cys Phe Val Ala Leu
225 230 235 240

Ile Leu Glu Asn Cys Glu Leu Pro Tyr Pro Asn His Gly His Val Ile
245 250 255

Leu Ala Asp Pro Ser Pro Ile Leu Phe Tyr Arg Ile Ser Ile Ser Glu
260 265 270

Ile Arg Cys Leu Val Asp Ile Pro Ala Gly Gln Lys Leu Pro Ser Ile
275 280 285

Ser Asn Gly Glu Met Ala Asn Tyr Leu Lys Ser Val Val Ala Pro Gln
250 295 3040

Ile Pro Pro Glu Leu Ser Asn Ala Phe Leu Ser Ala Ile Glu Lys Gly
305 310 315 320

Lys Ile Arg Thr Met Pro Lys Arg Ser Met Pro Ala Ala Pro His Pro
325 330 338

Thr Pro Gly Ala Leu Leu Leu Gly Asp Ala Phe Asn Met Arg His Pro
340 345 350

Leu Thr Gly Gly Val Met Thr Val Ala Leu Ser Asp Ile Val Val Leu
355 360 365

Arg Ser Leu Leu Arg Pro Leu His Asp Leu Thr Asp Ala Ser Ala Leu
370 375 380

Cys Glu Tyr Leu Lys Ser Phe Tyr Ser Leu Arg Lys Pro Met Val Sex
385 3940 395 400
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Thr Ile Asn Thr Leu Ala Gly Ala Leu Tyr Arg Val Phe Ser Ala Ser
405 410 415

Gln Asp Pro BAla Arg Asp Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu
420 425 430

Ser Leu Gly Gly Val Phe Ser Asn Gly Pro Ile Ala Leu Leu Ser Gly
435 440 445

Leu Asn Pro Arg Pro Leu Ser Leu Ile Val His Phe Phe Ala Val Ala
450 455 460

val Tyr Gly Val Gly Arg Leu Ile Phe Pro Leu Pro Ser Ala Lys Arg
465 470 475 480

Met Trp Met Gln Glu
485

SEQ ID NOG:104
Ricinus communis Sgualene monooxygenase protein sequence

Met Glu Tyr Gln Tyr Leu Met Gly Gly Gly Ile Met Thr Leu Leu Phe
1 5 1¢ 15

Val Leu Ser Tyr Arg Leu Lys Arg Glu Thr Arg Ala Ser Val Glu Asn
20 25 30

Ala Arg Asp Glu Val Leu Gln Asn Ser Glu Asn Gly Ile Ser Gln Ser
35 40 45

Glu Lys Ala Met Asn Thr Asp Ile Lys Leu Leu Leu Glu Gln Ile Val
50 55 60

Gln Lys Ile Ala Met Leu Asn Ser Ile Arg Leu Glu Glu Gly Thr val
65 70 75 80

Thr Ser Leu Leu Glu Val Lys Arg Asp Ile Lys Gly Val Gln Tyr Lys
85 g0 95

Thr Lys Asn Gly Glu Glu Leu Thr Ala Cys Ala Pro Leu Thr Ile Val
100 108 110

Ser His Gly Cys Phe Ser Asn Leu Arg Leu His Val Thr Pro Ser Thr
115 120 125

Ser Lys Phe Lys Ser Phe Ile Gly Leu Glu Val Asp Ile Pro Ser Ser
130 135 140

Phe Ala Ala Leu Ile Leu Gly Asn Cys Glu Leu Pro Phe Pro Asn His
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145 150 155 160

