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PRODUCTION OF STEVIOL GLYCOSIDES IN RECOMBINANT HOSTS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This disclosure relates to recombinant production of steviol glycosides and steviol
glycoside precursors in recombinant hosts. In particular, this disclosure relates to production of
steviol glycosides comprising steviol-13-O-glucoside (13-SMG), steviol-1,2-bioside, steviol-1,3-
bioside, steviol-19-O-glucoside (19-SMG), stevioside, 1,3-stevioside, rubusoside, Rebaudioside
A (RebA), Rebaudioside B (RebB), Rebaudioside C (RebC), Rebaudioside D (RebD),
Rebaudioside E (RebE), Rebaudioside F (RebF), Rebaudioside M (RebM), Rebaudioside Q
(RebQ), Rebaudioside | (Rebl), dulcoside A, or isomers thereof in recombinant hosts.

Description of Related Art

[0001] Sweeteners are well known as ingredients used most commonly in the food,
beverage, or confectionary industries. The sweetener can either be incorporated into a final
food product during production or for stand-alone use, when appropriately diluted, as a tabletop
sweetener or an at-home replacement for sugars in baking. Sweeteners include natural
sweeteners such as sucrose, high fructose corn syrup, molasses, maple syrup, and honey and
artificial sweeteners such as aspartame, saccharine, and sucralose. Stevia extract is a natural
sweetener that can be isolated and extracted from a perennial shrub, Stevia rebaudiana. Stevia
is commonly grown in South America and Asia for commercial production of stevia extract.
Stevia extract, purified to various degrees, is used commercially as a high intensity sweetener in

foods and in blends or alone as a tabletop sweetener.

[0002] Chemical structures for several steviol glycosides are shown in Figure 1, including
the diterpene steviol and various steviol glycosides. Extracts of the Stevia plant generally
comprise steviol glycosides that contribute to the sweet flavor, although the amount of each

steviol glycoside often varies, inter alia, among different production batches.

[o002] As recovery and purification of steviol glycosides from the Stevia plant have proven
to be labor intensive and inefficient, there remains a need for a recombinant production system
that can accumulate high yields of desired steviol glycosides, such as RebD and RebM. There
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also remains a need for improved production of steviol glycosides in recombinant hosts for

commercial uses.

SUMMARY OF THE INVENTION

[0003] It is against the above background that the present invention provides certain

advantages and advancements over the prior art.

[6004] Although this 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 an ent-kaurene oxidase (KQO) polypeptide;
b) a gene encoding a cytochrome P450 reductase (CPR) polypeptide; and/or
(c) a gene encoding an ent-kaurenoic acid hydroxylase (KAH) polypeptide;
wherein at least one of the genes is a recombinant gene; and
wherein the recombinant host is capable of producing a steviol glycoside precursor.
[0005] The invention also provides a recombinant host comprising:
(a) a gene encoding a geranylgeranyl diphosphate synthase (GGPPS) polypeptide;
(b) a gene encoding an ent-copalyl diphosphate synthase (CDPS) polypeptide;
(c) a gene encoding an ent-kaurene synthase (KS) polypeptide
{d) a gene encoding an ent-kaurene oxidase (KO) polypeptide;
(e) a gene encoding a cytochrome P450 reductase (CPR) polypeptide; and
)] a gene encoding an ent-kaurenoic acid hydroxylase (KAH) polypeptide;
wherein at least one of the genes is a recombinant gene; and
wherein the recombinant host is capable of producing steviol.
[0006] in one aspect of the recombinant hosts disclosed herein,

(a) the KO polypeptide comprises a KO polypeptide having at least 60% identity to
an amino acid sequence set forth in SEQ ID NO:72 or SEQ D NO:75; 65%
identity to an amino acid sequence set forth in SEQ ID NO:54; at least 70%
identity to an amino acid sequence set forth in SED 1D NO: 70, SEQ ID NO:71, or
SEQ ID NO:79; at least 40% identity to an amino acid sequence set forth in SEQ
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(b)

[0007]

(a)

(b)

(c)

ID NO:77; or at least 50% identity to an amino acid sequence set forth in SEQ ID
NO:78;

the CPR polypeptide comprises a CPR polypeptide having at least 70% identity
to an amino acid sequences set forth in SEQ ID NO:69, SEQ ID NO:74, SEQ ID
NO:76, or SEQ ID NO:87; at least 80% identity fo an amino acid sequence set
forth in SEQ ID NO:73; at least 85% identity to an amino acid sequence set forth
in SEQ ID NO:22; at least 65% identity to an amino acid sequence set forth in
SEQ ID NO:28; or at least 50% identity to an amino acid sequence set forth in
SEQ 1D NO:98; and/or

the KAH polypeptide comprises a KAH polypeptide having at least 40% identity
to an amino acid sequence set forth in SEQ 1D NO:82; at least 50% identity to an
amino acid sequence set forth in SEQ ID NO:91; or at least 60% identity to an
amino acid sequence set forth in SEQ ID NO:68.

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

a gene encoding a KO polypeptide having at least 60% identity to an amino acid
sequence set forth in SEQ 1D NO:75;

a gene encoding a KAH polypeptide having at least 40% identity to an amino
acid sequence set forth in SEQ 1D NO:82; and/or

a gene encoding a CPR polypeptide having at least 50% identity to an amino
acid sequence set forth in SEQ 1D NO:9§;

wherein at least one of the genes is a recombinant gene; and

wherein the recombinant host is capable of producing a steviol glycoside precursor.

[0008]
(a)

(b)

(c)

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

a gene encoding a KO polypeptide having at least 70% identity to an amino acid
sequence set forth in SEQ 1D NO:70;

a gene encoding a KAH polypeptide having at least 40% identity to an amino
acid sequence set forth in SEQ ID NO:82; and/or

a gene encoding a CPR polypeptide having at least 50% identity to an aminoc
acid sequence set forth in SEQ ID NO:98;

wherein at least one of the genes is a recombinant gene; and
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wherein the recombinant host is capable of producing a steviol glycoside precursor.

[0009] In one aspect of the recombinant hosts disclosed herein, the host further comprises
a gene encoding a KO polypeptide having at least 65% identity to an amino acid sequence set
forth in SEQ 1D NO:54.

[0010] in another aspect of the recombinant hosts disclosed herein, the recombinant host
further comprises a gene encoding a KAH polypeptide having at least 60% identity to an amino
acid sequence set forth in SEQ ID NO:68.

[0011] In another aspect of the recombinant hosts disclosed herein, the recombinant host
further comprises a gene encoding a KO polypeptide having at least 70% identity to an amino
acid sequence set forth in SEQ ID NO:79.

[6012] In one aspect of the recombinant hosts disclosed herein, the host further comprises

one or more of:
(a) a gene encoding a geranylgeranyl diphosphate synthase (GGPPS) polypeptide;

(b) a gene encoding an ent-copalyl diphosphate synthase (CDPS) polypeptide;

and/or
(c) a gene encoding an ent-kaurene synthase (KS) polypeptide;
wherein at least one of the genes is a recombinant gene; and
wherein the recombinant host is capable of producing a steviol glycoside precursor.
[0013] In some aspects of the recombinant hosts disclosed herein,

(a) the GGPPS polypeptide comprises a polypeptide having at least 70% identity to
an amino acid sequence set forth in SEQ 1D NO:48;

(b) the CDPS polypeptide comprises a polypeptide having at least 70% identity to an
amino acid sequence set forth in SEQ D NO:37; and/or

(c) the KS polypeptide comprises a polypeptide having at least 40% identity to an
amino acid sequence set forth in SEQ 1D NO:6.

[0014] In one aspect of the recombinant hosts disclosed herein, the recombinant host

further comprises a gene encoding an endoplasmic reticulum membrane polypeptide.

[0015] In another aspect of the recombinant hosts disclosed herein, the endoplasmic

reticulum membrane polypeptide comprises an Inheritance of cortical ER protein 2 (ICE2)
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polypeptide having at least 50% ideniity to the amino acid sequence set forth in SEQ ID
NO:114.

[0016] In one aspect of the recombinant host disclosed herein, the KO polypeptide is a

fusion construct.

[0017] In another aspect, the fusion construct comprises a polypeptide having at least 60%
identity to an amino acid sequence set forth in SEQ 1D NO:118 or SEQ 1D NO:120.

[0018] In ancther aspect, the fusion construct has at least 50% identity to an amino acid
sequence set forth in SEQ ID NO:100, SEQ 1D NO:102, SEQ ID NO:104, SEQ ID NO:106, SEQ
ID NO:108, SEQ ID NO:110, or SEQ ID NO:112.

[0019] In one aspect of the recombinant hosts disclosed herein, the host further comprises

one or more of:
{a) a gene encoding a UGT85C polypeptide;
(b} a gene encoding a UGT76G polypeptide;
(c) agene encoding a UGT74G1 polypeptide;
(d) a gene encoding a UGT91D2 functional homolog polypeptide; and/or
(e) a gene encoding an EUGT11 polypeptide;
wherein at least one of the genes is a recombinant gene; and

wherein the host is capable of producing a steviol glycoside.

[0020] In some aspects of the recombinant hosts disclosed herein,

(a) the UGT85C2 polypeptide comprises a polypeptide having at least 55% identity
to an amino acid sequence set forth in SEQ ID NO:30;

(b) the UGT76G1 polypeptide comprises a polypeptide having at least 50% identity
to an amino acid sequence set forth in SEQ ID NO:83;

(c) the UGT74G1 polypeptide comprises a polypeptide having at least 55% identity
to an amino acid sequence set forth in SEQ 1D NO:29;

{d) the UGT91D2 functional homolog polypeptide comprises a UGT91D2
polypeptide having 90% or greater identity to the amino acid sequence set forth
in SEQ ID NO:84 or a UGT91D2e-b polypeptide having 90% or greater identity to
the amino acid sequence set forth in SEQ ID NO:88; and/or
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(e) the EUGT11 polypeptide comprises a polypeptide having at least 65% identity to
an amino acid sequence set forth in SEQ ID NO:86.

[0021] In some aspects, the recombinant hosts disclosed herein comprise a plant cell, a

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

[0022] In one aspect, the bacterial cell comprises Escherichia bacteria cells, for example,
Escherichia coli cells; Lactobacilius bacteria cells; Lactococcus bacteria cells; Cornebacterium
bacteria cells; Acefobacter bacteria cells; Acinefobacter bacteria cells; or Pseudomonas

bacterial cells.
[06023] In one aspect, the fungal cell comprises a yeast cell.

[0024] In one aspect, 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.

[0025] In one aspect, the yeast cell is a Saccharomycete.
[0026] In one aspect, the yeast cell is a cell from the Saccharomyces cerevisiae species.

[0027] The invention further provides a method of producing a steviol glycoside or a steviol
glycoside precursor, comprising:
(a) growing a recombinant host disclosed herein in a culture medium, under

conditions in which any of the genes disclosed herein are expressed;

wherein the steviol glycoside or the steviol glycoside precursor is synthesized by said

host; and/or

(b) optionally quantifying the steviol glycoside or the steviol glycoside precursor;

and/or
(c) optionally isolating the steviol glycoside or the steviol glycoside precursor.

[0028] In some aspects, the steviol glycoside comprises steviol-13-O-glucoside (13-SMG),
steviol-1,2-bioside, steviol-1,3-bioside, steviol-19-O-glucoside (19-SMG), stevioside, 1,3-
stevioside, rubusoside, Rebaudioside A (RebA), Rebaudioside B (RebB), Rebaudioside C
(RebC), Rebaudioside D (RebD), Rebaudioside E (RebE), Rebaudioside F (RebF),
Rebaudioside M (RebM), Rebaudioside Q (RebQ), Rebaudioside | (Rebl), dulcoside A, di-
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glycosylated steviol, tri-glycosylated steviol, tetra-glycosylated steviol, penta-glycosylated

steviol, hexa-glycosylated steviol, hepta-glycosylated steviol, or isomers thereof.

[0029] In some aspects, the steviol glycoside or steviol glycoside precursor produced by the
recombinant hosts or methods disclosed herein accumulates to a detectable concentration

when cultured under said conditions.

[0030] In some aspects, the steviol glycoside or steviol glycoside precursor produced by the
recombinant hosts or methods disclosed herein has an undetectable concentration of stevia

plant-derived contaminants.

[G031] In some aspects, the steviol glycoside or steviol glycoside precursor produced by the
recombinant hosts or methods disclosed herein has a steviol glycoside composition enriched for

RebD or RebM relative to the steviol glycoside composition of a wild-type Stevia plant.

[0032] These and other features and advantages of the present invention will be more fully
understood from the following detailed description 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

[0033] 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:

[0034] Figure 1 shows a schematic of the engineered biosynthetic pathway for producing
steviol in yeast from geranylgeranyl diphosphate using geranylgeranyl diphosphate synthase
(GGPPS), ent-copalyl diphosphate synthase (CDPS), ent-kaurene synthase (KS), ent-kaurene
oxidase (KO), and ent-kaurenoic acid hydroxylase (KAH) polypeptides.

[0035] Figure 2 shows representative steviol glycoside glycosylation reactions catalyzed by
suitable uridine 5-diphospho (UDP) glycosyl transferases (UGT) enzymes and chemical

structures for several steviol glycoside compounds.

[0036] Figure 3 shows Rebaudioside B (RebB) production in a steviol glycoside-producing
S. cerevisiae strain individually expressing S. rebaudiana KO1 (SrKO1) encoded by the
nucleotide sequence set forth in SEQ ID NO:59, the KO encoded by the codon-optimized
nucleotide sequence set forth in SEQ ID NO:5§5, or the KO encoded by the nucleotide sequence

7



WO 2016/038095 PCT/EP2015/070620

set forth in SEQ ID NO:56. RebB production was measured by liquid chromatography-mass
spectrometry (LC-MS) analysis as uM/ODygq of individual cultures. See Example 3.

[0037] Figure 4 shows production of ent-kaurenoic acid in steviol glycoside-producing S.
cerevisiae strains individually expressing SrKO1 encoded by the nucleotide sequence set forth
in SEQ ID NO:59, the KO encoded by the codon-optimized nucleotide sequence set forth in
SEQ ID NO:55, or the KO encoded by the nucleotide sequence set forth in SEQ ID NO:56, as
measured by LC-MS analysis of culture samples. Ent-kaurenoic acid levels were calculated as
the Area under Curve (AUC) of LC-MS peaks corresponding to ent-kaurenoic acid. See

Example 3.

[0038] Figure 5 shows production of total (extracellular plus intracellular) steviol glycosides
in a steviol glycoside-producing S. cerevisiae strain overexpressing S. rebaudiana KAHe1
(SrKAHe1; encoded by the nucleotide sequence set forth in SEQ ID NO:18) or in a steviol
glycoside-producing S. cerevisiae stain co-expressing SrKAHe1 (encoded by the nucleotide
sequence set forth in SEQ ID NO:18) and a KO encoded by the nucleotide sequences set forth
in any one of SEQ ID NOs: 55-60, compared to a control strain that does not overexpress
SrKAHe1 or express a KO encoded by the nucleotide sequence set forth in any one of SEQ ID
NOs: 55-60. Production of total steviol glycosides was quantified by comparision to a standard
curve. Values plotted on the y-axis in M are an average of three biological replicates. See

Example 4.

[0039] Figure 6 shows production of Rebaudioside A (RebA), Rebaudioside D (RebD), and
Rebaudioside M (RebM) in a steviol glycoside-producing S. cerevisiae strain overexpressing
SrKAHe1 (encoded by the nucleotide sequence set forth in SEQ ID NO:18) and further
expressing either the KO encoded by the nucleotide sequence set forth in SEQ ID NO:56 or the
KO encoded by the nucleotide sequence set forth in SEQ ID NO:65. Production of RebA +

RebD + RebM was measured in yM. See Example 4.

[0040] Figure 7 shows production of glycosylated ent-kaurenoic acid in a steviol glycoside-
producing S. cerevisiae strain overexpressing SrKAHe1 (encoded by the nucleotide sequence
set forth in SEQ ID NO:18) or in a steviol glycoside-producing strain coexpressing SrKAHe1
{(encoded by the nucleotide sequence set forth in SEQ ID NO:18) and a KO encoded by the
nucleotide sequences set forth in any one of SEQ ID NOs: 55-60). Values were calculated as
the AUC of LC-MS peaks corresponding to glycosylated ent-kaurenoic acid and as an average

of three biological replicates. See Example 4.
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[0041] Figure 8 shows production of glycosylated ent-kaurenol in a steviol glycoside-
producing S. cerevisiae strain overexpressing SrkAHe1 (encoded by the nucleotide sequence
set forth in SEQ ID NO:18) or in a steviol giycoside-producing S. cerevisiae strain co-expressing
SrKAHe1 (encoded by the nucleotide sequence set forth in SEQ 1D NO:18) and a KO encoded
by the nucleotide sequence set forth in SEQ 1D NOs: 55-60). Values plotted on the y-axis were
calculated as the AUC of LC-MS peaks corresponding to glycosylated ent-kaurenol. See

Example 4.
[0042] Figure 9 shows Rebaudioside M (RebM) production in a steviol glycoside-producing

S. cerevisiae strain expressing CPR1 (encoded by the codon-optimized nuclectide sequence
set forth in SEQ ID NO:61) or CPR7 (encoded by the nucleotide sequence set forth in SEQ ID

NO:23). Values plotted on the y-axis were measured in yM. See Example 5.

[0043] Figure 10 shows Rebaudioside M (RebM) production in a steviol glycoside-producing
S. cerevisiae strain overexpressing SrKAHe1 (encoded by the codon-optimized nucleotide
sequence set forth in SEQ ID NO:18) and further expressing CPR4497 encoded by the
nucleotide sequence set forth in SEQ ID NO:62. Values plotted on the y-axis indicate pM
concentration of RebM. See Example 5.

[0044] Figure 11A shows an LC-MS chromatogram of a steviol-13-O-glucoside (13-SMG)
standard. Figure 11B shows production of 13-SMG by a steviol glycoside-producing S.
cerevisiae strain expressing the KAH encoded by the nucleotide sequence set forth in SEQ 1D
NO:80 (amino acid sequence set forth in SEQ ID NO:82). See Example 7.

[0045] Figure 12 shows steviol-13-O-glucoside (13-SMG) and Rebaudioside B (RebB)
production in a steviol glycoside-producing S. cerevisiae strain co-expressing a KO and a CPR.
The KO was selected from SrKO1 {encoded by the codon-optimized nucleotide sequence set
forth in SEQ 1D NO:59), the KO encoded by the codon-optimized nucleotide sequence set forth
in SEQ ID NO:63, or the KO encoded by the codon-optimized nucleotide sequence set forth in
SEQ ID NO:64. The cytochrome P450 reductase (CPR) polypeptide was selected from the
CPR encoded by the codon-optimized nuclectide sequence set forth in SEQ 1D NO:66 or the
CPR encoded by the codon-optimized nucleotide sequence set forth in SEQ ID NO:67. Values

displayed on the y-axis are uM concentrations of the indicated steviol glycosides. See Example

6.

[0046] Figure 13 shows production of steviol-13-O-glucoside (13-SMG) and rubusoside in a
steviol glycoside-producing S. cerevisiae strain expressing SrKAHe1l (encoded by the
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nucleotide sequence set forth in SEQ ID NO:18), the KAH encoded by the nucleotide sequence
set forth in SEQ 1D NO:80, or the KAH encoded by the codon-optimized nuclectide sequence
set forth in SEQ ID NO:81. Values displayed in the y-axis are uM concentrations of 13-SMG
and rubusoside, averaged over eight biological replicates and normalized to ODgy measured

using a plate reader. Error bars are % the respective standard deviation. See Example 7.

[0047] Figure 14 shows cytochrome P450 reductase (CPR) polypeptide activity on
cytochrome ¢ upon incubation with microsomal protein prepared from S. cerevisiae strains
expressing SrKAHe1 (encoded by the nucleotide sequence set forth in SEQ 1D NO:18) alone or
in combination with CPR1 (encoded by the nuclectide sequence set forth in SEQ ID NO:61) or
CPR12 (encoded by the nucleotide sequence set forth in SEQ ID NO:97). Results are shown in

U/mg as an average of two biological replicates. See Example 9.

[0048] Figure 15A shows steviol accumulation upon 30 min incubation of ent-kaurenoic acid
with microsomal protein prepared from S. cerevisiae strains expressing SrKAHe1 (encoded by
the nucleotide sequence set forth in SEQ ID NO:18) alone or in combination with CPR1
(encoded by the nucleotide sequence set forth in SEQ ID NO:61) or CPR12 (encoded by the
nucleotide sequence set forth in SEQ ID NO:97). Results are shown in AUC as an average of
three biological replicates. Control reactions comprised the microsomal protein described
above, but these were not incubated for 30 min prior to measurement of steviol accumulation.
Figure 15B shows levels of ent-kaurenocic acid following 30 min incubation of ent-kaurenoic acid
with microsomal protein prepared from S. cerevisiae strains expressing SrKAHe1 (encoded by
the nucleotide sequence set forth in SEQ ID NO:18) alone or in combination with CPR1
(encoded by the nuclectide sequence set forth in SEQ ID NO:61) or CPR12 (encoded by the
nucleotide sequence set forth in SEQ ID NO:97). Results are shown in uM as an average of
three biological replicates. Control reactions comprised the microsomal protein described
above but were not incubated for 30 min prior to measurement of ent-kaurenocic acid levels.

See Example 9.

[0049] Figure 16 shows steviol-13-O-glucoside (13-SMG), 1,2-bioside, Rebaudioside B
{(RebB), ent-kaurenoic acid, and ent-kaurene levels accumulated by a steviol glycoside-
producing S. cerevisiae strain expressing SrKO1 (SEQ ID NO:59, SEQ ID NO:79), a KO
encoded by the nucleotide sequence set forth in SEQ ID NO:65, or a fusion construct between
either SrKO1 or the KO encoded by the nucleotide sequence set forth in SEQ ID NO:65 and the
NADPH-dependent P450 oxidoreductase domain of CYP102A1 (referred to herein as the “BMR
domain”). Figure 16A shows levels of 13-SMG, 1,2-bioside, and RebB measured by LC-MS for
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a steviol glycoside-producing S. cerevisiae strain expressing SrKO1 (SEQ ID NO:59, SEQ ID
NO:79), a fusion construct of SrKO1 and BMR (SEQ ID NO:99, SEQ ID NO:100), a fusion
construct of SrKO1 and BMR W1046A (SEQ ID NO:101, SEQ ID NO:102), a fusion construct of
truncated SrKO1 and BMR (SEQ ID NO:103, SEQ ID NO:104), a fusion construct of truncated
SrKO1 and BMR W1046A (SEQ ID NO:105, SEQ ID NO:106), or a control plasmid. Figure 16B
shows levels of ent-kaurenoic acid and ent-kaurene measured by LC-UV for a steviol glycoside-
producing S. cerevisiae strain expressing SrKO1 (SEQ ID NO:59, SEQ ID NO:79), a fusion
construct of SrKO1 and BMR (SEQ 1D NO:89, SEQ ID NO:100), a fusion construct of SrKO1
and BMR W1046A (SEQ ID NO:101, SEQ ID NO:102), a fusion construct of truncated SrkKO1
and BMR (SEQ 1D NO:103, SEQ 1D NO:104), a fusion construct of truncated SrKO1 and BMR
W1046A (SEQ ID NO:1056, SEQ ID NQO:108), or a control plasmid. Figure 16C shows levels of
13-SMG, 1,2-bioside, and RebB measured by LC-MS for a steviol glycoside-producing S.
cerevisiae strain expressing the KO encoded by the nuclectide sequence set forth in SEQ ID
NO:65, a fusion construct of the KO encoded by the nuclectide sequence set forth in SEQ ID
NO:65 and BMR (SEQ ID NO:107, SEQ ID NO:108), a fusion construct of the KO encoded by
the nuclectide sequence set forth in SEQ ID NO:65 and BMR W1046A (SEQ 1D NO:109, SEQ
ID NO:110), a fusion construct of a truncated KO encoded by the nucleotide sequence set forth
in SEQ ID NO:65 and BMR W1046A (SEQ ID NO:111, SEQ ID NO:112), or a plasmid control.
Figure 16D shows levels of ent-kaurenoic acid or ent-kaurene accumulated by a steviol
glycoside-producing S. cerevisiae strain expressing the KO encoded by the nucleotide
sequence set forth in SEQ ID NO:85, a fusion construct of the KO encoded by the nuclectide
sequence set forth in SEQ ID NO:65 and BMR (SEQ ID NO:107, SEQ 1D NO:108), a fusion
construct of the KO encoded by the nucleotide sequence set forth in SEQ ID NO:65 and BMR
W1046A (SEQ ID NO:108, SEQ ID NO:110), a fusion construct of a truncated KO encoded by
the nucleotide sequence set forth in SEQ 1D NO:65 and BMR W1046A (SEQ ID NO:111, SEQ
ID NO:112), or a plasmid control. See Example 10.

DETAILED DESCRIPTION OF THE INVENTION

[0050] 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

nucleic acids.
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[0051] 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.

[0052] 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.

[0053] Methods well known to those skilled in the art can be used to construct genetic
expression constructs and recombinant cells according to this invention. These methods include
in vitro recombinant DNA technigues, synthetic techniques, in vivo recombination techniques,
and polymerase chain reaction (PCR) techniques. See, for example, techniques as described in
Green & Sambrook, 2012, MOLECULAR CLONING: A LABORATORY MANUAL, Fourth
Edition, Cold Spring Harbor Laboratory, New York; Ausubel ef al, 1989, CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing Associates and Wiley
Interscience, New York, and PCR Protocols: A Guide to Methods and Applications (Innis ef al.,

1990, Academic Press, San Diego, CA).

[0054] As used herein, the terms “polynucleotide”, “nuclectide”, “oligonucleotide”, and
“nucleic acid” can be used interchangeably to refer to nucleic acid comprising DNA, RNA,

derivatives thereof, or combinations thereof.

[0055] As used herein, the terms “microorganism,” “microorganism host,” “microorganism
host cell,” “recombinant host,” and “recombinant host cell” can be used interchangeably. As
used herein, the term “recombinant host” is intended to refer to a host, the genome of which has
been augmented by at least one DNA sequence. Such DNA sequences include but are not
limited to genes that are not naturally present, DNA sequences that are not normally transcribed
into RNA or translated into a protein (“expressed”), and other genes or DNA sequences which
one desires to introduce into a host. It will be appreciated that typically the genome of a
recombinant host described herein is augmented through stable introduction of one or more
recombinant genes. Generally, introduced DNA is not originally resident in the host that is the

recipient of the DNA, but it is within the scope of this disclosure to isolate a DNA segment from
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a given host, and to subsequently introduce one or more additional copies of that DNA into the
same host, e.g., to enhance production of the product of a gene or alter the expression pattern
of a gene. In some instances, the introduced DNA will modify or even replace an endogenous
gene or DNA sequence by, e.g., homologous recombination or site-directed mutagenesis.

Suitable recombinant hosts include microorganisms.

[0056] As used herein, 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 may 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. 1t 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 some
aspects, said recombinant genes are encoded by ¢cDNA. In other embodiments, recombinant

genes are synthetic and/or codon-optimized for expression in S. cerevisiae.

[0057] As used herein, the term “engineered biosynthetic pathway” refers to a biosynthetic
pathway that occurs in a recombinant host, as described herein. In some aspects, one or more
steps of the biosynthetic pathway do not naturally occur in an unmodified host. In some
embodiments, a heterologous version of a gene is introduced into a host that comprises an

endogenous version of the gene.

[0058] As used herein, the term “endogenocus” gene refers to a gene that originates from
and is produced or synthesized within a particular organism, tissue, or cell. In some
embodiments, the endogenous gene is a yeast gene. In some embodiments, the gene is
endogenous to S. cerevisiae, including, but not limited to S. cerevisiae strain S288C. In some
embodiments, an endogenous yeast gene is overexpressed. As used herein, the term
“overexpress” is used to refer to the expression of a gene in an organism at levels higher than
the level of gene expression in a wild type organism. See, e.g., Prelich, 2012, Genetics
190:841-54. In some embodiments, an endogenous yeast gene is deleted. See, e.g., Giaever
& Nislow, 2014, Genetics 197(2):451-65. As used herein, the terms “deletion,” “deleted,”

“knockout,” and “knocked out” can be used interchangabley to refer to an endogenous gene that
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has been manipulated to no longer be expressed in an organism, including, but not limited to, S.

cerevisias,

[0059] As used herein, the terms ‘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.

[0060] A “selectable marker” can be one of any number of genes that complement host cell
auxotrophy, provide antibiotic resistance, or result in a color change. Linearized DNA fragments
of the gene replacement vector then are introduced into the cells using methods well known in
the art (see below). Integration of the linear fragments into the genome and the disruption of the
gene can be determined based on the selection marker and can be verified by, for example,
PCR or Southern blot analysis. Subsequent to its use in selection, a selectable marker can be
removed from the genome of the host cell by, e.g., Cre-LoxP systems (see, e.g., Gossen ef al,,
2002, Ann. Rev. Genetics 36:153-173 and U.S. 2006/0014264). Alternatively, a gene
replacement vector can be constructed in such a way as to include a portion of the gene to be
disrupted, where the portion is devoid of any endogenous gene promoter sequence and

encodes none, or an inactive fragment of, the coding sequence of the gene.

[0061] As used herein, the terms “variant” and “mutant” are used to describe a protein
sequence that has been modified at one or more amino acids, compared to the wild-type

sequence of a particular protein.

[0062] As used herein, the term “inactive fragment” is a fragment of the gene that encodes a
protein having, e.g., less than about 10% (e.g., less than about 9%, less than about 8%, less
than about 7%, less than about 6%, less than about 5%, less than about 4%, less than about
3%, less than about 2%, less than about 1%, or 0%) of the activity of the protein produced from
the full-length coding sequence of the gene. Such a portion of a gene is inserted in a vector in
such a way that no known promoter sequence is operably linked to the gene sequence, but that
a stop codon and a transcription termination sequence are operably linked to the portion of the
gene sequence. This vector can be subsequently linearized in the portion of the gene sequence
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and transformed into a cell. By way of single homologous recombination, this linearized vector

is then integrated in the endogenous counterpart of the gene with inactivation thereof.

[0063] As used herein, the term “steviol glycoside” refers to Rebaudioside A (RebA) (CAS #
58543-16-1), Rebaudioside B (RebB) (CAS # 58543-17-2), Rebaudioside C (RebC) (CAS #
63550-99-2), Rebaudioside D (RebD) (CAS # 63279-13-0), Rebaudioside E (RebE) (CAS #
63279-14-1), Rebaudioside F (RebF) (CAS # 438045-89-7), Rebaudioside M (RebM) (CAS #
1220616-44-3), Rubusoside (CAS # 63849-39-4), Dulcoside A (CAS # 64432-06-0),
Rebaudioside | (Rebl) (MassBank Record: FU000332), Rebaudioside Q (RebQ), 1,2-Stevioside
(CAS # 57817-89-7), 1,3-Stevioside (RebG), 1,2-bioside (MassBank Record: FU000299), 1,3-
bioside, Steviol-13-O-glucoside (13-SMG), Steviol-19-O-glucoside (18-SMG), a tri-glucosylated
steviol glycoside, a tetra-glycosylated steviol glycoside, a penta-glucosylated steviol glycoside, a
hexa-glucosylated steviol glycoside, a hepta-glucosylated steviol glycoside, and isomers
thereof. See Figure 2; see also, Steviol Glycosides Chemical and Technical Assessment 68th
JECFA, 2007, prepared by Harriet Wallin, Food Agric. Org.

[0064] As used herein, the terms “steviol glycoside precursor” and “steviol glycoside
precursor compound” are used to refer to intermediate compounds in the steviol glycoside
biosynthetic pathway.  Steviol glycoside precursors include, but are not limited to,
geranylgeranyl diphosphate (GGPP), ent-copalyl-diphosphate, ent-kaurene, ent-kaurenol, ent-
kaurenal, ent-kaurenoic acid, and steviol. See Figure 1. In some embodiments, steviol
glycoside precursors are themselves steviol glycoside compounds. For example, 19-SMG,
rubusoside, stevioside, and RebE are steviol glycoside precursors of RebM. See Figure 2.
Steviol glycosides and/or steviol glycoside precursors can be produced in vivo (ie., in a
recombinant host), in vifro (i.e., enzymatically), or by whole cell bioconversion. As used herein,
the terms “produce” and “accumulate” can be used interchangeably to describe synthesis of
steviol glycosides and steviol glycoside precursors in vivo, in vitro, or by whole cell

bioconversion.

[0065] As used herein, the term “di-glycosylated steviol” can be used fo refer to a steviol
molecule comprising two sugar moieties, such as glucose or N-acetylglucosamine (GlcNAC).
Non-limiting examples of di-glycosvlated steviol molecules include steviol-1,3-bioside, steviol-
1,2-bioside, rubusoside, a steviol molecule comprising two glucose moieties, a steviol molecule

comprising one glucose moiety and one GlcNAc moiety, and isomers thereof.

[0066] As used herein, the term “fri-glycosylated steviol” can be used to refer to a steviol

molecule comprising three sugar moieties, such as glucose or GlcNAc. Non-limiting examples
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of tri-glycosylated steviol molecules include RebB, RebG, stevioside, a steviol molecule

comprising two glucose moieties and one GlcNAc moiety, and isomers thereof.

[0067] As used herein, the term “tetra-glycosylated steviol” can be used to refer to a steviol
molecule comprising four sugar moieties, such as glucose or GIlcNAc. Non-limiting examples of
tetra-glycosylated steviol molecules include RebA, RebE, RebQ, a steviol molecule comprising
four glucose moieties, a steviol molecule comprising three glucose moieties and one GlcNAc

moiety, and isomers thereof.

[0068] As used herein, the term “penta-glycosylated steviol” can be used to refer to a steviol
molecule comprising five sugar moieties, such as glucose or GlcNAc. Non-limiting examples of
penta-glycosylated steviol molecules include RebD, a steviol molecule comprising five glucose
moieties, a steviol molecule comprising four glucose moieties and one GlcNAc moiety, and

isomers thereof.

[0069] As used herein, the term "hexa-glycosylated steviol” can be used to refer to a steviol
molecule comprising six sugar moieties, such as glucose or GlcNAc. Non-limiting examples of
hexa-glycosylated steviol molecules include RebM, a steviol molecule comprising six glucose
moieties, a steviol molecule comprising five glucose moieties and one GlcNAc moiety, and

isomers thereof.

[0070] As used herein, the term “hepta-glycosylated steviol” can be used to refer to a steviol
molecule comprising seven sugar moieties, such as glucose or GlcNAc. Non-limiting examples
of hepta-glycosylated steviol molecules include a steviol molecule comprising seven glucose

moieties and isomers thereof.

[0071] As used herein, the term “glycosylated ent-kaurenoic acid” can be used to refer to an
ent-kaurenoic acid molecule comprising sugar moieties, such as glucose or GlcNAc. Non-
limiting examples of glycosylated ent-kaurenoic acid molecules include ent-kaurenoic acid
molecule comprising two glucose moieties and one GIcNAc moiety, an ent-kaurenoic acid
molecule comprising three glucose moieties, an ent-kaurenoic acid molecule comprising one
glucose moiety and one GlcNAc moiety, an ent-kaurenoic acid molecule comprising two glucose

moieties, and isomers thereof.

[0072] As used herein, the term “glycosylated ent-kaurenol” can be used to refer to an ent-
kaurenol molecule comprising sugar moieties, such as glucose or GlcNAc. Non-limiting
examples of glycosylated ent-kaurenol molecules include an ent-kaurenol molecule comprising

three glucose moieties, an ent-kaurenol molecule comprising one glucose moiety and one
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GlcNAc moiety, an ent-kaurenol molecule comprising two glucose moieties, and isomers

thereof,

[0073] Recombinant steviol glycoside-producing Saccharomyces cerevisiae (S. cerevisiae)
strains are described in WO 2011/153378, WO 2013/022889, WO 2014/122227, and WO
2014/122328. Methods of producing stevicl glycosides in recombinant hosts, by whole cell bio-
conversion, and in vitro are also described in WO 2011/153378, WO 2013/022989, WO
2014/122227, and WO 2014/122328.

[0074] in some embodiments, steviol glycosides and/or steviol glycoside precursors are
produced in vivo through expression of one or more enzymes involved in the steviol glycoside
biosynthetic pathway in a recombinant host. For example, a steviol-producing recombinant host
expressing one or more of a gene encoding a GGPPS polypeptide, a gene encoding a CDPS
polypeptide, a gene encoding a KS polypeptide, a gene encoding a KO polypeptide, a gene
encoding a KAH polypeptide, a gene encoding a CPR polypeptide, and a gene encoding a UGT
polypeptide can produce a steviol glycoside and/or steviol glycoside precursors in vivo. See,
e.qg., Figures 1 and 2. The skilled worker will appreciate that one or more of these genes can be
endogenous to the host provided that at least one (and in some embodiments, all) of these

genes is a recombinant gene introduced into the recombinant host.

[0075] In another example, a recombinant host expressing a gene encoding a GGPPS
polypeptide, a gene encoding a CDPS polypeptide, a gene encoding a KS polypeptide, a gene
encoding a KO polypeptide, a gene encoding a KAH polypeptide, and a gene encoding a CPR
polypeptide can produce steviol in vivo. See, e.g., Figures 1. The skilled worker will appreciate
that one or more of these genes can be endogenous to the host provided that at least one (and
in some embodiments, all) of these genes is a recombinant gene introduced into the

recombinant host.

[0076] In another example, a steviol-producing recombinant host expressing a gene
encoding a GGPPS polypeptide, a gene encoding a CDPS polypeptide, a gene encoding a KS
polypeptide, a gene encoding a KO polypeptide, a gene encoding a KAH polypeptide, a gene
encoding a CPR polypeptide, and one or more of a gene encoding a UGT polypeptide can
produce a steviol glycoside in vivo. See, e.g., Figures 1 and 2. The skilled worker will
appreciate that one or more of these genes can be endogenous to the host provided that at
least one (and in some embodiments, all) of these genes is a recombinant gene introduced into

the recombinant host.
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[0077] Non-limiting examples of KS polypeptides are set forth in SEQ ID NOs:1-4 and SEQ
ID NO:6. Non-limiting examples of KO polypeptides are set forth in SEQ 1D NOs:7-10, 54, 70-
72, 75, and 77-79. Non-limiting examples of KAH polypeptides are set forth in SEQ ID NOs:13-
17, 68, 82, and 91. Non-limiting examples of CPR polypeptides are set forth in SEQ ID NOs:20-
22,28, 69, 73, 74, 76, 87, and 98. Non-limiting examples of CDPS polypeptides are set forth in
SEQ ID NOs:33-39. Non-limiting examples of CDPS-KS polypeptides are set forth in SEQ ID
NOs:40-42. Non-limiting examples of GGPPS polypeptides are set forth in SEQ 1D NOs:43-50.

[0078] In some embodiments, a recombinant host comprises a nucleic acid encoding a
UGT85C2 polypeptide (SEQ ID NO:32), a nucleic acid encoding a UGT76G1 polypeptide (SEQ
ID NO:83), a nucleic acid encoding a UGT74G1 polypeptide (SEQ ID NO:29), a nucleic acid
encoding a UGT91D2 polypeptide, and/or a nucleic acid encoding a EUGT11 polypeptide (SEQ
D NO:86). In some aspects, the UGT31D2 polypeptide can be a UGT91D2e polypeptide (SEQ
ID NO:84) or a UGT91D2e-b polypeptide (SEQ ID NO:88). The skilled worker will appreciate
that expression of these genes may be necessary to produce a particular steviol glycoside but
that one or more of these genes can be endogenous to the host provided that at least one (and
in some embodiments, all) of these genes is a recombinant gene introduced into the
recombinant host. In a particular embodiment, a steviol-producing recombinant microorganism
comprises exogenous nucleic acids encoding UGT85C2, UGT76G1, or UGT91D2 polypeptides.
In another particular embodiment, a steviol-producing recombinant microorganism comprises
exogenous nucleic acids encoding UGT85C2, UGT76G1, UGT74G1, and UGT91D2
polypeptides. In yet another particular embodiment, a steviol-producing recombinant
microorganism comprises exogenous nucleic acids encoding UGT85C2, UGT76G1, UGT74G1,
and EUGT11 polypeptides. In yet another particular embodiment, a steviol-producing
recombinant microorganism comprises the exogenous nucleic acids encoding UGT85C2,
UGT78G1, UGT74G1, UGT91D2 (including inter alia 91D2e, 91D2m, 91D2e-b, and functional
homologs thereof), and EUGT11 polypeptides.