Gly His Val Ile Leu Ala Asp Pro Ser Ser Ile Leu Phe Tyr Arg Ile
165 170 175

Ser Ser Ser Glu Ile Cys Cys Leu Val Asp Val Pro Ala Gly Gln Lys
180 185 180

Leu Pro Ser Ile Ser Asn Gly Glu Met Ala Asn Tyr Leu Lys Ser Val
195 200 205

Val Ala His Gln Ala Phe Lys Val Gly Leu Ala Tyr
210 215 220

SEQ ID NO:105
Ricinus communis Squalene monooxygenase protein sequence

Met Ser Pro Ile Ser Ile Gln Leu Pro Pro Arg Pro Gln Leu Tyr Arg
1 5 10 15

Ser Leu Ile Ser Ser Leu Ser Leu Ser Thy Tyr Lys Gln Pro Pro Ser
20 25 30

Pro Pro Ser Phe Ser Leu Thy Ile Ala Asn Ser Pro Pro Gln Pro Gln
35 40 45

Pro Gln Ala Thr Val Ser Ser Lys Thr Arg Thr Ile Thr Arg Leu Ser
50 55 &0

nen Ser Ser Asn Arg Val Asn Leu Leu Gln Ala Glu Gln His Pro Gln
65 70 75 8O

Glu Pro Ser Ser Asp Leu Ser Tyr Ser Ser Ser Pro Pro His Cys Val
85 90 95

Ser Gly Gly Tyr Asn Ile Lys Leu Met Glu Val Gly Thr Asp Asn Tyr
100 105 110

Ala Val Tle Ile Ile Leu Gly Thr Phe Phe Ala Ser Leu Phe Ala Phe
115 120 125

Val Phe Leu Ser Ile Leu Arg Tyr Asn Phe Lys Asn Lys Asn Lys Ala
130 135 140

Lys Ile His Asp Glu Thr Thr Leu Lys Thr Gln Asn Asp Asn Val Arg
145 180 158 160

Leu Pro Asp Asn Gly Ser Gly Asn Asp Val Ile Ile val Gly Ala Gly
165 170 175

207



WO 2016/050890 PCT/EP2015/072645

val Ala Gly ala Ala Leu Ala Tyr Thr Leu Gly Lys Asp Gly Arg Arg
180 185 180

val His Val Ile Glu Arg Asp Leu Thr Glu Pro Asp Arg Ile Val Gly
195 200 205

Glu Leu Leu Gln Pro Gly Gly Tyr Leu Lys Leu Ile Glu Leu Gly Leu
210 215 220

Glu Asp Cys Val Gln Glu Ile Asp Ala Gln Arg Val Leu Gly Tyr Ala
225 230 235 240

Leu Phe Lys Asp Gly Lys Asn Thr Arg Leu Ser Tyr Pro Leu Glu Lys
245 250 255

Phe His Ala Asp Val Ala Gly Arg Ser Phe His Asn Gly Arg Phe Ile
260 265 270

Gln Arg Met Arg Glu Lys Ala Ala Ser Leu Pro Asn Val Lys Leu Glu
275 280 285

Gln Gly Thr Val Thr Ser Leu Leu Glu Glu Asn Gly Thr Ile Lys Gly
2380 295 300
Val Gln Tyr Lys Thr Lys Asp Gly Gln Glu Ile Arg Ala Tyr Ala Pro

305 310 315 320

Leu Thr Ile Val Cys Asp Gly Cys Phe Ser Asn Leu Arg Arg Ser Leu
325 330 335

Cys RAsn Pro Lys Val Asp Val Pro Ser Cys Phe Val Gly Leu Val Leu
340 345 350

Glu Asn Cys Gln Leu Pro Phe Ala Asn His Gly His Val Val Leu Ala
355 360 365

Asp Pro Ser Pro Ile Leu Phe Tyr Pro Ile Ser Ser Thr Glu Val Arg
370 375 380

Cys Leu Val Asp Val Pro Gly Gln Lys Vval Pro Ser Ile Ala Asn Gly
385 390 395 400

Glu Met Ala Lys Tyr Leu Lys Asn Val Val Ala Pro Gln Ile Pro Pro
405 410 415

Val Leu His Asp Ala Phe Ile Ser Ala Ile Asp Lys Gly Asn Ile Arg
420 425 430

Thr Met Pro Asn Arg Ser Met Pro Ala Asp Pro His Pro Thr Pro Gly
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435 440 445