[0079] In certain embodiments, the steviol glycoside is RebA, RebB, RebD, and/or RebM.
RebA can be synthesized in a steviol-producing recombinant microorganism expressing
UGT85C2, UGT76G1, UGT74G1, and UGT91D2. RebB can be synthesized in a steviol-
producing recombinant microorganism expressing UGT85C2, UGT76G1, and UGT91D2. RebD
can be synthesized in a steviol-producing recombinant microorganism expressing UGT85C2,
UGT76G1 UGT74G1, and UGT91D2 and/or EUGT11. RebM can be synthesized in a steviol-
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producing recombinant microorganism expressing UGT85C2, UGT76G1, UGT74G1, and
UGT91D2 and/or EUGT11 (see Figure 2).

[0080] In some embodiments, steviol glycosides and/or steviol glycoside precursors are
produced through contact of a steviol glycoside precursor with one or more enzymes involved in
the steviol glycoside pathway in vitro. For example, contacting steviol with a UGT polypeptide
can result in production of a steviol glycoside in vitro. In some embodiments, a steviol glycoside
precursor is produced through contact of an upstream steviol glycoside precursor with one or
more enzymes involved in the steviol glycoside pathway in vifro. For example, contacting ent-

kaurenoic acid with a KAH enzyme can result in production of steviol in vitro.

[06081] in some embodiments, a steviol glycoside or steviol glycoside precursor is produced
by whole cell bioconversion. For whole cell bioconversion o occur, a host cell expressing one
or more enzymes involved in the steviol glycoside pathway takes up and modifies a steviol
glycoside precursor in the cell; following modification in vivo, a steviol glycoside remains in the
cell and/or is excreted into the culture medium. For example, a host cell expressing a gene
encoding a UGT polypeptide can take up steviol and glycosylate steviol in the cell; following
glycosylation in vivo, a steviol glycoside can be excreted into the culture medium. I[n some
embodiments, the cell is permeabilized to take up a substrate to be modified or to excrete a

modified product.

[0082] In some embodiments, steviol, one or more steviol glycoside precursors, and/or one
or more steviol glycosides are produced by co-culturing of two or more hosts. In some
embodiments, one or more hosts, each expressing one or more enzymes involved in the steviol
glycoside pathway, produce steviol, one or more steviol glycoside precursors, and/or one or
more steviol glycosides. For example, a host comprising a GGPPS, a CDPS, a KO, a KS, a
KAH, and/or a CPR and a host comprising one or more UGTs produce one or more steviol

glycosides.

[0083] In some embodiments, a steviol glycoside or steviol glycoside precursor composition
produced in vivo, in vitro, or by whole cell bioconversion comprises less contaminants than a
stevia extract from, inter alia, a stevia plant. Contaminants include plant-derived compounds
that contribute to off-flavors. Potential contaminants include pigments, lipids, proteins,
phenolics, saccharides, spathulenol and other sesquiterpenes, labdane diterpenes,
monoterpenes, decanocic acid, 8,11,14-eicosatrienocic acid, 2-methyloctadecane, pentacosane,

octacosane, tetracosane, octadecanol, stigmasterol, B-sitosterol, a-amyrin, §-amyrin, lupeol, B-
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amryin acetate, pentacyclic triterpenes, centauredin, quercitin, epi-alpha-cadinol, carophyllenes

and derivatives, beta-pinene, beta-sitosterol, and gibberellin.

[0084] As used herein, the terms “detectable amount,” “detectable concentration,”
“measurable amount,” and “measurable concentration” refer to a level of steviol glycosides
measured in AUC, uM/ODgy, mg/l, pM, or mM. Steviol glycoside production (ie., 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).

[0085] As used herein, the term “undetectable concentration” refers to a level of a
compound that is too low to be measured and/or analyzed by techniques such as TLC, HPLC,
UV-Vis, MS, or NMR. In some embodiments, a compound of an “undetectable concentration” is

not present in a steviol glycoside or steviol glycoside precursor composition.

[06086] As used herein, the terms “or" and “and/or is utilized to describe multiple

components in combination or exclusive of one another. For example, “x, y, and/or 2" can refer

LI} #ou

y" alone, “z" alone, “x, y, and z,” “(x and y) or z,” "x or (y and z),” or “xoryor z.” In

to “x” alone,
some embodiments, “and/or” is used {o 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 steviol
glycosides and/or steviol glycoside precursors. In some embodiments, “and/or” is used to refer
to production of steviol glycosides, wherein one or more steviol glycosides are produced. In
some embodiments, “and/or” is used to refer to production of steviol glycosides, wherein one or
more steviol glycosides are produced through one or more of the following steps: culturing a
recombinant microorganism, synthesizing one or more steviol glycosides in a recombinant

microorganism, and/or isolating one or more steviol glycosides.

[0087] in some embodiments, the nucleotide sequence of a nucleic acid encoding a KO
polypeptide is set forth in SEQ ID NO: 55, SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ
ID NO:59, or SEQ ID NO:60, SEQ D NO:63, SEQ ID NO:64, or SEQ ID NO:65. In some
aspects, the nucleic acid encoding the KO polypeptide has at least 70% identity to the
nucleotide sequence set forth in SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:59 or SEQ ID
NO:60, at least 80% identity to the nucleotide sequence set forth in SEQ ID NO:56 or SEQ ID
NO:58, at least 95% identity to the nucleotide sequence set forth in SEQ ID NO:63, or at least
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75% identity to the nuclectide sequence set forth in SEQ 1D NO:64 or SEQ ID NO:65. In some
embodiments, the amino acid sequence of a KO enzyme is set forth in SEQ ID NO:54, SEQ ID
NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NO:78, OR
SEQ ID NO:79. In some embodiments, a host cell comprises one or more copies of one or

more nucleic acids encoding a KO polypeptide.

[0088] In some embodiments, expression of a KO gene set forth in SEQ ID NO:55 or SEQ
ID NO:56 in a RebB-producing S. cerevisiae strain results in higher production of RebB
compared to expression of SrKO1 (SEQ ID NO:59, SEQ ID NO:79) in a RebB-producing S.

cerevisiae strain. See Example 3.

[0089] In some embodiments, expression of a KO gene set forth in SEQ ID NO:55, SEQ ID
NO:56, or SEQ ID NO:57 in an S. cerevisiae strain capable of producing RebB with a functional

KO results in production of ent-kaurenoic acid. See Example 3.

[0090] As used herein, the terms “ent-kaurenoic acid hydroxylase” and “steviol synthase”
can be used interchangeably and be abbreviated "KAH.” In some embodiments, the nuclectide
sequence of a nucleic acid encoding a KAH enzyme is set forth in SEQ ID NO:18, SEQ ID
NO:80, SEQ ID NO:81, SEQ ID NO:90, or SEQ ID NO:96. In some aspects, the nucleic acid
encoding the KAH polypeptide has at least 75% identity to a nucleoctide sequence set forth in
SEQ ID NO:80; or at least 70% identity to a nuclectide sequence set forth in SEQ 1D NO:18,
SEQ ID NO:81, SEQ ID NO:90, or SEQ ID NO:96. In some embodiments, the amino acid
sequence of a KAH enzyme is set forth in SEQ ID NO:68, SEQ 1D NO:82, or SEQ ID NO:91. In
some embodiments, a host cell comprises one or more copies of one or more nucleic acids

encoding a KAH enzyme.

[0091] in some embodiments, one or more copies of SrKAHe1 (SEQ ID NO:18, SEQ ID
NO:68) are expressed in an S. cerevisiae strain. For example, in some embodiments, two
copies of SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68) are expressed in an S. cerevisiae strain.

[0092] In some embodiments, the nucleotide sequence of a nucleic acid encoding a KAH
enzyme is set forth in SEQ ID NO:80. The nucleic acid of SEQ ID NO:80 encodes a KAH with
an amino acid sequence set forth in SEQ 1D NO:82. A version of SEQ ID NO:80 codon-
optimized for expression in S. cerevisiae is set forth in SEQ 1D NO:81. In some embodiments, a
host cell comprises one or more copies of one or more nucleic acids encoding a KAH enzyme.

See Example 7.
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[0093] In some embodiments, SrKAHe1 (SEQ ID NO:18, SEQ ID NQO:68) and either the
KAH encoded by the nucleotide sequence set forth in SEQ ID NO:80 or the KAH encoded by
the codon-optimized nucleotide sequence set forth in SEQ ID NO:81 are co-expressed in a
steviol glycoside-producing S. cerevisiae strain. In some embodiments, co-expression of
SrkAHe1 (SEQ ID NO:18, SEQ ID NO:68) and either the KAH encoded by the nucleotide
sequence set forth in SEQ ID NO:80 or the KAH encoded by the codon-optimized nucleotide
sequence set forth in SEQ ID NO:81 in a steviol glycoside-producing strain results in higher
production of steviol glycosides compared to a control steviol glycoside-producing strain or a
steviol glycoside producing strain overexpressing SrkKAHe1. See Example 7 and Table 6. In
some aspects, overexpressing SriKAHe1 results in production of 85.5 yM 13-SMG, expression
of SrkAHe1 and the KAH encoded by the nucleotide set forth in SEQ ID NO:80 results in
production of 153.8 yM 13-SMG, and expression of SrKAHe1 and the KAH encoded by the
nucleotide set forth in SEQ ID NO:81 results in production of 130.5 uM 13-SMG.

[0094] In some embodiments, a KO gene is expressed in a steviol glycoside-producing S.
cerevisiae strain that further overexpresses SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68). In
some embodiments, expression of a KO gene of SEQ ID NO:55, SEQ ID NO:56, SEQ ID
NO:57, SEQ ID NO:58, SEQ ID NO:59, or SEQ ID NO:60, SEQ ID NO:65 in a steviol glycoside-
producing S. cerevisiae strain overexpressing SrkKAHe1 results in higher expression of steviol
glycosides compared to a control steviol-glycoside producing strain or a steviol glycoside-
producing strain overexpressing SrkKAHe1 (SEQ ID NO:18, SEQ ID NO:68). See Example 4.

[0095] In some embodiments, expression of a KO gene of SEQ ID NO:55, SEQ ID NO:56,
SEQ ID NO:57, or SEQ ID NO:60 in a steviol glycoside-producing S. cerevisiae strain
overexpressing SrKAHe1l (SEQ ID NO:18, SEQ ID NO:68) results in higher levels of
glycosylated ent-kaurenoic acid compared to a control S. cerevisiae strain. See Example 4.

[0096] In some embodiments, expression of a KO gene of SEQ ID NO:55, SEQ ID NO:56,
SEQ ID NO:57, SEQ ID NO:59, or SEQ ID NO:60 in a steviol glycoside-producing S. cerevisiae
strain overexpressing SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68) results in improved metabolic
conversion of a glycosylated ent-kaurenol intermediate compound relative to a control S.
cerevisiae strain or a steviol glycoside-producing S. cerevisiae strain overexpressing SrkKAHe1
(SEQ ID NO:18, SEQ ID NO:68). See Example 4.

[0087] In some embodiments, a KAH is a Prunus KAH, such as a Prunus avium, Prunus
mume, or Prunus persica KAH. In some embodiments, a KAH is a KAH of the CYP72A218 or

CYP71A219-like family. In some embodiments, the nucleotide sequence of a nucleic acid
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encoding a KAH enzyme is set forth in SEQ ID NO:90 or SEQ ID NO:96. The nucleic acids of
SEQ ID NO:80 and SEQ ID NO:96 encode a KAH from Prunus avium with an amino acid
sequence set forth in SEQ ID NO:91. In some embodiments, a KAH polypeptide is a
polypeptide with an amino acid sequence set forth in SEQ ID NO:92, SEQ ID NO:93, SEQ ID
NO:94, or SEQ ID NO:95. In some embodiments, a KAH polypeptide is a KAH polypeptide with
at least 50% sequence identily to an amino acid sequence set forth in SEQ 1D NO:81, SEQ ID
NO:92, SEQ 1D NO:93, SEQ ID NO:94, or SEQ ID NO:85. In some embodiments, expression
of a gene encoding a polypeptide having at least 50% sequence identity to an amino acid
sequence set forth in SEQ 1D NO:91, SEQ 1D NO:92, SEQ ID NO:93, SEQ ID NO:84, or SEQ
ID NO:95 in a recombinant host results in production of a steviol glycoside or steviol glycoside

precursor, such as 13-SMG and/or rubusoside. See Example 8.

[0098] In some embodiments, the nuclectide sequence of the nucleic acid encoding a CPR
enzyme is set forth in SEQ D NO:23, SEQ ID NO:51, SEQ ID NO:61, SEQ ID NO:62, SEQ ID
NO:66, SEQ ID NO:67, or SEQ ID NO:97. In some aspects, the nucleic acid encoding the CPR
polypeptide has at least 75% identity to the nucleotide sequence set forth in SEQ ID NQO:23,
SEQ ID NO:681, or SEQ ID NO:62, or at least 70% identity to the nucleotide sequence set forth
in SEQ ID NO:24, SEQ ID NO:66, SEQ 1D NO:67, SEQ ID NO:51, or SEQ ID NO:87. In some
embodiments, the amino acid sequence of the CPR enzyme is set forth in SEQ ID NO:22, SEQ
ID NO:28, SEQ ID NO:69, SEQ ID NO:73, SEQ ID NO:74, or SEQ ID NO:76, SEQ ID NO:87, or
SEQ ID NO:98. In some embodiments, a host cell comprises one or more copies of one or

more nucleic acids encoding a CPR enzyme.

[0099] In a non-limiting example, SrkKAHe1 is activated by the S. cerevisiae CPR encoded
by gene NCP1 (YHRO042W). Enhanced activation of the KAH encoded by SrKAHe1 is observed
when the Arabidopsis thaliana CPR encoded by the gene ATR2 (SEQ ID NO:51) or the S.
rebaudiana CPR encoded by the genes CPR7 (SEQ ID NO:23) or CPR8 (SEQ ID NO:24, SEQ
ID NO:28) are co-expressed in a recombinant cell. Amino acid sequences of the A. thaliana
polypeptides ATR1 and ATR2 are set forth in SEQ ID NO:25 and SEQ ID NO:26, respectively.
The S. rebaudiana polypeptides CPR7 and CPRS8 are set forth in SEQ 1D NO:27 and SEQ ID
NQO:28, respectively.

[00100] In some embodiments, expression of CPR1 (SEQ ID NO:61, SEQ ID NO:76) or of
CPRY in the steviol glycoside-producing S. cerevisiae strain co-expressing S. rebaudiana CPR8
(SEQ ID NO:24, SEQ ID NO:28) and A. thaliana ATR2 (SEQ 1D NO:51) results in higher levels

of RebM compared to a control steviol glycoside-producing S. cerevisiae strain expressing S.
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rebaudiana CPR8 (SEQ ID NO:24, SEQ ID NO:28) and A. thaliana ATR2 (SEQ ID NO:51). In
some embodiments, expression of the CPR set forth in SEQ ID NO:62 in a steviol glycoside-
producing S. cerevisiae strain overexpressing SrkAHe1 (SEQ ID NO:18, SEQ ID NO:68) results
in higher levels of RebM compared to a steviol glycoside-producing S. cerevisiae strain that
does not express the nucleic acid set forth in SEQ ID NO:62 or overexpress SrKAHe1. See

Example 5.

[00101] In some embodiments, co-expression of STKO1 (SEQ ID NO:59, SEQ ID NO:79) and
a CPR gene of SEQ ID NO:66 or SEQ ID NO:77 in a RebB-producing strain results in higher
production of 13-SMG and RebB than co-expression of a KO gene of SEQ ID NO:63 or SEQ ID
NO:64 and a CPR gene of SEQ ID NO:66 or SEQ ID NO:77. See Example 6.

[00102] In some embodiments, CPR1 (SEQ ID NO:61, SEQ ID NO:76) or CPR12 (SEQ ID
NO:97, SEQ ID NO:98) activates cytochrome c. In some embodiments, CPR1 (SEQ ID NO:61,
SEQ ID NO:76) or CPR12 (SEQ ID NO:97, SEQ ID NO:98) in the presence of SrKAHe1 (SEQ
ID NO:18, SEQ ID NO:68) activate cytochrome c. In some embodiments, CPR1 (SEQ ID
NO:61, SEQ ID NO:76) or CPR12 (SEQ ID NO:97, SEQ ID NO:98) regulate conversion of ent-
kaurenoic acid to steviol. In some embodiments, CPR1 (SEQ 1D NO:61, SEQ ID NO:76) or
CPR12 (SEQ ID NO:97, SEQ ID NO:98) in combination with SrKAHe1 (SEQ ID NO:18, SEQ ID
NO:68) convert ent-kaurenoic acid to steviol. In some embodiments, steviol production is
detected upon incubation of ent-kaurenoic acid with microsomal protein prepared from S.
cerevisiae strains expressing CPR1 (SEQ ID NO:61, SEQ ID NO:76) or CPR12 (SEQ ID NO:97,
SEQ ID NO:98) in combination with StKAHe1 (SEQ ID NO:18, SEQ ID NO:68). In some
embodiments, expression of CPR1 (SEQ ID NO:61, SEQ ID NO:76) or CPR12 (SEQ ID NO:97,
SEQ ID NO:98) in a recombinant host results in production of a steviol glycoside or steviol

glycoside precursor. See Example 9.

[00103] In some embodiments, a steviol glycoside-producing strain expresses a fusion
construct comprising a KO and the NADPH-dependent P450 oxidoreductase domain of
CYP102A1, referred to herein as "BMR.” The codon-optimized nuclecotide sequence encoding
the BMR polypeptide is set forth in SEQ ID NO:117; the BMR amino acid sequencs is set forth
in SEQ ID NG:118. In some embodiments, BMR is a mutant BMR, including, but not limited to a
BMR W1046A mutant (SEQ ID NO:119, SEQ ID NO:120). The BMR mutant can be specific for
NADH. In some embodiments, the KO-BMR fusion construct comprises a linker (SEQ ID
NO:121, SEQ ID NO:122). In some embodiments, the KO of the fusion construct is SrKO1
(SEQ ID NO:59, SEQ ID NO:79) or the KO encoded by the nucleotide sequence set forth in
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SEQ ID NO:65 (corresponding to the amino acid sequence set forth in SEQ ID NO:75). Insome
embodiments, the KO of the fusion construct is a truncated KO. Exemplary KO-BMR fusion
constructs are set forth in SEQ ID NOs:99-112. See Example 10.

[00104] In some embodiments, expression of SrKO1-BMR fusion constructs (SEQ ID
NOs:98-108) in a steviol glycoside-producing strain results in an increase in ent-kaurenoic acid,
13-SMG, and RebB levels, compared to expression of SrKO1 (SEQ ID NO:58, SEQ ID NO:79)
in a steviol glycoside-producing strain. In some embodiments, expression of a fusion construct
(SEQ ID NO:107, SEQ ID NO:108) in a steviol glycoside-producing strain results in greater
conversion of ent-kaurene to ent-kaurenoic acid and greater conversion of ent-kaurenoic acid to
13-SMG, compared to expression of the KO encoded by the nucleotide sequence set forth in
SEQ ID NO:65 in a steviol glycoside-producing strain. In some embodiments, expression of a
fusion construct comprising the KO encoded by the nucleotide sequence set forth in SEQ ID
NO:65 and the W1046A mutant BMR (SEQ ID NO:109, SEQ ID NO:110) results in incrased ent-

kaurenoic acid levels. See Figure 16 (B and D) and Example 10.

[00105] In some embodiments, a steviol glycoside-producing strain comprises inheritance of
cortical ER protein 2 (ICE2; SEQ ID NO:113, SEQ ID NO:114). ICE2 is also referred to as
YILOSOW. In some aspects, ICE2 is overexpressed. ICE2 can be expressed in a strain
comprising CPR1 (SEQ ID NO:61, SEQ ID NO:78) and/or CPR12 (SEQ ID NO:97, SEQ ID
NO:98). In some embodiments, a steviol glycoside-producing strain comprises two copies of
ICE2. In some embodiments, expression of ICE2 increases ent-kaurene metabolism (resulting
in decreased accumulation of ent-kaurene, ent-kaurenol, ent-kaurenal, and ent-kaurenol
glycosides), resulting in increased accumulation of steviol glycosides, compared to a control

strain. See Table 10 and Example 11.

[00106] In some embodiments, expression of the KO encoded by nucleotide sequence set
forth in SEQ ID NO:56 in a steviol glycoside-producing strain cultivated by fermentation results
in a lower accumulation of ent-kaurene compounds, compared to a control steviol glycoside-
producing sfrain. In some aspects, higher levels of ent-kaurenoic acid and steviol glycosides
result, as compared to a control strain. In some embodiments, expression of the KAH encoded
by nucleotide sequence set forth in SEQ ID NO:80, the KO encoded by nucleotide sequence set
forth in SEQ ID NOQO:56, and the KO encoded by nuclectide sequence set forth in SEQ ID NO:65
in a steviol glycoside-producing strain cultivated by fermentation results in decreased
accumulation of ent-kaurene, ent-kaurenol, ent-kaurenal, ent-kaurenol glycosides, ent-kaurenoic

acid, and ent-kaurenoic acid glycosides and increased production of steviol glycosides, as
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compared to a control strain. In some embodiments, expression of CPR12 (SEQ ID NO:97,
SEQ ID NO:98), the KAH encoded by nuclectide sequence set forth in SEQ ID NO:80, and the
KO encoded by nucleotide sequence set forth in SEQ ID NO:56 cultivated by fermentation
results in decreased ent-kaurene, ent-kaurenol, ent-kaurenal, ent-kaurencl glycosides, ent-
kaurenoic acid, and ent-kaurenoic acid glycosides accumulation and higher levels of steviol

glycosides, as compared to a control strain. See Table 12 and Example 12.

Functional Homologs

[00107] 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
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, infer alia, directed evolution techniques, 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 subceliular 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.

[00108] 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 KO, KAH, or CPR 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.
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Amino acid sequence similarity allows for conservative amino acid substitutions, such as
substitution of one hydrophobic residue for ancther 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. In some embodiments, nucleic
acids and polypeptides are identified from transcriptome data based on expression levels rather

than by using BLAST analysis.

[00109] 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 ef 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-
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 fo identify such homologs.

[00110] Typically, polypeptides that exhibit at least about 40% aminoc 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.

[00111] For example, polypeptides suitable for producing steviol in a recombinant host
include functional homologs of KO, KAH, and CPR.

[00112] WMethods to modify the subsirate specificity of, for example, KO, KAH, or CPR, are
known to those skilled in the art, and include without limitation site-directed/rational mutagenesis
approaches, random directed evolution approaches and combinations in which random
mutagenesis/saturation techniques are performed near the active site of the enzyme. For
example see Osmani et al., 2008, Phytochemistry 70; 325-347.
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[00113] A candidate sequence typically has a length that is from 80% to 200% of the length
of the reference sequence, e.g., 82, 85, 87, 89, 90, 93, 95, 97, 99, 100, 105, 110, 115, 120, 130,
140, 150, 160, 170, 180, 190, or 200% of the length of the reference sequence. A functional
homolog polypeptide typically has a length that is from 95% to 105% of the length of the
reference sequence, e.g., 90, 93, 95, 97, 99, 100, 105, 110, 115, or 120% of the length of the
reference sequence, or any range between. A% identity for any candidate nucleic acid or
polypeptide relative to a reference nucleic acid or polypeptide can be determined as follows. A
reference sequence (e.g., a nucleic acid sequence or an amino acid sequence described
herein) is aligned to one or more candidate sequences using the computer program ClustalW
(version 1.83, default parameters), which aliows alignments of nucleic acid or polypeptide
sequences to be carried out across their entire length (global alignment). Chenna et al., 2003,
Nucleic Acids Res. 31(13):3497-500.

[00114] ClustalW calculates the best match between a reference and one or more candidate
sequences, and aligns them so that identities, similarities and differences can be determined.
Gaps of one or more residues can be inserted into a reference sequence, a candidate
sequence, or both, to maximize sequence alignments. For fast pairwise alignment of nucleic
acid sequences, the following default parameters are used: word size: 2; window size: 4;
scoring method: % age; number of top diagonals: 4; and gap penalty: 5. For multiple alignment
of nucleic acid sequences, the following parameters are used: gap opening penalty: 10.0; gap
extension penalty: 5.0; and weight transitions: yes. For fast pairwise alignment of protein
sequences, the following parameters are used: word size: 1; window size: 5; scoring method:%
age; number of top diagonais: 5; gap penalty: 3. For multiple alignment of protein sequences,
the following parameters are used: weight matrix: blosum; gap opening penalty: 10.0; gap
extension penalty: 0.05; hydrophilic gaps: on; hydrophilic residues: Gly, Pro, Ser, Asn, Asp, GIn,
Glu, Arg, and Lys; residue-specific gap penalties: on. The ClustalW output is a sequence
alignment that reflects the relationship between sequences. ClustalW can be run, for example,
at the Baylor College of Medicine Search Launcher site on the World Wide Web
(searchlauncher.bcm.tmc.edu/muiti-align/multi-align.html) and at the European Bioinformatics
Institute site on the World Wide Web (ebi.ac.uk/clustalw).

[00115] To determine % identity of a candidate nucleic acid or amino acid sequence to a
reference sequence, the sequences are aligned using ClustalW, the number of identical
matches in the alignment is divided by the length of the reference sequence, and the result is
multiplied by 100. It is noted that the % identity value can be rounded to the nearest tenth. For

28



WO 2016/038095 PCT/EP2015/070620

example, 78.11, 78.12, 78.13, and 78.14 are rounded down to 78.1, while 78.15, 78.16, 78.17,
78.18, and 78.19 are rounded up to 78.2.

[00116] It will be appreciated that functional KO, KAH, or CPR proteins can include additional
amino acids that are not involved in the enzymatic activities carried out by the enzymes. In
some embodiments, KO, KAH, or CPR proteins are fusion proteins. The terms “chimera,”
“fusion polypeptide,” “fusion protein,” “fusion enzyme,” “fusion construct,” “chimeric protein,”
“chimeric polypeptide,” “chimeric construct,” 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 KO,
KAH, or CPR polypeptide can 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.

[60117] 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 KO polypeptide is altered by domain swapping. See Example 10.
Steviol and Steviol Glycoside Biosynthesis Nucleic Acids

[00118] A recombinant gene encoding a polypeptide described herein comprises the coding
sequence for that polypeptide, operably linked in sense orientation to one or more regulatory
regions suitable for expressing the polypeptide. Because many microorganisms are capable of
expressing multiple gene products from a polycistronic mRNA, multiple polypeptides can be
expressed under the control of a single regulatory region for those microorganismes, if desired.
A coding sequence and a regulatory region are considered to be operably linked when the

regulatory region and coding sequence are positioned so that the regulatory region is effective
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for regulating transcription or translation of the sequence. Typically, the translation initiation site
of the translational reading frame of the coding sequence is positioned between one and about

fifty nuclectides downstream of the regulatory region for a monocistronic gene.

[00119] In many cases, the coding sequence for a polypeptide described herein is identified
in a species other than the recombinant host, i.e., is a heterologous nucleic acid. Thus, if the
recombinant host is a microorganism, the coding sequence can be from other prokaryotic or
eukaryotic microorganisms, from plants or from animals. In some case, however, the coding
sequence is a sequence that is native to the host and is being reintroduced into that organism.
A native sequence can often be distinguished from the naturally occurring sequence by the
presence of non-natural sequences linked to the exogenous nucleic acid, e.g., non-native
regulatory sequences flanking a native sequence in a recombinant nucleic acid construct. In
addition, stably transformed exogenous nucleic acids typically are integrated at positions other
than the position where the native sequence is found. “Regulatory region” refers to a nucleic
acid having nuclecotide sequences that influence transcription or translation initiation and rate,
and stability and/or mobility of a transcription or translation product. Regulatory regions include,
without limitation, promoter sequences, enhancer sequences, response elements, protein
recognition sites, inducible elements, protein binding sequences, 5" and 3" untranslated regions
(UTRs), transcriptional start sites, termination sequences, polyadenylation sequences, introns,
and combinations thereof. A regulatory region typically comprises at least a core (basal)
promoter. A regulatory region also may include at least one conirol element, such as an
enhancer sequence, an upstream element or an upstream activation region (UAR). A
regulatory region is operably linked to a coding sequence by positioning the regulatory region
and the coding sequence so that the regulatory region is effective for regulating transcription or
translation of the sequence. For example, to operably link a coding sequence and a promoter
sequence, the translation initiation site of the translational reading frame of the coding sequence
is typically positioned between one and about fifty nucleotides downstream of the promoter. A
regulatory region can, however, be positioned as much as about 5,000 nucleotides upstream of
the translation initiation site, or about 2,000 nuclectides upstream of the transcription start site.

[00120] The choice of regulatory regions to be included depends upon several factors,
including, but not limited to, efficiency, selectability, inducibility, desired expression level, and
preferential expression during certain culture stages. It is a routine matter for one of skill in the
art to modulate the expression of a coding sequence by appropriately selecting and positioning
regulatory regions relative to the coding sequence. It will be understood that more than one
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regulatory region may be present, e.g., introns, enhancers, upstream activation regions,

transcription terminators, and inducible elements.

[00121] One or more genes can be combined in a recombinant nucleic acid construct in
“modules” useful for a discrete aspect of steviol and/or steviol glycoside production. Combining
a plurality of genes in a module, particularly a polycistronic module, facilitates the use of the
module in a variety of species. For example, a steviol biosynthesis gene cluster, or a UGT gene
cluster, can be combined in a polycistronic module such that, after insertion of a suitable
regulatory region, the module can be introduced into a wide variety of species. As anocther
example, a UGT gene cluster can be combined such that each UGT coding sequence is
operably linked to a separate regulatory region, to form a UGT module. Such a module can be
used in those species for which monocistronic expression is necessary or desirable. In addition
to genes useful for steviol or steviol glycoside production, a recombinant construct typically also
contains an origin of replication, and one or more selectable markers for maintenance of the

construct in appropriate species.

[00122] It will be appreciated that because of the degeneracy of the genetic code, a number
of nucleic acids can encode a particular polypeptide; i.e., for many amino acids, there is more
than one nucleotide triplet that serves as the codon for the amino acid. Thus, codons in the
coding sequence for a given polypeptide can be modified such that optimal expression in a
particular host is obtained, using appropriate codon bias tables for that host (e.g.,
microorganism). As isolated nucleic acids, these modified sequences can exist as purified
molecules and can be incorporated into a vector or a virus for use in constructing modules for

recombinant nucleic acid constructs.

[0003] In some cases, it is desirable to inhibit one or more functions of an endogenous
polypeptide in order to divert metabolic intermediates towards steviol or steviol glycoside
biosynthesis. For example, it may be desirable to downregulate synthesis of sterols in a yeast
strain in order to further increase steviol or steviol glycoside production, e.g., by downregulating
squalene epoxidase. As another example, it may be desirable to inhibit degradative functions of
certain endogenous gene products, e.g., glycohydrolases that remove glucose moieties from
secondary metabolites or phosphatases as discussed herein. In such cases, a nucleic acid that
overexpresses the polypeptide or gene product may be included in a recombinant construct that
is transformed into the strain. Alternatively, mutagenesis can be used to generate mutants in

genes for which it is desired to increase or enhance function.
Host Microorganisms
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[00123] Recombinant hosts can be used to express polypeptides for the producing steviol
glycosides, including mammalian, insect, plant, and algal cells. A number of prokaryotes and
eukaryotes are also suitable for use in constructing the recombinant microorganisms described
herein, e.g., gram-negative bacteria, yeast, and fungi. A species and strain selected for use as
a steviol glycoside production strain is first analyzed to determine which production genes are
endogenous to the strain and which genes are not present. Genes for which an endogenous
counterpart is not present in the strain are advantageously assembled in one or more
recombinant constructs, which are then transformed into the strain in order to supply the

missing function(s).

[00124] Typically, the recombinant microorganism is grown in a fermenter at a defined
temperature(s) for a desired period of time. 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, semi-continuous
fermentations such as draw and fill, continuous perfusion fermentation, and continuous
perfusion cell culture. Depending on the particular microorganism used in the method, other
recombinant genes such as isopentenyl biosynthesis genes and terpene synthase and cyclase
genes may also be present and expressed. Levels of substrates and intermediates, e.g.,
isopentenyl diphosphate, dimethylallyl diphosphate, GGPP, ent-kaurene and ent-kaurenoic acid,
can be determined by extracting samples from culture media for analysis according to published

methods.

[00125] Carbon sources of use in the instant method include any molecule that can be
metabolized by the recombinant host cell to facilitate growth and/or production of the steviol
glycosides. Examples of suitable carbon sources include, but are not limited to, sucrose (e.g.,
as found in molasses), fructose, xylose, ethanol, glycerol, glucose, cellulose, starch, cellobiose
or other glucose-comprising polymer. In embodiments employing yeast as a host, for example,
carbons sources such as sucrose, fructose, xylose, ethanol, glycerol, and glucose are suitable.
The carbon source can be provided to the host organism throughout the cultivation period or
alternatively, the organism can be grown for a period of time in the presence of another energy
source, e.g., protein, and then provided with a source of carbon only during the fed-batch

phase.

[00126] After the recombinant microorganism has been grown in culture for the desired
period of time, steviol and/or one or more steviol glycosides can then be recovered from the

culture using various techniques known in the art. In some embodiments, a permeabilizing
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agent can be added to aid the feedstock entering into the host and product getting out. For
example, a crude lysate of the cultured microorganism can be centrifuged to obtain a
supernatant. The resulting supernatant can then be applied to a chromatography column, e.g.,
a C-18 column, and washed with water to remove hydrophilic compounds, followed by elution of
the compound(s) of interest with a solvent such as methanol. The compound(s) can then be
further purified by preparative HPLC. See also, WO 2009/140394.

[00127] It will be appreciated that the various genes and modules discussed herein can be
present in two or more recombinant hosts rather than a single host. When a plurality of
recombinant hosts is used, they can be grown in a mixed culture to accumulate steviol and/or

steviol glycosides.

[00128] Alternatively, the two or more hosts each can be grown in a separate culture medium
and the product of the first culture medium, e.g., steviol, can be introduced into second culture
medium to be converted into a subsequent intermediate, or into an end product such as, for
example, RebA. The product produced by the second, or final host is then recovered. It will
also be appreciated that in some embodiments, a recombinant host is grown using nutrient

sources other than a culture medium and utilizing a system other than a fermenter.

[00129] Exemplary prokaryotic and eukaryotic 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 such as Agaricus, Aspergillus, Bacillus, Candida, Corynebacterium,
Eremothecium, Escherichia, Fusarium/Gibberella, Kluyveromyces, Laetiporus, Lentinus,
Phaffia, Phanerochaete,  Pichia, = Physcomitrella, Rhodoturula, Saccharomyces,
Schizosaccharomyces, Sphaceloma, Xanthophyllomyces or Yarrowia. Exemplary species from
such genera include Lentinus tigrinus, Laetiporus sulphureus, Phanerochaete chrysosporium,
Pichia pastoris, Cyberlindnera jadinii, Physcomitrella patens, Rhodoturula glutinis, Rhodoturula
mucilaginosa, Phaffia  rhodozyma, Xanthophyllomyces  dendrorhous, Fusarium
fujikuroi/Gibberella fujikuroi, Candida utilis, Candida glabrata, Candida albicans, and Yarrowia

lipolytica.

[00130] In some embodiments, a microorganism can be a prokaryote such as Escherichia
bacteria cells, for example, Escherichia coli cells; Lactobacillus bacteria cells, Lactococcus
bacteria cells; Cornebacterium bacteria cells; Acetobacter bacteria cells: Acinetobacter bacteria

cells; or Pseudomonas bacterial cells.
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[00131] In some embodiments, a microorganism can be an Ascomycete such as Gibberella
fujikuroi, Kluyveromyces lactis, Schizosaccharomyces pombe, Aspergillus niger, Yarrowia

lipolytica, Ashbya gossypii, or S. cerevisiae.

[00132] In some embodiments, a microorganism can be an algal cell such as Blakeslea
trispora, Dunaliella salina, Haematococcus pluvialis, Chlorella sp., Undaria pinnatifida,

Sargassum, Laminaria japonica, Scenedesmus almeriensis species.

[00133] In some embodiments, a microorganism can be a cyanobacterial cell such as
Blakeslea trispora, Dunaliella salina, Haematococcus pluvialis, Chiorella sp., Undaria

pinnatifida, Sargassum, Laminaria japonica, Scenedesmus almeriensis.

Saccharomyces spp.

[00134] Saccharomyces is a widely used chassis organism in synthetic biology, and can be
used as the recombinant microorganism platform. For example, 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 microcrganisms.

Asperagillus spp.

[00135] 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 maodification
of endogenous pathways to enhance flux and increase product yield. 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 producing steviol

glycosides.
E. coli

[060136] E. 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 vield. Methods
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similar to those described above for Saccharomyces can be used to make recombinant E. coli

microorganisms.

Agaricus, Gibberella, and Phanerochaete spp.

[00137] Agaricus, Gibberella, and Phanerochaete spp. can be useful because they are
known to produce large amounts of isoprenoids in culture. Thus, the terpene precursors for
producing large amounts of steviol glycosides are already produced by endogenous genes,
Thus, modules comprising recombinant genes for steviol glycoside biosynthesis polypeptides
can be introduced into species from such genera without the necessity of introducing

mevalonate or MEP pathway genes.

Arxula adeninivorans {Blastobotrys adeninivorans)

[00138] 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

[00138] 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 microorgamism. 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 81(6):692-6; Bankar et al., 2008, Appl Microbiol Biotechnol. 84(5).847-
65.

Rhodotorula sp.

[00140] Rhodotoruia is unicellular, pigmented yeast. The oleaginous red yeast, Rhodoforuia
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).
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Rhodosporidium toruloides

[00141] 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

[00142] 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 polymorpha (Pichia angusta)

[00143] Hansenula polymorpha is methylotrophic yeast (see Candida boidinii). 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,
insulin and interferon alpha-2a for the treatment of hepatitis C, furthermore to a range of
technical enzymes. See, e.g., Xu et al., 2014, Virol Sin. 29(6).403-9.

Kluyveromyces lactis

[00144] 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 ef al., 2006, FEMS Yeast Res. 6(3):381-92.

Pichia pastoris

[00145] 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 complex human N-glycan (yeast glycans are similar but not
identical to those found in humans). See, e.g., Piirainen ef al., 2014, N Biotechnol. 31(6):532-7.

Physcomitrella spp.
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[00146] 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.
Steviol Glycoside Compositions

[00147] Steviol glycosides do not necessarily have equivalent performance in different food
systems. |t is therefore desirable to have the ability to direct the synthesis to steviol glycoside
compositions of choice. Recombinant hosts described herein can produce compositions that
are selectively enriched for specific steviol glycosides (e.g., RebD or RebM) and have a
consistent taste profile. As used herein, the term “enriched” is used to describe a steviol
glycoside composition with an increased proportion of a particular steviol glycoside, compared
to a steviol glycoside composition (extract) from a stevia plant. Thus, the recombinant hosts
described herein can facilitate the production of compositions that are tailored to meet the
sweetening profile desired for a given food product and that have a proportion of each steviol
glycoside that is consistent from batch to batch. In some embodiments, hosts described herein
do not produce or produce a reduced amount of undesired plant by-products found in Stevia
extracts. Thus, steviol glycoside compositions produced by the recombinant hosts described

herein are distinguishable from compositions derived from Stevia plants.