Ala Leu Leu Met Gly Asp Ala Phe Asn Met Arg His Pro Leu Thr Gly
450 455 460

Gly Gly Met Thr Val Ala Leu Ser Asp Ile Val Val Leu Arg Asp Leu
465 470 475 480

Leu Lys Pro Leu Arg Asp Leu Asn Asp Ala Thr Ser Leu Thr Lys Tyr
485 490 495

Leu Glu Ser Phe Tyr Thr Leu Arg Lys Pro Val Ala Ser Thr Ile Asn
500 505 510

Thr Leu Ala @Gly Ala Leu Tyr Lys Val Phe Ser Ala Ser Pro Asp Gln
515 520 525

Ala Arg Lys Glu Met Arg Gln Ala Cys Phe Asp Tyr Leu Ser Leu Gly
530 535 540

Gly Ile Phe Ser Ser Gly Pro Val Ala Leu Leu Ser Gly Leu Asn Pro
545 550 555 560

Arg Pro Leu Ser Leu Val Met His Phe Phe Ala Val Ala Ile Tyr Gly
565 570 575

Val Gly Arg Leu Leu Leu Pro Phe Pro Ser Pro Lys Ser Val Trp Ile
580 585 590

Gly Ala Arg Leu Ile Ser Ser Ala Ser Gly Ile Ile Phe Pro Ile Ile
585 600 605

Lys Ala Glu Gly Val Arg Gln Met Phe Phe Pro Ala Thr Ile Pro Ala
610 615 620

Ile Tyr Arg Pro Pro Pro Val Lys Asp Thr Ser Asp Asp Glu Gln Lys
625 630 635 640

Ser Arg

[00194] Having described the invention in detail and by reference to specific embodiments
thereof, it will be apparent that modifications and variations are possible without departing from
the scope of the invention defined in the appended claims. More specifically, although some
aspects of the present invention are identified herein as particularly advantageous, it is
contemplated that the present invention is not necessarily limited to these particular aspects of

the invention.
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WHAT IS CLAIMED IS:

1. A recombinant host comprising one or more of:

(a) a gene encoding a squalene epoxidase polypeptide;

(b) a gene encoding a cucurbitadienol synthase polypeptide;

(c) a gene encoding a cytochrome P450 polypeptide;

(d) a gene encoding a cytochrome P450 reductase polypeptide;

(e) a gene encoding an epoxide hydrolase polypeptide;

) a gene encoding a UGT1576 polypeptide having 60% or greater identity
to an amino acid sequence set forth in SEQ ID NO:48;

() a gene encoding a UGT430 polypeptide having 45% or greater identity to
an amino acid sequence set forth in SEQ ID NO:62;

(h) a gene encoding a UGT1697 polypeptide having 45% or greater identity
to an amino acid sequence set forth in SEQ (D NO:68;

(i) a gene encoding a UGT11789 polypeptide having 50% or greater identity
to an amino acid sequence set forth in SEQ ID NO:72;

() a gene encoding a UGTA8 polypeptide having 70% ar greater identity ta
an amino acid sequence set forth in SEQ ID NO:53;

(k) a gene encoding a UGTSK98 polypeptide having 70% or greater identity
to an amino acid sequence set forth in SEQ D NO:50;

wherein at least one of the genes is a recombinant gene;

wherein the host is capable of producing a mogrol precursor, a mogroside

precursor, and/or a mogroside compound.

2. The recombinant host of claim 1, wherein:

(8) the squalene epoxidase polypeptide comprises a polypeptide having 45% or
greater identity to an amino acid sequence set forth in SEQ ID NO:54;

{b) the cucurbitadienol synthase polypeptide comprises a polypeptide having 70% or
greater identity o an amino acid sequence set forth in SEQ 1D NO:43;

(c) the cytochrome P450 polypeptide comprises a CYP5491 polypeptide having 50%
or greater identity to an amino acid sequence set forth in SEQ ID NO:44 and/or a
CYP1798 polypeptide having 70% or greater identity to an amino acid sequence
set forth in SEQ ID NO:74;
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(d) the cytochrome P450 reductase polypeptide comprises a CPR4497 polypeptide
having 50% or greater identity to an amino acid sequence set forth in SEQ ID
NO:46; and/or

(e) the epoxide hydrolase polypeptide comprises an epoxide hydrolase 1
polypeptide having 75% or greater identity to an amino acid sequence set forth in
SEQ ID NO:38 or an epoxide hydrolase 2 polypeptide having 65% or greater
identity to an amino acid sequence set forth in SEQ 1D NO:40.