[00148] The amount of an individual steviol glycoside (e.g., RebA, RebB, RebD, or RebM)
accumulated can be from about 1 to about 7,000 mg/L, e.g., about 1 to about 10 mg/L, about 3
to about 10 mg/L, about 5 to about 20 mg/L, about 10 to about 50 mg/L, about 10 to about 100
mg/L, about 25 to about 500 mg/L, about 100 to about 1,500 mg/L, or about 200 to about 1,000
mg/L, at least about 1,000 mg/L, at least about 1,200 mg/L, at least about at least 1,400 mg/L,
at least about 1,600 mg/L, at least about 1,800 mg/L, at least about 2,800 mg/L, or at least
about 7,000 mg/L. In some aspects, the amount of an individual steviol glycoside can exceed
7,000 mg/L. The amount of a combination of steviol glycosides (e.g., RebA, RebB, RebD, or
RebM) accumulated can be from about 1 mg/L to about 7,000 mg/L, e.g., about 200 to about
1,500, at least about 2,000 mg/L, at least about 3,000 mg/L, at least about 4,000 mg/L, at least
about 5,000 mg/L, at least about 6,000 mg/L, or at least about 7,000 mg/L.. In some aspects,
the amount of a combination of steviol glycosides can exceed 7,000 mg/L. In general, longer
culture times will lead to greater amounts of product. Thus, the recombinant microorganism can
be cultured for from 1 day to 7 days, from 1 day to 5 days, from 3 days to 5 days, about 3 days,
about 4 days, or about 5 days.
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[00148] It will be appreciated that the various genes and modules discussed herein can be
present in two or more recombinant micreorganisms rather than a single microorganism. When
a plurality of recombinant microorganisms is used, they can be grown in a mixed culture to
produce steviol and/or steviol glycosides. For example, a first microorganism can comprise one
or more biosynthesis genes for producing a steviol glycoside precursor, while a second
microorganism comprises steviol glycoside biosynthesis genes. The product produced by the
second, or final microorganism is then recovered. It will also be appreciated that in some
embodiments, a recombinant microorganism is grown using nutrient sources other than a

culture medium and utilizing a system other than a fermenter.

[00150] Alternatively, the two or more microorganisms each can be grown in a separate
culture medium and the product of the first culture medium, e.g., steviol, can be introduced into
second culture medium to be converted into a subsequent intermediate, or into an end product
such as RebA. The product produced by the second, or final microorganism is then recovered.
it will also be appreciated that in some embodiments, a recombinant microorganism is grown
using nutrient sources other than a culture medium and utilizing a system other than a

fermenter.

[60151] Steviol glycosides and compositions obtained by the methods disclosed herein can
be used to make food products, dietary supplements and sweetener compositions. See, e.g.,
WO 2011/153378, WO 2013/022989, WO 2014/122227, and WO 2014/122328.

[00152] For example, substantially pure steviol or steviol glycoside such as RebM or RebD
can be included in food products such as ice cream, carbonated beverages, fruit juices, yogurts,
baked goods, chewing gums, hard and soft candies, and sauces. Substantially pure steviol or
steviol glycoside can also be included in non-food products such as pharmaceutical products,
medicinal products, dietary supplements and nutritional supplements. Substantially pure steviol
or steviol glycosides may also be included in animal feed products for both the agriculture
industry and the companion animal industry. Alternatively, a mixture of steviol and/or steviol
glycosides can be made by culturing recombinant microorganisms separately, each producing a
specific steviol or steviol glycoside, recovering the steviol or steviol glycoside in substantially
pure form from each microorganism and then combining the compounds to obtain a mixture
comprising each compound in the desired proportion. The recombinant microorganisms
described herein permit more precise and consistent mixtures to be obtained compared to

current Stevia products.
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[00153] In another alternative, a substantially pure steviol or steviol glycoside can be
incorporated into a food product along with other sweeteners, e.g. saccharin, dextrose, sucrose,
fructose, erythritol, aspartame, sucralose, monatin, or acesulfame potassium. The weight ratio
of steviol or steviol glycoside relative to other sweeteners can be varied as desired to achieve a
satisfactory taste in the final food product. See, e.g., U.S. 2007/0128311. In some
embodiments, the steviol or steviol glycoside may be provided with a flavor {e.g., citrus) as a

flavor modulator.

[001584] Compositions produced by a recombinant microorganism described herein can be
incorporated into food products. For example, a steviol glycoside compaosition produced by a
recombinant microorganism can be incorporated into a food product in an amount ranging from
about 20 mg steviol glycoside/kg food product to about 1800 mg steviol glycoside/kg food
product on a dry weight basis, depending on the type of steviol glycoside and food product. For
example, a steviol glycoside composition produced by a recombinant microorganism can be
incorporated into a dessert, cold confectionary (e.g., ice cream), dairy product (e.g., yogurt), or
beverage (e.g., a carbonated beverage) such that the food product has a maximum of 500 mg
steviol glycoside/kg food on a dry weight basis. A steviol glycoside composition produced by a
recombinant microorganism can be incorporated into a baked good (e.g., a biscuit) such that the
food product has a maximum of 300 mg steviol glycoside/kg food on a dry weight basis. A
steviol glycoside composition produced by a recombinant microorganism can be incorporated
into a sauce (e.g., chocolate syrup) or vegetable product (e.g., pickles) such that the food
product has a maximum of 1000 mg steviol glycoside/kg food on a dry weight basis. A steviol
glycoside composition produced by a recombinant microorganism can be incorporated into a
bread such that the food product has a maximum of 160 mg steviol glycoside/kg food on a dry
weight basis. A steviol glycoside composition produced by a recombinant microorganism, plant,
or plant cell can be incorporated into a hard or soft candy such that the food product has a
maximum of 1600 mg steviol glycoside/kg food on a dry weight basis. A steviol glycoside
composition produced by a recombinant microorganism, plant, or plant cell can be incorporated
into a processed fruit product (e.g., fruit juices, fruit filling, jams, and jellies) such that the food
product has a maximum of 1000 mg steviol glycoside/kg food on a dry weight basis. In some
embodiments, a steviol glycoside composition produced herein is a component of a
pharmaceutical compaosition. See, e.g., Steviol Glycosides Chemical and Technical
Assessment 69th JECFA, 2007, prepared by Harriet Wallin, Food Agric. Org.; EFSA Panel on
Food Additives and Nutrient Sources added to Food (ANS), “Scientific Opinion on the safety of
steviol glycosides for the proposed uses as a food additive,” 2010, EFSA Journal 8(4):1537;
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U.S. Food and Drug Administration GRAS Notice 323; U.S Food and Drug Administration
GRAS Notice Notice 329; WO 2011/037959; WO 2010/146463; WO 2011/046423; and WO
2011/056834.

[00155] For example, such a steviol glycoside composition can have from 90-99 weight %
RebA and an undetectable amount of stevia plant-derived contaminants, and be incorporated
into a food product at from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg, 250-1000
mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis.

[00156] Such a steviol glycoside composition can be a RebB-enriched composition having
greater than 3 weight % RebB and be incorporated into the food product such that the amount
of RebB in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg, 250-1000
mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the RebB-enriched
composition has an undetectable amount of stevia plant-derived contaminants.

[00157] Such a steviol glycoside composition can be a RebD-enriched composition having
greater than 3 weight % RebD and be incorporated into the food product such that the amount
of RebD in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg, 250-1000
mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the RebD-enriched

composition has an undetectable amount of stevia plant-derived contaminants.

[00158] Such a steviol glycoside composition can be a RebE-enriched composition having
greater than 3 weight % RebE and be incorporated into the food product such that the amount
of RebE in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg, 250-1000
mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the RebE-enriched

composition has an undetectable amount of stevia plant-derived contaminants.

[00159] Such a steviol glycoside composition can be a RebM-enriched composition having
greater than 3 weight % RebM and be incorporated into the food product such that the amount
of RebM in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg, 250-1000
mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the RebM-enriched

composition has an undetectable amount of stevia plant-derived contaminants.

[00160] In some embodiments, a substantially pure steviol or steviol glycoside is
incorporated into a tabletop sweetener or “cup-for-cup” product. Such products typically are
diluted to the appropriate sweetness level with one or more bulking agents, e.g., maltodextrins,
known to those skilled in the art. Steviol glycoside compositions enriched for RebA, RebB,
RebD, RebE, or RebM, can be package in a sachet, for example, at from 10,000 to 30,000 mg
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steviol glycoside/kg product on a dry weight basis, for tabletop use. In some embodiments, a

steviol glycoside produced in vitro, in vivo, or by whole cell bioconversion

[00161] The invention will be further described in the following examples, which do not limit

the scope of the invention described in the claims.

EXAMPLES

[00162] 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. LC-MS Analytical Procedures

[00163] Three LC-MS procedures were used herein. In the first method used for Examples
2-6, LC-MS analyses were performed using an Ultimate 3000 UPLC system (Dionex) fitted with
a Waters Acquity UPLC ®BEH shield RP18 column (2.1 x 50 mm, 1.7 um particles, 130 A pore
size) connected to a TSQ Quantum Access (ThermoFisher Scientific) triple quadropole mass
spectrometer with a heated electrospray ion (HESI) source. Elution was carried out using a
mobile phase of eluent B (MeCN with 0.1% formic acid) and eluent A (water with 0.1% formic
acid) by increasing the gradient from 25% to 47% B from min 0.0 to 4.0, increasing 47% to
100% B from min 4.0 to 5.0, and holding 100% B from min 5.0 to 6.5. The flow rate was 0.4
mL/min and the column temperature 35°C. Steviol glycosides were detected using SIM (Single

lon Monitoring) with the following m/z-traces.

Table 1A: LC-MS analytical information for Steviol Glycosides.

Description Exact Mass m/z trace compound (typical fzin min)
(Da)
Steviol + [M+H]" 481.2796 481.2+ 0.5 19-8MG (2.29), 13-SMG (3.5)
1 Glucose | [M+Nal 503.2615 503.1£ 0.5
Steviol + [M+Na]* 665.3149 665+ 0.5 Rubusoside (2.52)
2 Glucose Steviol-1,2-bioside (2.92)
Steviol-1,3-bioside (2.28)
Steviol + [M+Na]" 827.3677 | 827.4+05 1,2-Stevioside (2.01)
3 Glucose 1,3-Stevioside (2.39)
Rebaudioside B (2.88)
Steviol + [M+Na] 989.4200 | 989.4+05 Rebaudioside A (2.0)
4 Glucose
Steviol + | [M+Na]' 1151.4728 | 11514+ 05 Rebaudioside D (1.1)
5 Glucose
Steviol + | [M+Na]  1313.5257 | 1313.5+0.5 Rebaudioside M (1.3)

41



WO 2016/038095 PCT/EP2015/070620

Description Exact Mass m/z trace compound {typical tzin min)
(Da)

6 Glucose

[00164] In the second method used for Examples 7, 8, and 10, LC-MS analyses were
performed on Waters ACQUITY UPLC (Waters Corporation, Milford, MA) with coupled to a
Waters ACQUITY ESI (electrospray ionization)-TQD triple quadropole mass spectrometer.
Compound separation was achieved on Waters ACQUITY UPLC® BEH C18 column (2.1 x 50
mm, 1.7 um particles, 130 A pore size) equipped with ACQUITY UPLC BEH C18 VanGuard
pre-column (130 A, 1.7 um, 2.1 mm X 5 mm) by using a gradient of the two mobile phases: A
(Water with 0.1% formic acid) and B {Acetonitrile with 0.1% formic acid)increasing B from 20%
to 50% between 0.3 to 2.0 min up to 100% at 2.01 min, holding to 100% for 0.6 min, and re-
equilibrating for 0.6 min. The flow rate was 0.6 ml/min, and the column temperature was 55°C.
The MS acquisition was in negative ion-mode using SIM mode (Single lon Monitoring). Steviol

glycoside quantification was done by comparison with authentic standards.

Table 1B: MS analytical information for Steviol Glycosides.

Compound m/z trace Retention time
{Da) {min)
RebE 965.42 1.06
RebD 1127.48 1.09
RebM 1289.53 1.15
RebA 965.42 1.43
1,3-Stevioside 803.37 1.60
Rubusoside 641.32 1.67
RebB 803.37 1.76
1,2-bioside 641.32 1.77
13-SMG 479.26 2.04

[00165] In the third method used for Example 9, LC-MS analyses were performed on

Waters ACQUITY UPLC (Waters Corporation, Milford, MA) using a Waters Acquity UPLC®
BEH C18 column (2.1 x 50 mm, 1.7 um particles, 130 A) coupled to a Waters single quadropole
mass spectrometer (SQD), equipped with an ESI and operated in negative mode. Compound
separation was achieved by a gradient of the two mobile phases: A (water with 0.1% formic
acid) and B (acetonitrile with 0.1% formic acid) by increasing from 60% to 100% B between 0.3
to 2.5 min, holding 100% B for 0.1 min, and re-equilibrating for 0.2 min. The flow rate was 0.6

mbU/min, and the column temperature was set at 55°C. Steviol or ent-kaurenoic acid was
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monitored using SIM (Single lon Monitoring) and quantified by comparing with authentic

standards.

Table 1C: MS analytical information for steviol and ent-kaurenoic acid.

Compound m/z trace Retention time
(Da) {min)
Steviol 317.21 0.61
Ent-kaurenoic 301.001 1.46
acid

Example 2. Construction of Steviol Glycoside-Producing and RebB-Producing Yeast
Strains

[00166] Steviol glycoside-producing S. cerevisiae strains were constructed as described in
WO 2011/153378, WO 2013/022989, WO 2014/122227, and WO 2014/122328. For example, a
yeast strain comprising a recombinant gene encoding a Synechococcus sp. GGPPS (SEQ ID
NO:49) polypeptide, a recombinant gene encoding a truncated Zea mays CDPS (SEQ ID
NO:37) polypeptide, a recombinant gene encoding an A. thaliana KS (SEQ ID NO:6)
polypeptide, a recombinant gene encoding an S. rebaudiana KO (SEQ ID NO:59, SEQ ID
NO:79) polypeptide, a recombinant gene encoding an A. thaliana ATR2 (SEQ ID NO:51, SEQ
ID NO:87) polypeptide, a recombinant gene encoding an O. sativa EUGT11 (SEQ ID NO:86)
polypeptide, a recombinant gene encoding an SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68)
polypeptide, a recombinant gene encoding an S. rebaudiana CPR8 (SEQ ID NO:24, SEQ ID
NO:28) polypeptide, a recombinant gene encoding an S. rebaudiana UGT85C2 (SEQ ID NO:30)
polypeptide, a recombinant gene encoding an S. rebaudiana UGT74G1 (SEQ ID NO:29)
polypeptide, a recombinant gene encoding an S. rebaudiana UGT76G1 (SEQ ID NO:2)
polypeptide, and a recombinant gene encoding an S. rebaudiana UGT91D2 variant,
UGTY1DZe-b (SEQ ID NO:88), polypeptide accumulated steviol glycosides.

[00167] The UGT91D2e-b variant of UGT91D2 (SEQ ID NO:5 from PCT/US2012/050021)
includes a substitution of a methionine for leucine at position 211 and a substitution of an
alanine for valine at position 286. Additional variants can include variants (except T144S,
M152L, L213F, S364P, and G384C variants) described in Table 14 and Example 11 of the
PCT/AUS2012/050021. GeneArt codon-optimized sequence encoding a S. rebaudiana
UGT91D2e-b with the amino acid modifications L211M and V286A (SEQ ID NO:88 for amino

acid sequence; codon optimized nucleotide sequence is set forth in SEQ ID NO:89) and

43



WO 2016/038095 PCT/EP2015/070620

expressed from the native yeast TDH3 promoter and followed by the native yeast CYC1

terminator.

[00168] Cells were grown in Synthetic Complete (SC) medium at 30°C for 5 days with
shaking (400 rpm for deep wells and 200 rpm for 15 mbL Falcon growth tubes) prior to harvest.
Culture samples {without cell removal) were heated in the presence of DMSO for detection of
total glycoside levels with LC-MS. The strain accumulated total amounts of RebD of over 2500
mg/L., total amounts of RebM of over 2500 mg/L, and total amounts of RebA of over 700 mg/L.
See WO 2014/122227.

[00169] A separate S. cerevisiae strain was constructed to accumulate RebB. This strain
comprised a recombinant gene encoding a Synechococcus sp. GGPPS (SEQ ID NO:49)
polypeptide, a recombinant gene encoding a truncated Z. mays CDPS (SEQ ID NO:37)
polypeptide, a recombinant gene encoding an A. thaliana KS (SEQ ID NO:6) polypeptide, a
recombinant gene encoding an S. rebaudiana KO (SEQ ID NO:59, SEQ ID NO:79) polypeptide,
a recombinant gene encoding an A. thaliana ATR2 (SEQ ID NO:51, SEQ ID NO:87)
polypeptide, a recombinant gene encoding an O. sativa EUGT11 (SEQ ID NO:86) polypeptide,
a recombinant gene encoding an SrKAHe1 (SEQ 1D NO:18, SEQ ID NO:88) polypeptide, a
recombinant gene encoding an S. rebaudiana CPR8 (SEQ ID NO:24, SEQ ID NO:28)
polypeptide, a recombinant gene encoding an S. rebaudiana UGT85C2 (SEQ ID NO:30)
polypeptide, a recombinant gene encoding an S. rebaudiana UGT76G1 (SEQ ID NO:2)
polypeptide, and a recombinant gene encoding an S. rebaudiana UGT91D2 variant,
UGT91D2e-b (SEQ ID NO:88), polypeptide accumulated steviol glycosides.

Example 3. Steviol Glycoside Production in Yeast Strains Expressing KO Genes

[00170] To determine whether increased levels of ent-kaurenoic acid improve steviol
glycoside production, the activity of KO genes from various species were analyzed. Putative
KO genes were identified using the NCB! Basic Local Alignment Sequence Search Tool
(BLAST). Genes encoding KO polypeptides were cloned and expressed the RebB-producing S.
cerevisiae strain described in Example 2, which was modified to lack KO genes. Thus, RebB

was only accumulated upon expression of a functional KO.

[00171] Two KO polypeptides identified by the amino acid sequences set forth in SEQ ID
NO:54 (nucleotide sequence set forth in SEQ ID NO:55) and SEQ ID NO:75 (nucleotide
sequences set forth in SEQ ID NO:56) were found to accumulate higher levels of RebB than
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SrKO1 (nucleotide sequence set forth in SEQ 1D NO:59, amino acid sequences set forth in SEQ
D NO:79) in the RebB-producing strain. RebB levels (WM/ODgy) are shown in Figure 3.

[00172] Expression of genes (SEQ ID NO:55 or SEQ ID NO:56) encoding KO polypeptides
in an S. cerevisiae steviol glycoside-producing strain also resulted in accumulation of ent-
kaurenoic acid (Figure 4). Expression of a gene encoding a codon-optimized KO polypeptide
(SEQ ID NO:57) and a gene encoding the KO polypeptide set forth in SEQ ID NO:70 also
resulted in accumulation of ent-kaurenocic acid. However, expression of SrKO1 (SEQ ID NO:59,
SEQ ID NQO:79) did not result in measurable levels of ent-kaurenoic acid. Thus, the KO
polypeptides encoded by nuclectide sequences set forth in SEQ ID NOs: 55-57 more efficiently
converted ent-kaurene, ent-kaurenol, and/or ent-kaurenal to ent-kaurenoic acid in S. cerevisiae,
as compared to the SrKO1 polypeptide encoded by nucleotide sequence set forth in SEQ 1D
NO:59.

Example 4. Steviol Glycoside Production in Yeast Strains Expressing KO Genes and

Further Overexpressing SrKAHe1

[00173] Cloned KO genes were individually expressed in a steviol glycoside-producing S.
cerevisiae strain. The 8. cerevisiae strain described in Example 2, which expresses SrKO1
(SEQ ID NO:59, SEQ ID NO:79), was modified to comprise overexpress SrKAHe1 (SEQ ID
NO:18, SEQ ID NO:68). The coding sequences of the KO genes tested, as well as their
corresponding amino acid sequences, are set forth in Table 2. The sequences set forth in SEQ

ID NOs: 55, 57, 58, 59, and 60 were codon-optimized for expression in S. cerevisiae.

Table 2: KO Genes Expressed in Steviol Glycoside-Producing 8. cerevisiae strain that

Further Overexpresses SrKAHe1.

KO Nucleotide Sequence | Corresponding KO Amino

Acid Sequence

SEQ ID NO:55 SEQ ID NO:54

SEQ ID NO:56 SEQID NO:75

SEQ ID NQ:57 SEQ ID NO:70

SEQ ID NO:58 SEQID NO:71

SEQ ID NO:59 SEQID NO:79

SEQ ID NO:60 SEQID NO:72

[00174] S. cerevisiae strains co-expressing any of the heterologous nucleic acids encoding a
KO enzyme of Table 2 and further overexprssing SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68)
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accumulated higher levels of steviol glycosides than the control S. cerevisiae strain (not
expressing a KO of Table 2) or a steviol glycoside-producing S. cerevisiae strain only
overexpressing SrkKAHe1, as shown in Figure 5. A steviol glycoside-producing S. cerevisiae
strain expressing a codon-optimized version of SEQ ID NO:56, identified herein as SEQ ID
NO:65, and overexpressing SrKAHe1 accumulated higher levels of steviol giycosides (RebA,
RebD, and RebM) than the steviol glycoside-producing S. cerevisiae strain co-expressing the
nucleic acid set forth in SEQ ID NO:56 and SrKAHe1 (Figure 6).

[00175] Additionally, S. cerevisiae strains co-expressing a nucleic acid set forth in SEQ ID
NQO:55, SEQ ID NO:56, SEQ ID NO:57, or SEQ ID NO:60 and further overexpressing SrKAHe1
accumulated higher levels of glycosylated ent-kaurenoic acid than the control S. cerevisiae

strain not expressing a KO of Table 2 (Figure 7).

[00176] As well, S. cerevisiae strains co-expressing a nucleic acid set forth in SEQ ID
NO:55, SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:59, or SEQ ID NO:60 and further
overexpressing SrKAHe1 demonstrated improved metabolic conversion of intermediate
compound, ent-kaurenol, which, in turn, resulted in reduced accumulation of glycosylated ent-
kaurenol, relative to the control S. cerevisiae strain not expressing a KO of Table 2 or the steviol
glycoside-producing S. cerevisiae strain only overexpressing SrKAHe1, as shown in Figure 8.
The control S. cerevisiae strain and the steviol glycoside-producing S. cerevisiae strain only
overexpressing SrKAHe1 each accumulated higher levels of glycosylated ent-kaurenol than did
S. cerevisiae strains expressing a nucleic acid set forth in SEQ 1D NO:55, SEQ ID NO:56, SEQ
ID NO:57, SEQ ID NO:59, or SEQ ID NO:60 and further overexpressing SrkKAHe1.

Example 5. Steviol Glycoside Production in Yeast Strains Expressing CPR Genes

[00177] Cloned CPR genes were individually expressed in a steviol glycoside-producing S.
cerevisiae strain. The sleviol glycoside-producing S. cerevisiae strain described in Example 2,
which expresses S. rebaudiana CPRS (SEQ 1D NO:24, SEQ ID NO:28) and A. thaliana ATR2
(SEQ ID NO:51), was modified to co-express a nucleic acid encoding a CPR of Table 3. The
coding sequences of the CPR genes tested, as well as their corresponding amino acid

sequences, are set forth in Table 3.

Table 3: CPR Genes Tested in Combination with CPR8 and ATRZ2.
[ Gene | Nucleotide Sequence | Amino Acid Sequence
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S. rebaudiana CPR1 SEQ ID NO:61 SEQ ID NO:76
S. rebaudiana CPR7Y SEQID NO:23 SEQ ID NO:69
CPR4497 SEQ ID NO:62 SEQ ID NO:74

[00178] As shown in Figure 9, expression of CPR1 (SEQ ID NQO:61, SEQ ID NO:78) or of
CPR7 (SEQ ID NO:23, SEQ ID NO:68) in the steviol glycoside-producing S. cerevisiae strain
already expressing S. rebaudiana CPRS (SEQ ID NO:24, SEQ ID NO:28) and A. thaliana ATR2
(SEQ ID NO:51) resulted in higher levels of RebM than those accumulated by the control steviol
glycoside-producing 8. cerevisiae strain not expressing CPR1 or CPR7. As well, a steviol
glycoside-producing S. cerevisiae strain expressing the nucleic acid set forth in SEQ ID NO:62
and overexpressing StKAHe1 (SEQ ID NO:18, SEQ ID NO:68) accumulated higher levels of
RebM than those accumulated by the control steviol glycoside-producing S. cerevisiae strain

that only overexpressed SrKAHe1 (Figure 10).

Example 6. Steviol Glycoside Production in Yeast Strains Co-Expressing KO and CPR

Genes

[00179] Steviol glycoside production was tested in the RebB-producing S. cerevisiae strain
described in Example 2, which was modified to co-express a KO gene of Table 4 and a CPR of

Table 5.

Table 4: KO Genes Tested in Combination with CPR Genes.

Gene Nucleotide Sequence | Amino Acid Sequence

SrKO1 SEQ ID NO:59 SEQ ID NO:79
Codon-optimized KO SEQ ID NO:63 SEQID NO:77
Codon-optimized KO SEQ ID NO:64 SEQ ID NO:78

Table 5: CPR Genes Tested in Combination with KO Genes.

Nucleotide Sequence

Amino Acid Sequence

SEQ ID NO:66

SEQID NO:73

SEQ ID NO:22

SEQ ID NO:67

[00180] As shown in Figure 12, co-expression of SrKO1 (SEQ ID NO:59, SEQ ID NO:79) and
either of the CPR genes of Table 5 in the RebB-producing strain resulted in higher production of
13-SMG and RebB than co-expression of a nucleic acid set forth in SEQ ID NO:63 or SEQ ID
NO:64 and either of the cytochrome P450 genes of Table 5.
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Example 7. Steviol Glycoside Production in Yeast Strains Expressing KAH Genes

[00181] Candidate KAH enzymes were cloned and expressed in an S. cerevisiae strain
engineered to accumulate 13-SMG. The 13-SMG-producing S. cerevisiae strain comprised a
recombinant gene encoding a Synechococcus sp. GGPPS7 polypeptide (SEQ ID NO:49), a
recombinant gene encoding a truncated Z. mays CDPS polypeptide (SEQ D NO:37), a
recombinant gene encoding an A. thaliana KS polypeptide (SEQ ID NO:6), SrKO1 (SEQ ID
NO:59, SEQ ID NO:79), CPR8 (SEQ ID NO:24, SEQ ID NO0:28), the KO encoded by the
nucleotide sequence set forth in SEQ 1D NO:56 (aminc acid sequence set forth in SEQ ID
NO:75), and UGT85C2 (SEQ ID NO:30) chromosomally integrated in separate expression
cassettes (Figure 11B). The strain lacked SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68); thus, 13-
SMG was only accumulated upon transformation of the S. cerevisiae strain with a functional

KAH (Figure 11B).

[00182] Transformants were grown in SC-URA medium for 4 days and extracted with 1:1
with DMSO at 80°C for 10 min. The extracts were analyzed by LC-MS (method 2 of Example
1). S. cerevisiae transformed with the nucleic acid set forth in SEQ ID NO:80 accumulated 13-
SMG (Figure 11B). Thus, the protein encoded by SEQ ID NO:80, set forth in SEQ ID NO:82, is
a KAH.

[00183] The KAH encoded by the nucleotide sequence set forth in SEQ ID NO:80 was
codon-optimized for expression in yeast (SEQ 1D NO:81) and expressed in the above-described
13-SMG-producing S. cerevisiae strain. Similar to expression of SrKAHe1 (SEQ ID NO:18) or
the KAH encoded by the nucleotide sequence set forth in SEQ ID NO:80, expression of the
codon-optimized nuclectide sequence set forth in SEQ 1D NO:81 resulted in production of 13-
SMG plus rubusoside (Figure 13).

[00184] The KAHs encoded by the nucleotide sequence set forth in SEQ ID NO:80 and the
codon-optimized nucleotide sequence set forth in SEQ D NO:81 were also individually
expressed in a steviol glycoside-producing strain, as described in Example 2, which expresses
SrKAHe1. Production of 13-SMG was increased upon overexpression of SrKAHe1 (SEQ ID
NO:18), of the KAH encoded by the nucleotide sequence set forth in SEQ ID NO:80, or of the
KAH encoded by the codon-optimized nucleotide sequence set forth in SEQ ID NO:81, as
compared to a control strain not expressing the KAH encoded by the nucleotide sequence set
forth in SEQ ID NO:80, the KAH encoded by the codon-optimized nucleotide sequence set forth
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in SEQ ID NO:81, or overexpressing SrtKAHe1. See Table 6. Expression of either the KAH
encoded by the nuclectide sequence set forth in SEQ ID NO:80 or the KAH encoded by the
codon-optimized nucleotide sequence set forth in SEQ ID NO:81 resulted in higher steviol
glycoside production (13-SMG + 1,2-bioside + rubusoside + RebB + RebA + RebD + RebM)
than either the control strain or the S. cerevisiae strain overexpressing SrkKAHe1 (SEQ ID
NO:18). See Table 6.

Table 6: Quantification of Steviol Glycosides Accumulated by Yeast Expressing KAH

Genes.
Control Overexpression SrkKAHe1 SrKAHe1
(uM) of SrKAHe1 + +
(encoded by the KAH KAH
nuclectide set (encoded by (encoded by
forth in SEQ ID | the nucleotide | the nucleotide
NO:18) set forth in sequence set
| (uM) SEQ ID NO:80) | forthin SEQ ID
(uM) NO:81)
(uM)
13-SMG 67.6 85.5 153.8 130.5
Steviol-1,2-bioside 0.4 0.3 0.4 0.4
Rubusoside 1.2 1.0 1.4 1.1
RebB 8.6 7.6 9.6 9.6
RebA 30.7 26.0 26.8 28.7
RebD 36.2 27.6 32.9 36.5
RebM 138.3 118.9 100.0 90.3
Sum 282.7 266.2 324.0 296.7

Example 8. Steviol Glycoside Production in Yeast Strain Expressing KAH Gene of the
CYP72A219 family

[00185] A nucleic acid of SEQ ID NO:90, which was codon-optimized for expression in S.
cerevisiae and encodes the polypeptide of SEQ ID NO:91, was cloned and expressed in an S.
cerevisiae strain described in Example 7, which was engineered to accumulate 13-SMG. The
13-SMG-producing S. cerevisiae strain comprised a recombinant gene encoding a
Synechococcus sp. GGPPST7 polypeptide (SEQ ID NO:49), a recombinant gene encoding a
truncated Z. mays CDPS polypeptide (SEQ ID NO:37), a recombinant gene encoding an A.
thaliana KS polypeptide (SEQ ID NO:6), SrKO1 (SEQ ID NO:59, SEQ ID NO:79), CPRS8 (SEQ
ID NO:24, SEQ ID NO:28), the KO encoded by the nucleotide sequence set forth in SEQ ID
NO:56 (amino acid sequence set forth in SEQ ID NO:75), and UGT85C2 (SEQ ID NO:30)

chromosomally integrated in separate expression cassettes.
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[00186] Transformants were grown in SC-URA medium for 4 days and extracted 1:1 with
DMSO at 80°C for 10 min. The extracts were analyzed by LC-MS (method 2 of Example 1). S.
cerevisiae transformed with the nucleic acid set forth in SEQ ID NO:90 accumulated 13-SMG as
well as rubusoside (Table 7). Thus, the protein encoded by the nucleic acid sequence of SEQ
ID NO:90, set forth in SEQ ID NO:91, is a KAH.

Table 7: Quantification of Steviol Glycosides Accumulated by Yeast Expressing the KAH
encoded by the Nucleotide Sequence Set Forth in SEQ ID NO:90 (Amino Acid
Sequence Set Forth in SEQ ID NO:91).

13-SMG (uM) Rubusoside (uM)

KAH (encoded by the 4301 0.2+00
nucleotide sequence set forth
in SEQ ID NO:90)

Example 9. Determination of CPR1 and CPR12 Activity

[00187] Activity of CPR1 and CPR12 were measured using an in vitro microsomal assay.
Microsomes were prepared by a modified version of the method taught by Pompon ef al., "Yeast
expression of animal and plant P450s in optimized redox environments," Methods Enzymol.
272:51-64 (1996). S. cerevisiae cells were sedimented for 10 min at 4°C. The pellets were
washed with 10 mL TEK buffer (50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 100 mM KCI.) The cells
were sedimented again for 10 min at 4°C, and the pellets were resuspended in 1-3 mL of TES2
buffer (50 mM Tri-HCI (pH 7.5) 1 mM EDTA, 600 mM sorbitol). Glass beads (425-600 microns)
were added to the samples, and the cells were broken vigorously by shaking and vortexing for 5
min at 4°C. The supernatant was collected, and the beads were washed several times with
TESZ2 buffer. The washes were combined with the supernatant, and the samples were
centrifuged for 15 min at 4°C to remove unbroken cells and glass beads. Samples were then
ultracentrifuged for 1 h at 4°C. The pellets were washed twice with TES buffer (50 mM Tris-HCI
(pH 7.5), 1 mM EDTA, 600 mM sorbitol, 1% (w/V) BSA, 5 mM DTT), and once with TEG buffer
(50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 30% (V/V) glycerol). The samples were resuspended in
1-3 mL TEG, and the pellets were homogenized.

[00188] Wild-type control microsomal protein was prepared as described above from wild-
type S. cerevisiae cells that did not comprise a heterologous KAH or CPR. Microsomal protein
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was also prepared from S. cerevisiae cells expressing i) SrKAHe1 (SEQ ID NO:18, SEQ ID
NO:68), ii) SrkKAHe1 (SEQ ID NO:18, SEQ ID NO:68) and CPR1 (SEQ ID NO:61, SEQ ID
NO:76), or iii) SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68) and CPR12 (SEQ ID NO:97, SEQ ID
NO:98) from a genetic construct integrated at the chromosome level. Microsomal protein from a
steviol glycoside-producing strain was prepared from S. cerevisiae cells expressing the genes
described in Example 2 and additionally comprising codon-optimized CPR1 from S. rebaudiana
(SEQ ID NO:61 corresponding to amino acid sequence SEQ ID NO:76) as well as the KO
encoded by SEQ ID NO:75).

[00188] CPR1 and CPR12 activities were first determined using a cytochrome C reductase
assay kit (Sigma-Aldrich; CY0100-1KT) to measure the ability of CPR1 or CPR12 to reduce
cytochrome C in the presence of NADPH in vitro. Reduction of cytochrome C resulted in an
increase in absorbance at 550 nm, which could quantified spectrophotometrically. Working
solution was prepared by adding 9 mg cytochrome C to 20 mL assay buffer, and solution was
stored at 25°C until use. NADPH was diluted in H,0 to a concentration of 0.85 mg/mL. Final
reaction volumes were 1.1 mL (850 yL working solution (0.43 mg cytochrome C), 28 ul enzyme
dilution buffer, 100 pyL NADPH solution (0.085 mg NADPH), 20 pL cytochrome C oxidase
inhibitor, 2 pL microsomal protein.) Blank samples did not comprise microsomal protein and
were prepared with 950 pl working solution (0.43 mg cytochrome C), 30 pL enzyme dilution
buffer, 100 yL NADPH solution (0.085 mg NADPH), and 20 ylL cytochrome C oxidase inhibitor.
The spectrophotometer was blanked with all components added to the reactions except for
NADPH. The enzymatic reactions were initiated by addition of NADPH, the samples were
thoroughly mixed by pipetting, and absorbance was measured at 550 nm for 70 s with 10 s
intervals between reads. Two independent rate measurements were taken for each microsomal
preparation, and rates were averaged for calculation of specific aclivity. After the reactions
were completed, results were normalized to protein concentration, which was measured using a

standard BCA assay (Thermo Scientific).

[00180] Units/mL was calculated using the following equation, where AAgzs/min represents
the change in absorbance at 550 nm during the absorbance reading period, 1.1 represents the

reaction volume in mL, and 21.1 represents the extinction coefficient for reduced cytochrome c:
Units/mL = (AAsso/min x dilution factor x 1.1) / (21.1 x enzyme volume)

[00191] The units/mL value of each sample was divided by its respective microsomal protein
concentrations to calculate CPR activity in units/mg. Figure 14 shows the activity
measurements of the i) SrKAHe1 (SEQ ID NG:18, SEQ ID NO:68), ii) SrKAHe1 (SEQ 1D NO:18,
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SEQ ID NO:68) and CPR1 (SEQ ID NO:61, SEQ ID NO:76), and iii) SrKAHe1 (SEQ ID NO:18,
SEQ ID NO:68) and CPR12 (SEQ ID NO:97, SEQ ID NO:98) microsomal samples.

[00192] The microsomal preparation from the wild-type control showed only minimal CPR
activity, reflecting the low activity of native NCP1 (YHR042W). Likewise, the microsomal
preparation from a yeast strain overexpressing KAHe1 did not demonstrate an increase in CPR
activity. In contrast, microsomal preparation from strains expressing SrKAHe1 (SEQ ID NO:18,
SEQ ID NO:68) and CPR1 (SEQ ID NO:61, SEQ ID NO:76) or SrKAHe1 (SEQ ID NO:18, SEQ
ID NO:68) and CPR12 (SEQ ID NO:97, SEQ ID NO:98) demonstrated high CPR activity, with 7-

and 14-fold higher activity, respectively, compared to the negative control (Figure 14).

[00193] In a separate experiment, formation of steviol and consumption of ent-kaurenoic acid
in microsomes, as prepared above, were measured. 33 pM ent-kaurenoic acid, 10 mM NADPH,
and 10 L of microsomal protein in 50 mM phosphate buffer (pH 7.5) were incubated for 30 min
at 30°C in a total reaction volume of 100 pL. Control reactions were extracted immediately after
addition of all the reaction components, which were mixed on ice and aliquoted prior to
incubation. Steviol and ent-kaurenoic acid levels were quantified using the second LC-MS
procedure described in Example 1.  For steviol quantification, the microsomal reactions were
extracted with DMSO (1:1) at 80°C for 10 min and submitted for LC-MS analysis after
centrifugation. For ent-kaurenoic acid quantification the microsomes reactions were extracted
with acetonitrile 1:4 (20% microsomal reaction and 80% acetonitrile) at 80°C for 10 min and
after centrifugation submitted for LC-MS analysis. The AUC values obtained for the ent-

kaurenoic acid measurements were converted to concentrations using a standard curve.

[00194] As shown in Figure 15A, microsomal protein prepared from an S. cerevisiae strain
expressing SrkKAHe1 (SEQ ID NO:18, SEQ ID NO:68) and either CPR1 (SEQ ID NO:61, SEQ
ID NO:76) or CPR12 (SEQ ID NO:97, SEQ ID NO:98) converted ent-kaurenoic acid to steviol
during the 30 minute incubation period. The steviol level shown in Figure 15A for the steviol-
glycoside-producing strain control (extracted immediately with no 30 min incubation period)
corresponds to steviol that was accumulated by the strain prior to microsomal preparation and
that had co-purified with the microsomes. As shown in Figure 15B, ent-kaurenoic acid levels
decreased upon incubation with microsomal protein prepared from S. cerevisiae strains
expressing SrkAHe1 (SEQ ID NO:18, SEQ ID NO:68) alone or in combination with CPR1 (SEQ
ID NO:61, SEQ ID NO:76) or CPR12 (SEQ 1D NO:97, SEQ ID NO:98). The increased ent-
kaurenoic acid levels shown in Figure 15B for the steviol glycoside-producing strain microsomal
sample incubated for 30 min corresponds to ent-kaurenoic acid that was accumulated by the
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strain prior to microsomal preparation and to ent-kaurencic acid accumulated from ent-kaurene
that had co-purified with the microsomes. The levels of ent-kaurenoic acid shown in Figure 158

were corrected for the dilution factor used.