3. A recombinant host comprising one or more of.

(a)

(b)

(f)

(9)

(h)

one or more genes encoding one or more enzymes capable of catalyzing
conversion of dioxidosqualene to produce 24,25 epoxy cucurbitadienol;
one or more genes encoding one or more enzymes capable of catalyzing
conversion of oxidosqualene to produce cucurbitadienol;

one or more genes encoding one or more enzymes capable of catalyzing
hydroxylation of 24,25 epoxy cucurbitadienol to produce 11-hydroxy-
24,25 epoxy cucurbitadienol;

one or more genes encoding one or more enzymes capable of catalyzing
hydroxylation of cucurbitadienol to produce 11-hydroxy-cucurbitadienol;
one or more genes encoding one or more enzymes capable of catalyzing
epoxidation of cucurbitadienol to produce 24,25 epoxy cucurbitadienol; or
one or more genes encoding one or more enzymes capable of catalyzing
epoxidation of 11-hydroxy-cucurbitadienol to produce 11-hydroxy-24,25
epoxy cucurbitadienol;

one or more genes encoding one or more enzymes capable of catalyzing
conversion of 11-hydroxy-24,25 epoxy cucurbitadienol to produce mogrol;
or

one or more genes encoding one or more enzymes capable of catalyzing
glycosylation of a mogroside precursor to produce a mogroside

compound;

wherein at least one of the genes is a recombinant gene.

4, The recombinant host of claim 3, further comprising a gene encoding squalene
epoxidase polypeptide having 45% or greater identity o an amino acid sequence set
forth in SEQ ID NO:54.
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The recombinant host of any one of claims 1-4, wherein the recombinant host has been
modified to reduce expression of a lanosterol synthase (ERG7) polypeptide.

The recombinant host of claim 5, wherein the ERGY polypeptide comprises a

polypeptide having an amino acid sequence set forth in SEQ ID NO:55.

A method of producing a mogroside precursor andfor a mogroside compound,
comprising:

(a) growing the recombinant host of any one of claims 1-6 in a culture
medium, under conditions in which the genes disclosed in any one of
claims 1-6 are expressed;

wherein the mogroside precursor and/or the mogroside compound
is synthesized by the recombinant host; and

(b) optionally isolating the mogroside precursor and/or the mogroside

compound.

The method of claim 7, wherein the mogroside precursor is mogrol synthesized by
epoxidation of 11-hydroxy-cucurbitadienol to synthesize 11-hydroxy-24,25 epoxy
cucurbitadienol and hydrolysis of 11-hydroxy-24,25 epoxy cucurbitadienol to synthesize

mogrol.

The method of claim 8, wherein epoxidation of 11-hydroxy-cucurbitadienol to synthesize
11-hydroxy-24,25 epoxy cucurbitadienol is catalyzed by the CYP1798 polypeptide
having 70% or greater identity to an amino acid sequence set forth in SEQ 1D NO:74.

A method of producing a mogrol precursor in vitro, comprising:

(a) contacting dioxidosqualene with one or more enzymes capable of
catalyzing conversion of dioxidosqualene to produce 24,25 epoxy
cucurbitadienol; or

(b) contacting oxidosqualene with one or more enzymes capable of
catalyzing conversion of oxidosqualene to produce cucurbitadienol; or
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contacting 24,25 epoxy cucurbitadienol with one or more enzymes
capable of catalyzing hydroxylation of 24,25 epoxy cucurbitadienol to
produce 11-hydroxy-24,25 epoxy cucurbitadienol; or

contacting cucurbitadienol with one or more enzymes capable of
catalyzing hydroxylation of cucurbitadienol to produce 11-hydroxy-
cucurbitadienol; or

contacting cucurbitadienol with one or more enzymes capable of
catalyzing epoxidation of cucurbitadienol to produce 24,25 epoxy
cucurbitadienol; or

contacting 11-hydroxy-cucurbitadienol with one or more enzymes capable
of catalyzing epoxidation of 11-hydroxy-cucurbitadiencl to produce 11-

hydroxy-24,25 epoxy cucurbitadienol.