Example 10. Steviol Glycoside Production in S. cerevisiae strains comprising Fusion
Constructs between a KO and a P450 Reductase Domain

[00195] CYP102A1 (also referred to as P450gys; SEQ ID NO:115, SEQ ID NO:116) is a
catalytically self-sufficient soluble enzyme from Bacillus megatarium. See, e.g., Whitehouse et
al., 2012, Chem Soc Rev. 41(3):1218-60. Two domains are present in the CYP102A1
polypeptide chain: a P450 heme domain (BMP) and an NADPH-dependent P450
oxidoreductase domain (BMR). CYP102A1 utilizes nearly 100% of the reducing power of
NADPH to produce a monooxygenated product. See, e.g., Yuan et al., 2009, Biochemistry
48(38):9140-6.

[00196] The BMR domain of CYP102A1 ("BMR”; codon-optimized nucleotide sequence set
forth in SEQ ID NO:117, SEQ ID NO:118) was fused to SrKO1 (SEQ ID NO:59, SEQ ID NO:79)
or a KO encoded by the nucleotide sequence set forth in SEQ ID NO:65 (amino acid sequence
set forth in SEQ ID NO:75) with a linker (SEQ 1D NO:121, SEQ ID NO:122), as described in
Dodhia et al., 2006, J Biol Inorg Chem. 11(7):903-16. A wild-type version of the BMR domain of
CYP102A1, as well as a W1046A mutant of the BMR domain (SEQ ID NO:119, SEQ ID
NO:120), which has been found to switch the cofactor specificity of CYP102A1 from NADPH to
NADH, were used. See, Girvan et al., 2011, Arch Biochem Biophys. 507(1):75-85. SrKO1
(SEQ ID NO:59, SEQ ID NO:79) and the KO encoded by the nucleotide sequence set forth in
SEQ ID NQO:65 were also truncated prior to fusion with the BMR domain of CYP102A1; these
truncations were predicted by bioinformatics to result in loss of membrane anchors of the KO
genes and in cytosolic versions of the KO-BMR fusion constructs. The KO-BMR fusion

constructs analyzed are shown in Table 8.

Table 8: KO-BMR fusion constructs and sequences.

Fusion Construct Codon-Optimized Amino Acid Sequence
Nucleotide Sequence
SrKO1-BMR SEQ ID NO:99 SEQ ID NO:100
SrKO1-BMR W1046A mutant | SEQ 1D NO:101 SEQ ID NO:102
Truncated SrKO1-BMR SEQ ID NO:103 SEQID NO:104
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Truncated SrKO1-BMR SEQ ID NO:105 SEQ ID NO:106
W1046A mutant

KO (encoded by nucleotide SEQ ID NO:107 SEQID NO:108
sequence set forth in SEQ ID

NO:65)-BMR

KO (encoded by nucieotide SEQ ID NO:109 SEQID NO:110

sequence set forth in SEQ ID
NQO:65)-BMR W1046A mutant

Truncated KO (encoded by SEQ ID NO:111 SEQID NO:112
nucleofide sequence set forth
in SEQ ID NO:65)-BMR
W1046A mutant

[00197] The KO-BMR fusion constructs were cloned and transformed in the RebB-producing
strain described in Example 2, which was modified to not comprise any additional KO genes.
Thus, steviol glycosides, including 13-SMG, 1,2-bioside, and RebB, were only accumulated
upon expression of a functional KO. Three scrapes (1 plL loop of cells) from each
transformation plate were resuspended in 200 ul nanopure H,O. 70 uL were then transferred to
1 mL SC-URA in a 96 deep well plate and incubated at 30°C for 5 days at 400 rpm. Biological
triplicates were analyzed by LC-MS (method 2 of Example 1) to measure 13-SMG, 1,2-bioside,
and RebB levels, and single samples were analyzed by LC-UV to measure ent-kaurene and

ent-kaurenoic acid levels.

[00198] For LC-MS, 50 pL samples were mixed with 50 pL. 100% DMSO and heated to 80°C
for 10 min. Subsequently, the samples were spun down at 4000 RCF for 10 min, and 85 pL of
the resulting supernatant was transferred to an LC-MS plate. The LC-MS results were
normalized by ODggo of individual cultures, which was measured by a Wallac, 2104 EnVision

(Perkin Elmer) plate reader.

[00199] LC-UV was conducted with an Agilent 1290 instrument comprising a variable
wavelength detector (VWD), a thermostatted column compartment (TCC), an autosampler, an
autosampler cooling unit, and a binary pump and using SB-C18 rapid resolution high definition
(RRHD) 2.1 mm x 300 mm, 1.8 ym analytical columns (two 150 mm columns in series; column
temperature of 65°C). Steviol glycosides and steviol glycoside precursors were separated by a
reversed phase C18 column followed by detection by UV absorbance at 210 mm.
Quantification of steviol glycosides was done by comparing the peak area of each analyte to
standards of RebA and applying a correction factor for species with differing molar
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absorptivities. Quantification of steviol glycoside precursors (such as kaurenoic acid, kaurenal,
kaurenol, ent-kaurene, and geranylgeraniol) was done by comparing the peak area of each
analyte to standards of kaurenoic acid and applying a correction factor for species with differing
molar absorptivities. For LC-UV, 0.5 mlL cultures were spun down, the supernatant was
removed, and the wet weight of the pellets was calculated. The LC-UV results were normalized

by pellet wet weight.

[00200] As shown in Figures 16B and 16D, the S. cerevisiae strain transformed with empty
plasmid accumulated ent-kaurene. Transformation with a plasmid comprising SrKO1 (SEQ ID
NO:59, SEQ ID NO:79) or with a plasmid comprising the KO gene having the nucleotide
sequence set forth in SEQ ID NO:65 resulted in accumulation of 13-SMG, 1,2-bioside, and
RebB (Figures 16A and 186C).

[00201] Expression of full-length STKO1-BMR fusion constructs (wild type or W1046A mutant
BMR; SEQ ID NOs:89-102), resulted in an increase in ent-kaurenoic acid, 13-SMG, and RebB,
compared to expression of SrKO1 (SEQ 1D NO:59, SEQ ID NO:78). See Figures 16A and 16B.
Expression of truncated SrKO1-BMR fusion constructs (wild type or W1046A mutant BMR; SEQ
ID NOs:103-106) resulted in an increase in ent-kaurenocic acid, compared to expression of
SrkKO1 (SEQ ID NO:58, SEQ ID NO:79) (Figure 16B). Although the truncated SrKO1-BMR
fusion constructs also increased steviol glycoside production, glycosylation activity was higher
for the full-length SrKO1-BMR fusion constructs than for the truncated SrKO1-BMR fusion

constructs (Figure 16A).

[00202] Expression of a fusion construct comprising the KO encoded by the nucleotide
sequence set forth in SEQ ID NO:65 and the wild type BMR (SEQ ID NO:107, SEQ ID NO:108)
resulted in greater conversion of ent-kaurenoic acid to 13-SMG, compared to the KO encoded
by the nucleotide sequence set forth in SEQ ID NO:65 (Figure 16C). Expression of a fusion
construct comprising the KO encoded by the nucleotide sequence set forth in SEQ ID NO:65
and the W1046A mutant BMR (SEQ ID NO:109, SEQ ID NO:110) resulted in decreases in ent-
kaurenoic acid levels but glycosylation activity similar to that of the KO encoded by the
nucleotide sequence set forth in SEQ ID NO:65 (Figure 16C).

Example 11. Evaluation of Steviol Glycoside Pathway in S. cerevisiae Strain Comprising
ICE2
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[00203] ICEZ2 is an endoplasmic reticulum (ER) membrane protein involved in mechanisms
such as ER zinc homeostasis and cytochrome P450 stability and/or activity. See, e.g., Estrada
de Martin ef al., 2005, J Cell Sci. 118(Pt 1):65-77 and Emmerstorfer ef af., 2015, Biotechnol J.
10(4):623-35. ICE2 (SEQ ID NO:113, SEQ ID NO:114) was cloned and overexpressed in a
steviol glycoside-producing S. cerevisiae strain comprising a recombinant gene encoding a
Synechococcus sp. GGPPS polypeptide (SEQ ID NO:49), a recombinant gene encoding a
truncated Z. mays CDPS polypeptide (SEQ ID NO:37), a recombinant gene encoding an A.
thaliana KS polypeptide (SEQ ID NO:6), a recombinant gene encoding a recombinant S.
rebaudiana KO polypeptide (SEQ ID NO:58, SEQ ID NO:79), a recombinant gene encoding an
A. thaliana ATR2 polypeptide (SEQ 1D NO:51, SEQ ID NO:87), a recombinant gene encoding
an SrkKAHe1 (SEQ ID NO:18, SEQ ID NO:68) polypeptide, a recombinant gene encoding an S.
rebaudiana CPR8 polypeptide (SEQ ID NO:24, SEQ ID NO:28), a recombinant KAH gene
encoded by the nucleotide sequence set forth in SEQ ID NO:81 (corresponding to the amino
acid sequence set forth in SEQ ID NO:82), a recombinant KO gene encoded by the nucleotide
sequence set forth in SEQ ID NO:56 (corresponding to the amino acid sequence set forth in
SEQ ID NO:75), a recombinant KO gene encoded by the nucleotide sequence set forth in SEQ
ID NO:65 (corresponding to the amino acid sequence set forth in SEQ ID NO:75), a
recombinant gene encoding a UGT76G1 (SEQ ID NO:83) polypeptide, a recombinant gene
encoding an S. rebaudiana UGT85C2 polypeptide (SEQ ID NO:30), a recombinant gene
encoding an S. rebaudiana UGT74G1 polypeptide (SEQ ID NO:29), a recombinant gene
encoding an EUGT 11 (SEQ ID NO:86) polypeptide, a recombinant gene encoding a UGT91D2e
(SEQ ID NO:84) polypeptide, and a recombinant gene encoding a CPR1 (SEQ ID NO:61, SEQ
ID NO:76) polypeptide. Overexpression was performed by integration using the USER cloning
system; see, e.g., Nour-Eldin ef al., 2010, Methods Mol Biol. 643:185-200. Table 9 shows
additional recombinant genes (ICE2 and/or CPR12) expressed in the above-described strain.
The control strain did not comprise recombinant genes encoding ICE2 (SEQ ID NO:113, SEQ
ID NO:114) or CPR12 (SEQ ID NO:97, SEQ ID NO:98) polypeptides.

Table 9: ICEZ2 steviol glycoside-producing strains.

Strain Sequences
ICE2 "strain A" ICE2 (SEQID NO:113, SEQID NO:114)
Overexpressed CPR1 (SEQ ID NO:61,
SEQ ID NO:76)
| ICE2 “strain B’ ICE2 (SEQ ID NO:113, SEQ ID NO:114)
(2 copies)
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['ICE2 “strain C" | ICE2 (SEQID NO:113, SEQ ID NO:114) |

] CPR12 (SEQ ID NO:97, SEQ ID NO:98)

[00204] Fed-batch fermentation was carried out aerobically in 2 L fermenters at 30°C with an
approximate 16 h growth phase in minimal medium comprising glucose, ammonium sulfate,
trace metals, vitamins, salts, and buffer followed by an approximate 110 h feeding phase with a
glucose-comprising defined feed medium. A pH near 6.0 and glucose-limiting conditions were
maintained. Whole culture samples (without cell removal) were analysed by the LC-UV method

of Example 10 to determine levels of steviol glycosides and steviol pathway intermediates.

[00205] The following values were calculated based upon the measured levels of steviol
glycosides and steviol glycoside precursors. “Total Flux” was calculated as a sum (in g/L. RebD
equivalents) of measured RebA, RebB, RebD, RebE, RebM, 13-SMG, rubusoside, steviol-1,2-
bioside, di-glycosylated steviol, tri-glycosylated steviol, tetra-glycosylated steviol, penta-
glycosylated steviol, hexa-glycosylated steviol, hepta-glycosylated steviol, copalol, ent-
kaurenoic acid, glycosylated ent-kaurenoic acid, glycosylated ent-kaurenol, ent-kaurenal,
geranylgeraniol, ent-kaurenal, and ent-kaurene levels. “Pre-steviol glycoside/flux” was
calculated as (("total flux" — (geranylgeraniol + copalol + ent-kaurene + glycosylated ent-
kaurenol + ent-kaurenol + ent-kaurenal + ent-kaurenoic acid + glycosylated ent-kaurenoic acid) /
“total flux"). “KAH step/flux” was calculated as ((ent-kaurenoic acid + glycosylated ent-
kaurenoic acid) / “total flux”). “KO step/flux” was calculated as ((ent-kaurene + glycosylated ent-

kaurenol + ent-kaurenol + ent-kaurenal) / “total flux”).

[00206] The pre-steviol glycoside/flux, KO step/flux, and KAH step/flux values are shown in
Table 10 below. Decreased amounts of ent-kaurene, ent-kaurenol, ent-kaurenal, glycosylated
ent-kaurenol and increased amounts of ent-kaurenoic acid and glycosylated ent-kaurenoic acid
were observed in the strains comprising ICE2, as compared to the control steviol glycoside-
producing strain. These effects were stronger in the presence of CPR1 and/or CPR12 (Table
10). Overexpression of two copies of ICE2 (ICE2 strain B) resulted decreased ent-kaurene, ent-
kaurenol, ent-kaurenal, and ent-kaurenol glycoside levels and increased steviol glycoside levels,
compared to the control strain, ICE2 strain A, or ICE2 strain C (Table 10). Steviol glycoside
levels increased most in the steviol glycoside-producing strain comprising two copies of ICEZ2.
Thus, ICE2 was found to improve cytochrome P450 function.

Table 10: Pre-steviol glycoside/flux, KO step/flux, and KAH step/flux values for steviol

glycoside-producing strains comprising ICE2.
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Strain Pre-Steviol
Glycoside/Flux KO step/Flux KAH step/Flux
ICE2 “strain A" 0.38 0.36 0.22
ICE2 “strain B” 0.43 0.42 0.10
ICE2 “strain C" 0.39 0.38 0.19
Control 0.41 0.48 0.08

Example 12. Steviol Glycoside Production by Fermentation of 8. cerevisiae strain
comprising CPR1 and CPR12

[00207] Steviol glycoside-producing S. cerevisiae strains comprising a recombinant gene
encoding a Synechococcus sp. GGPPS polypeptide (SEQ ID NO:49), a recombinant gene
encoding a truncated Z. mays CDPS polypeptide (SEQ ID NO:37), a recombinant gene
encoding an A. thaliana KS polypeptide (SEQ ID NO:6), a recombinant gene encoding a
recombinant S. rebaudiana KO polypeptide (SEQ ID NO:59, SEQ ID NO:79), a recombinant
gene encoding an A. thaliana ATR2 polypeptide (SEQ ID NO:51, SEQ ID NO:87), a
recombinant gene encoding an SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68) polypeptide, a
recombinant gene encoding an S. rebaudiana CPR8 polypeptide (SEQ ID NO:24, SEQ ID
NO:28), a recombinant gene encoding a CPR1 (SEQ ID NO:61, SEQ ID NO:76) polypeptide, a
recombinant gene encoding an SrKAHe1 (SEQ ID NO:18, SEQ ID NO:68) polypeptide, a
recombinant KO gene encoded by the nucleotide sequence set forth in SEQ ID NO:56
(corresponding to the amino acid sequence set forth in SEQ ID NO:75), a recombinant gene
encoding a UGT76G1 (SEQ ID NO:83) polypeptide, a recombinant gene encoding an S.
rebaudiana UGT85C2 (SEQ ID NO:30) polypeptide, a recombinant gene encoding an S.
rebaudiana UGT74G1 (SEQ ID NO:29) polypeptide, a recombinant gene encoding a
UGT91D2e-b polypeptide (SEQ ID NO:88), and a recombinant gene encoding an EUGT11
(SEQ ID NO:86) polypeptide, as well as the recombinant genes shown in Table 11, which were
genomically integrated into the strains, were cultivated by fermentation. Levels of steviol
glycosides and steviol glycoside precursors were measured by LC-UV as described in Example
11.  The pre-KO/flux, pre-KAH/flux, pre-steviol glycoside/flux values were calculated as

described in Example 11.

Table 11: Recombinant genes also expressed in steviol glycoside-producing S.

cerevisiae strain in Example 12.

Strain Genes
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Example 12, | KO encoded by nucleotide sequence set forth in SEQ "’ib‘““N‘éTée]
Strain A (corresponding to amino acid sequence set forth in SEQ ID NO:75)

Example 12,  KAH encoded by nucleotide sequence set forth in SEQ ID NO:80
Strain B (corresponding to amino acid sequence set forth in SEQ ID NO:82)

' KO encoded by nuclectide sequence set forth in SEQ ID NO:56

(corresponding to amino acid sequence set forth in SEQ ID NO:75)

KO encoded by nucleotide sequence set forth in SEQ D NO:65
(corresponding to amino acid sequence set forth in SEQ ID NO:75)

Example 12, | CPR12 (SEQID NO:97, SEQ ID NO.98)

; Strain C | KAH . encoded by nucleotide sequence set forth in SEQ ID NO:80

| (corresponding to amino acid sequence set forth in SEQ ID NO:82)

KO encoded by nucleotide sequence set forth in SEQ ID NO:56
(corresponding to amino acid sequence set forth in SEQ ID NO:75)

[00208] The pre-steviol glycoside/flux, KO step/flux, and KAH step/flux values are shown in
Table 12 below. In the strain comprising the KO encoded by nucleotide sequence set forth in
SEQ ID NQO:56 (strain A), lower accumulation of ent-kaurene, ent-kaurenol, ent-kaurnal, and
ent-kaurenol glycosides resulted. Higher levels of ent-kaurenoic acid and steviol glycosides
were also measured, as compared to the control strain. In the strain comprising the KAH
encoded by nucleotide sequence set forth in SEQ ID NO:80, the KO encoded by nucleotide
sequence set forth in SEQ ID NO:56 (corresponding to amino acid sequence set forth in SEQ ID
NO:75), and the KO encoded by nucleotide sequence set forth in SEQ ID NO:65 (strain B), ent-
kaurene, ent-kaurenol, ent-kaurenal, ent-kaurenol glycosides, and ent-kaurencic acid
accumulation decreased and accumulation of steviol glycosides increased, as compared to the
control strain. In the strain comprising CPR12 (SEQ ID NO:97, SEQ ID NO:98), the KAH
encoded by nucleotide sequence set forth in SEQ 1D NO:80, and the KO encoded by nucleotide
sequence set forth in SEQ ID NO:56 (strain C), ent-kaurenol, ent-kaurenal, ent-kaurenol
glycosides, and ent-kaurenoic acid accumulation decreased and accumulation of steviol
glycosides increased, as compared to the control. See Table 12. Thus, CPR12 was found to

be a reductase protein that improves KAH and/or KO activity.
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Table 12. Pre-steviol glycosideffiux, KO step/flux, and KAH step/flux values for steviol
glycoside-producing strains of Example 12.
Strain Pre-Steviol
Glycoside/Flux KO step/Flux KAH step/Flux

Example 12, Strain A 0.48 0.28 0.22
Example 12, Strain B 0.64 0.18 0.12
Example 12, Strain C 0.55 0.24 0.12

Control 0.40 0.43 0.17

[00209]
thereof, it will be apparent that modifications and variations are possible without departing from

Having described the invention in detail and by reference to specific embodiments

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.

Table 13. Sequences disclosed herein.