A method of producing a mogrol in vifro, comprising contacting 11-hydroxy-24,25 epoxy

cucurbitadienol with one or more enzymes capable of catalyzing conversion of 11-

hydroxy-24,25 epoxy cucurbitadienol to produce mogrol.

A method of producing a mogroside compound in vitro, comprising contacting a

mogroside precursor with one or more enzymes capable of catalyzing glycosylation of

the mogroside precursor to produce a mogroside compound.

The method of any one of claims 10-12, further comprising isolating the mogrol

precursor, mogrol or the mogroside compound.

The recombinant host of claim 3 or the method of any one of claims 10-13, wherein:

(a)

(b)

(c)

the one or more enzymes capable of catalyzing conversion of dioxidosqualene to
produce 24,25 epoxy cucurbitadienol comprise a cucurbitadienol synthase
having 70% or greater identity to an amino acid sequence set forth in SEQ ID

NO:43;

the one or more enzymes capable of catalyzing conversion of oxidosqualene to

produce cucurbitadienol comprise a cucurbitadienol synthase having 70% or

greater identity to an amino acid sequence set forth in SEQ ID NO:43;

the one or more enzymes capable of catalyzing conversion of 24,25 epoxy
cucurbitadienol to produce 11-hydroxy-24,25 epoxy cucurbitadienol comprise
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CYP5491 having 50% or greater identity to an amino acid sequence set forth in
SEQ ID NO:44;

(d) the one or more enzymes capable of catalyzing conversion of cucurbitadienol to
produce 11-hydroxy-cucurbitadienol comprise CYP5491 having 50% or greater
identity to an amino acid sequence set forth in SEQ ID NO:44;

(e) the one or more enzymes capable of catalyzing epoxidation of cucurbitadienol to
produce 24,25 epoxy cucurbitadienol comprise CYP1798 having 70% or greater
identity to an amino acid sequence set forth in SEQ ID NO:74;

(f) the one or more enzymes capable of catalyzing epoxidation of 11-hydroxy-
cucurbitadienol to produce 11-hydroxy-24,25 epoxy cucurbitadienol comprise
CYP1798 having 70% or greater identity to an amino acid sequence set forth in
SEQ ID NO:74;

() the one or more enzymes capable of catalyzing conversion of 11-hydroxy-24,25
epoxy cucurbitadienol to produce mogrol comprise a polypeptide comprising
epoxide hydrolase 1 having 75% or greater identity to an amino acid sequence
set forth in SEQ 1D NQO:38 or epoxide hydrolase 2 having 65% or greater identity
to an amino acid sequence set forth in SEQ 1D NO:40; and/or

(h) the one or more enzymes capable of catalyzing conversion of the mogroside
precursor to a mogroside compound comprise UGT1576 having 60% or greater
identity to an amino acid sequence set forth in SEQ ID NO:48; UGT98 having
70% or greater identity to an amino acid sequence set forth in SEQ ID NO:53;
UGTSK98 having 70% or greater identity to an amino acid sequence set forth in
SEQ ID NO:50; UGT430 having 45% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:62; UGT1697 having 45% or greater identity to
an amino acid sequence set forth in SEQ ID NO:68; or UGT11789 having 50% or
greater identity to an amino acid sequence set forth in SEQ 1D NO:72.

15. A method of producing a mogroside compound, comprising contacting a recombinant
host expressing one or mare of:
(a) a UGT1576 polypeptide having 60% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:48;
(b} a UGT430 polypeptide having 45% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:62;
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(c) a UGT1697 polypeptide having 45% or greater identity to an amino acid
sequence set forth in SEQ ID NO:68§;

(d) a UGT11789 polypeptide having 50% or greater identity to an amino acid
sequence set forth in SEQ (D NO:72;

(e) a UGT98 polypeptide having 70% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:53; or

H a UGTSKE8 polypeptide having 70% or greater identity to an amino acid
sequence set forth in SEQ 1D NO:50

with a mogroside precursor.

The method of claim 15, wherein the mogroside precursor is plant-derived or synthetic.
The method of claim 15, further comprising isolating the mogroside compound.

The recombinant host of any one of claims 1-6 or the method of claims 7 or 12-14,
wherein the mogroside compound is:

(a) mogrol glycosylated at C3 position; or

(b) mogrol glycosylated at C24 position; or

(c) mogrol glycosylated at C3 position and C24 position.

The recombinant host of any one of claims 1-6 or the method of claims 7 or 12-17,
wherein the mogroside compound is one or more of mogroside | A1, mogroside | E1,
mogroside [l A, mogroside Il A1, mogroside Il A2, mogroside Il E, mogroside lll A1,
mogroside Il A2, mogroside Hl, mogroside lIl E, mogroside IV, mogroside IV A,

mogroside V or siamenoside.

The recombinant host of any one of claims 1-6 or the method of claims 10 or 13, wherein
the mogrol precursor is one or more of squalene, dioxidosqualene, oxidosqualene, 24,25
epoxy cucurbitadienol, cucurbitadienol, 11-hydroxy-cucurbitadienol, 11-hydroxy 24, 25

epoxy cucurbitadienol or 11-oxo-mogrol.

The recombinant host of any one of claims 1-6 or the method of claims 7-9, 12 or 14-17,
wherein the mogroside precursor is one or more of mogrol, glycosylated mogrol, di-

glycosylated mogrol or tri-glycosylated mogrol.
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The method of any one of claims 7, 8-13 or 15-17 or the recombinant host of any one of
claims 1-6, 14 or 18-21, wherein the recombinant host comprises a microorganism that
is a yeast cell, a plant cell, a mammalian cell, an insect cell, a fungal cell, or a bacterial

cell.,

The bacterial cell according to 22, wherein the bacterial cell comprises Escherichia
bacteria cells, Lactobacillus bacteria cells, Lactococcus bacteria cells, Cornebacterium
bacteria cells, Acetobacter bacteria cells, Acinetobacter bacteria cells, or Pseudomonas

bacterial cells.

The vyeast cell according to claim 22, wherein the yeast cell is a cell from
Saccharomyces cerevisiae, Schizosaccharomyces pombe, Yarrowia lipolytica, Candida
glabrata, Ashbya gossypii, Cyberlindnera jadinii, Pichia pastoris, Kluyveromyces lactis,
Hansenula polymorpha, Candida boidinii, Arxula adeninivorans, Xanthophyllomyces

dendrorhous, or Candida albicans species.
The yeast cell of claim 24, wherein the yeast cell is a Saccharomycete.

The veast cell of claim 25, wherein the yeast cell is a cell from the Saccharomyces

cerevisiae species.

The recombinant host of any one of claims 1-6 or 14, wherein one or more of the genes

further comprise a nucleotide sequence coding a fusion tag.
The recombinant host of claim 27, wherein the fusion tag is a protein or polypeptide.

The recombinant host of claim 28, wherein the fusion tag is green fluorescent protein
(GFP), human influenza hemaggiutinin (HA), glutathione S ftransferase (GST), a
polyhistidine-tag (HIS tag), and a FLAG-tag, a chloroplast transit peptide, a
mitochondrial transit peptide, an amyloplast peptide, a signal peptide, or a secretion tag.

The recombinant host of any one of claims 1-6, 12, or 25-27, wherein one or more of the

genes are expressed as fusion proteins.

216



31.

32.

WO 2016/050890 PCT/EP2015/072645

A mogroside composition produced by the recombinant host of any one of claims 1-6,
16, or 27-29 or the method of any one of claims 7, 8-13 or 13-17, wherein the
composition comprises one or more of mogroside | A1, mogroside | E1, mogroside Il A,
mogroside Il E, mogroside Il A1, mogroside lli A2, mogroside I, mogroside Il E,

mogroside IV, mogroside V, and siamenoside.

A food or drink product comprising the composition of claim 31.
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