SEQ ID NO:1

MNLSLCIASP
SSYDTAWVAM
LACIVALKRW
LEKQTDFSLM
SATABAFINH
IRNVLDETYR
LETYHASHIL
RINTRRNIQL
ENKLDQLKFA
TNLIQCVEERW
MNSMLREAIW
FKLMSTQGRL
MKLIFEENGS
EEQR

LLTKSNRPAA
VESPNSPKSE
NVGEDQINKG
LHKRELEQKR
ONPGCLNYLN
CWVERDEQIF
YQEDLSSGKQ
YNVDNTRILK
ROKTAYCYFS
NVDVDKDCCS
TRDAYVPTLN
LNDIHSFKRE
IVPRACKDAF

SEQ ID NO:2

MNLSLCIASP
SSYDTAWVAM
LACIVALKRW
LEKQIDFSLM
SATAAAFINH
IEKNVLDETYR
LETYHASQIL

LLTKSSRPTA
VPSPNSPKEP
NVGEDQINKG
LHKRELEQKR
QNPGCLNYLN
CWVERDEQIF
YOEDLSSGKQ

LSATHTASTS
CEPECLNWLI
LESFIESNLAS
CHENEMDGYL
SLLDEFGNAV
MDVVTCALAF
ILKSADFLKE
TTYHSSNISN
VAATLSSPEL
EHVRILFLAL
EYMENAYVSFE
FKEGKLNAVA
WNMCHVLNFF

LSAIHTASTS
CFPECLNWLI
LEFIESNLAS
CHSNEIDGYL
SLLDKFGNAV
MDVVTCALAF
ILKSADFLKG

HGGQTNPTNL
NNQLNDGSWG
ATEKSQPSPI
AYISEGLGNL
PTVYPHDLFI
RLLERINGYEV
IISTDSNRLS
TDYLRLAVED
SDARISWAKN
KDAICWIGDE
ALGPIVKPAI
LHLSNGESGK
YANDDGFTGN

HGGQTNPTNL
NNQLNDGSWG
ATDKSQPSPI
AYISEGLGNL
PTIVYPLDLYI
RLLRIHGYKV
ILSTDSNRLS

IIDTTKERIQ
LVNHTHNHNH
GFDIIFPGLL
YDWNMVEKYQ
RLEMVDTIER
SPDPLAEITN
KLIHKEVENA
EYTCQSIYRE
GILTTVVDDF
AFKWQARDVT
YFVGPKLSEE
VEEEVVEEMM
TILDTVEDII

IIDTTKERIQ
LVNHTHNHNH
GFDIIFPGLL
YDWNMVEKKYQ
RLSMVDTIER
SPDQLAEITN
KLIHKEVENA

60

KQFKNVEISY
PLLEDSLSST
EYAKNLDINL
MENGSVFNSP
LGISHHFRVE
ELALKDEYAA
LEFPINTGLE
ELKGLERWVV
FDIGGTIDEL
SHVIQITWLEL
IVESSEYHNL
MMIKNKRKEL
YNPLVLVNEN

KLFENVEISV
PLLKDSLSST
EYAKNLDINL
MENGSVFNSP
LGISHHFRVE
ELAFKDEYAR
LEFPINTGLE

a0
120
i8¢0
240
300
360
420
480
540
600
660
720
780
784

60
120
180
240
300
360
420
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RINTRRNIQL
QNELDOLEFA
THLIQCVEERW
MNSMLREAIW
FEKLMSTQGRL
MELIFEENGS
EEQR

YNVDNTRILK
ROKTAYCYFS
NVIDVDRDCCS
TRDAYVETLN
LNDIHEFKRE
IVPRACKDAF

SEQID NO:3

MAMPVELTFA
KSKQHDQEAS
TCAMAFRILR
ILDEIGERSR
QHMLETPYLS
YEYLSAAGTM
VEFYSEQVEI
VPTEKEYMIN
TEEREYNEGK
ELFWKMCKVC

SLELKAVCCR
EATTROQLOL
LNGYNVESDE
TLLREQLESG
NQHTSRDILA
FSPELSDART
IFSSIYDSVN
ASLIFGLGPI
LNSVSLLVLH
YEFYSTTDGE

SEQIDNO:4

MECIRPWECE
WYAMVPSPDC
GIGEEQINKG
LHRRALELTS
IHIQDAECLH
TYRFWLQGEE
QLSYPDESLL
RERIKHYATD
DELKFARQKE
ELIERWDVNG
LTEACHWSENK
STCGRLLNDW
LOEKDSIIPR

S8ISATLTDP
PETPCFPECT
LREIELNSAS
GGGKNLEGRR
YIRSLLOKFG
EIFSDNATCA
ERQNSRTSYF
DIRILETSYR
AYCYFSRAAAT
SADPCEEEVE
SVPTLDEYMT
REFERESEEG
PCKDLFWNMI

SEQ ID NO:5

cgtecagteat
tttetttaty
ggaacgagga
aaaggagaag
tagttgggta
tgtgaaatygg
ccatcaatet
gaagtgggga
tgcattagtc
gatgattaas
tgacatgata
aagagaagea
gatagtcaaa
tgottttact
attogaggoet
tgteactett
ggatgaaacc
ttgtgottiyg
agaaccatit
ghitttotgtyg
gaagcagtyt
ctotgttega
tgcaagecta
caccagagtt
gttagetgtyg
tgataggtgg

caaggotaat
tetatcaace
ttggactcag
attaggaaga
geaarggttc
ttattggata
cttaagaagy
attggtgaaa
actgatgaaa
tatgctagag
cgadaaagag
tatctggect
tatcaaagga
cagtttggyga
gcagtteoctt
gaaagcttag
tatagatatt
gettteogat
gragaagaat
ttagaatitat
tgttggacta
gataaatacc
gaaagatcayg
acaaaaacct
gatgacttca
attgtggaga

TTYHSSNISN
VAATLESPEL
EHVRILFLAL
EYMENAYVSE
FREGRLNAVA
WHNMCHVLNFF

FSSGGHALRE
VIDVLENMGIS
LYHVVEASGL
GALREPSLEK
LEIRDFSEEQ
LWAENGVLTT
QLGEKASLVD
VLPALYFVGEP
GGPMSISDAK
SSQVERAKEV

ASKLVTGEFK
KWILENQLGD
VIDNEQHKPI
AYLAYVSEGI
NAVPTIYPLD
LAFRILRLNG
LEQGLENVSEL
CETIGNQDFL
LFAPELSDAR
IIYSATHSTI
TAHVSFALGP
KLNAISLYMI
KLLHTEYMED

tegtogegag
ttogetocte
aagtacagac
tgttggagaa
catcaccgag
atcaacatga
atgtgttate
gacaaataas
ceatacagaa
atttgaatolt
atotggatel
atgttttaga
aaaatgggte
atgatggttyg
cagtttatce
gaattgatag
ggcttegtgg
tattgettge
ctggtttete
ttaaggotge
aacaatatolt
tcaagaaaga
atcacaggayg
catatcgttt
atttectygcea
atagattgea

TYYLRLAVED
SDRRISWAKN
KDAICWIGDE
ALGPIVKPATL
LHLSNGESGK
YANDDGEFTGN

GESLPCWRRT
BHFAARETKCT
HNSLGGYLND
EVEHALDGPF
FTYQQELQHL
IVDDEFFDVAG
DRSITKHLVE
KISESIVKDP
RELQKPIDTC
DAVINEPLEKL

TTSLNFHGTK
GSWSLPHGNP
GFDITFPGMI
GERLODWEMAM
IYARLSMVDA
YDVELEDHES
CGDRLRENIT
KLAVEDFNEIC
MSWAKNGVLT
SEIGDKSFGW
IVLPALYFVG
HSGCGASTEEE
DGFTENEMRN

ttgectacgac
cggttgtteg
aagagetaac
agtggagett
ctceccaaaat
agatggatet
atotacacty
caagggtctc
accaacagyg
gacgaticea
taaatgtgat
ggggacasga
actgtttgat
totoocgttat
atttgatcaa
agatttcaas
ggatgaagaa
teatggoetat
tgatacttty
teaaagttat
ggagatggaa
ggtcgaggat
aaagatacto
goeacaatatt
gtccatacac
guaactygsaa

FYTCQSIYRE
GILTTVVDDF
AFKWQARDVT
YEVGPKLSEE
VEEEVVEEMM
TILDTVEDII

PTORETESET
LDRTYRSWLQ
TRTLLELHEKA
YTTLDRLHHR
ESWVKECRLD
SKEELENLVM
IWLDLLKSMM
EYDELFKLMS
RRDLLSLVLR
QGSHTLVEDV

ERIKKMFDKI
LLVKDALSST
EYAKDLDLNL
KYQRENGSLF
LERLGIDRHF
NELGGYLKDS
GEVHDALNFP
OSTQREEFKH
TYVDDFFDVG
QGRDVKBHVI
PKLSEEVAGH
TIEHFKGLID
VVKAIINEPI

gecgttteygg
toteoogatet
aatgtgaget
totgtttogy
gotecacttt
tggggactty
getagtatee
cagtttattg
trtgatatta
ttgggctecag
agtgaaaagt
aacctaaaag
tetocageca
ctetgttote
tatgecacgec
accgaaateca
atatgtttygg
gatgtgtott
gaaggataty
cecacatgaat
ttgtccaget
getotbgett
aatggtioty
tgoacctoty
cgtyaagaaa
tttgccagac

61

ELKGLERWVV
FDIGGTIDEL
SHVIQTWLEL
IVESSEYHNL
MMIKNKREKEL
YNPLVLVNEN

TRPAREVESG
RHEEIMLDTM
STVSISEDES
WNIENFNIIE
QLOFARQKLA
LVEMWDEHHK
TEVEWRLSKY
TCGRLLNDVQ
EESVVPRPCK

ELSVESYDTA
LACTILALKRW
PLEKPTDINSM
NSPSTTRARF
REKERKEVLDE
GRALELYRAL
DHANLORLAT
IERWVVERRL
GEEEELVNLI
KIWLDLLKSM
PELLNLYKVM
SQRRQLLOLV
SLDEL

thgoettotygg
cagecrtacttt
ttgagcaaac
cotacgatac
toocacagty
ataacoatga
tegegttaaa
agoctgaatte
tattteoctgg
aagtggtgga
tttecaaaggy
attgggatit
caacageagce
tecttecagaa
ttagtataat
aaageatatt
acttggooac
acgatcoget
ttaagaatac
cagetttgaa
gggttaagac
ttoooctoots
ctgtgygaaaa
atatcctgaa
tggaacgtet
agaagetgge
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480
540
6500
660
720
780
784

60
120
180
240
300
360
420
480
540
590

60
120
180
240
300
360
420
480
540
600
660
720
75

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
12860
1320
1380
1440
1560
1560
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ttactgttat
ategtgggeo
ghtccaaagaa
toctgagtac
cgaaacagga
aatttggttyg
aacaccaagce
tgtectecea
craatataat
aggttttaag
cgagagagac
aaagaggygaa
atgeaaagaa
tggattcaca
cttacagaaa
aaataagact

ttetetgggy
aaaggtggag
gaactggaaa
agctcagaac
gacaaageat
gatetgoetea
ttggaggatt
gotacctate
cagectectaca
agagaaageg
aatogoages
gaattgeata
gegttettga
tcaaatgato
gaatetbttaa
ttggtettet

SEQ ID NO:6

MSINLRSBGC
YAMVESPSSQ
GIGERQINKG
IRKRDLDLKC
TQFGNDGCLR
TYRYWLRGDE
VLELFKARQS
LERSDHRRKI
WIVENRLQEL
BEELENLIHLV
LODLLESMLRE
NQLYKLVSTM
EELHKLVLEE
KESLT

SSPISATLER
NAPLFPQCVK
LOFIELNSAL
DSEKFSKGRE
YLCSLLOKFE
EICLDLATCA
YPHESALKKQ
LNGSAVENTR
KFARQKLAYC
EKWDLNGVPE
AEWSSDKSTP
GRLLNDIQGE
KGSVVPRECK

SEQ ID NO:7

MDAVTGLLTV
NLLOLEKEEKKP
KALKVLTADK
VENNPEQEEV
GAIDVDWRDE
LLSEAQTLTD
KITEEHLSQL
MDENVWENPE
EWKLEDMIQE

PATAITIGGT
YMTETRWAAT
TMVAMSDYDD
DLRKIFQSEL
FPYLKWVPNK
QUQLIMSLWEP
PYITAIFHET
EWNPERFMKE
EVNTIGLTTIQ

SEQ ID NO:8

MAFFSMISIL
EKKPHETETR
TCDESMVATS
EPVNFRAIFE
RDFEPPYLKWI
LTREQIAILV
SQVPYLNGVFE
RPEDWWPERF
DGEEENVDTY

LGFVISSFIF
WSEIYGPIYS
DYDDFHELVK
HELFGVALKQ
PNKSFEARIQ
WETIIETADT
HETLRKYSPA
LDDGEYETSD
GLTSQKLYPL

SEQIDNO:9

MSKENSMNST
VVGYRSVFEP
LESQDKTRSVE
KEMPDOMEKNDE

SHETLFQQLV
TWLLRLREFVW
PEINDFAGQY
WVEVDISSIM

ctgcaacttt
tacttacaac
accteataca
atgttgagat
teaccetatea
agtectatgtt
acatggaaaa
tgatcggace
agctogtyay
cggaagggaa
aagaagtygat
agotagtitt
aaatgageaa
tgatgagtot
cttgatocaa
tetttgtitge

GLDSBEVQTRA
WLLDNQHEDG
VIDETIQKPT
AYLAYVLEGT
AAVPBVYPFD
LAFRLLLAHG
CCHTKQYLEM
VITKTSYRLHN
YFSGAATLES
YSSEHVEIIF
SLEDYMENAY
KRESAEGKLN
EAFLKMSKVL

AVALAVALIF
YGPIYSIKTG
YHETVERHIL
FGLAMROALG
KFENTIQOMY
IIESSDTTMV
LRRHSPVPII
NETIDFQKTM
MLRPLRATIK

IFFFRKLLEF
IKMGSSSLIV
RCLLNGLLGA
AFGKDVESIY
QKHERRLAVM
TLVITEWATIY
PLVPIRYAHE
LHKTMAFGAG
MATINPRRS

LGLDRMPLMD
EGGSTIGQEY
TREMVEFLQSD
VRLISRISAR

attttctcea
ggttgtagac
cttggtogaa
catattotoa
aggacgcaat
gagagaagecce
tgegtacats
tocacttoca
cactatgggt
gctgaatygog
catagaatey
ggaggagaaa
agtgttgasac
tgttaaatea
gttygatctygg
tteagaacaa

NNVSFEQTKE
SWGLDNHDHQ
GFDITFPGMI
BRNLEDWDLIV
QYARLSIIVT
YDVSYDPLKP
ELSSWVKTSV
ICTSDILKLA
PELSDARISW
SVLRDTILET
ISFALGPIVL
AVSLHMKHER
NLEYREDDGF

WYLESYTSAR
ATBMVVVSEN
TAVLGPNAQK
KDVESLYVED
IRREAVMKSL
TTEWAMYELA
PLEHVHEDTYV
AFGGGKRVCA
PRI

SRENMSEVST
LNSTETAKEA
NAQKRERHYR
VKELGVTLSK
NALTIQDRLKQ
ELAKHPSVQD
DTQIGGYHVP
KRVCAGRALOA

VHWLIYVAFG
NKFKDSIFQV
LONRVIQQRL
VFLGPEHCRN

gaactatctg
gacttctttg
aagtgggatt
gttotaaggy
gtgacacace
gagtggtcea
tecatttgeat
gagaagacayg
cgtettotaa
gtitteattge
atgaaaggtt
ggaagtgtyy
ttattttaca
gtgatetacy
caggtaaact
gaagag

KIREMLERVE
SLEKKDVLSST
EYARDLNLTI
KYQRKNGBLF
LESLGIDRDF
FAEESGFEDT
RDEYLKKEVE
VDDENFCQST
AKGGVLTTVV
GDEAFTYQGR
PATYLIGPPL
DNRSKEVIIE
TSNDLMSLVK

RSQSNHLPRV
EIAKEALVTR
KHRTHRDIMM
LEITMNRDEI
IKEHKKRIAS
KNPELQDRLY
LGGYHVPAGT
GSLOALLTAS

LPSVPVVEGE
MVTRFSSIST
DALIENVBEK
DEIFKVLVHD
NGSESDDRCY
RLCKEIQNVC
AGSETIAINIY
SLMAGIAIGR

BHLCSYVIHV
REKLGTDIVII
TPELVSLTRV
QEWLTTTAEY

62

atgctegtat
atgttggagy
tgaacggtgt
acaccattot
acattgtgaa
gtgacaagte
taggaccaat
togatageea
atgacataca
acatgaaaca
tageagagay
ttoccaaggga
ggaaggacyga
ageotgttay
cagtaaatga

LSVSAYDTSEW
LASILALKKW
PLGSEVVDDM
DSPATTAAAF
KTEIKSILDE
LEGYVKNTFS
DALAFPEYAS
HREEMERLDR
DDFFDVGGEK
NVTHHIVKIW
PEKTVDSHQY
SMEGLAERKR
SVIYEPVSLD

PEVPGVPLLG
FOSISTRNLSE
DNISTQLHEF
FQVLVVDPMM
GEELNSYIDY
RDIKBVCGEE
BLAVNIYGCN
IGIGRMVQER

PVIGNLLQLK
RELSNALIVL
LHAHARDHPQ
MMEGAIDVDW
LNFLMSEAKT
GGEKFKEEQL
GONMDEKRWE
LVQEFEWKLR

LSSS8TVRVE
PPNYIDEVRK
MKEELDYALT
SESLFITGFI

PCT/EP2015/070620

1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
25086

&0
120
180
240
300
360
420
480
540
600
660
720
780
785

60
120
180
240
300
360
420
480
513

60
120
180
240
300
360
420
480
508

60
120
180
240
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LEVVPHILRP
KQIDNIAQRM
NRFHRLDSFL
PGPTPPTEFD
AILLLOFEFK

FIAPLLPBYR
LILSLASTIHT
KESQRFNPVE
GFRYSKIRSD
LPDGEGRPRN

SEQ ID NO:10

MEDPTVLYAC
YDGYRGETFK
DPYHVDIIRE
RVEVGLPACR
VAPLVEERRR
NTITHALYHL
SLTRMADKDT
KHQFVNTSVE
TVLPAPAGQV

LAIAVATEVV
IAMLDRWIVI
KLTRGLFAVL
NQGYLDLAID
LMEEYGEDWS
BEMPETLQPL
TLEDETFLPK
YVPFGHGKHA
LFRERQVEL

SEQ ID NO:11

agacaaagaa
tggaaggttt
cecattiotyy
tttgttegtyg
ggcgacogtt
aacaageotygg
ctecacgatic
cetgatgott
gacgttcatt
tttgagettyg
gygttcettgt
acacgatttt
attaaageaa
teacatttge
gacaacatct
ctecatygaagsa
gagatatcga
aaatactoot
tatagagagyg
ctgeactgga
tttgacccat
ggggggceeta
cacaatattg
gatcoecatgg
ttacttcaag
cagattatgt
acttatgtaa
ataaatgtat

tgattcaagt
acaageacca
gogaaactet
aacggatcaa
ttgeggtgtt
tggogtoghy
gtggtgatya
tegoaactca
ggcgagggaa
catgtegttt
teaacatttt
atagctccaa
gaaaactgga
ttacateteo
tgttactact
ctottggega
agacgaaaga
ggagtgttat
ceottgtgga
gtgetgtatc
cacgutityga
gaatgtgttt
teaccaattt
ctaccocagce
catgaatcag
gtttttatgg
tttgtgectyg
aattagtaas

SEQ ID NO:12

MIQVLTPILL
ERIKKHGEPL
RGDEAKWMRE
ACRLFMNLDD
RELELKEGEA
TLGEHSDVYD
ALVDIDYAGY
RMCLGKEFAR

FLIFEVEWKY
VEKTSLFGDR
MLLSYLGPDA
PNHIAKLGSL
555QDLLSHL
KVLKEQLEIS
TIPKGWKLHW
LEVLAPLHNI

SEQ ID NO:13

TLLENVSSGR
TAMTMTHAMY
LLTFNRIYHQ
SNYAQKYLFS
ITIDSDMIED

RWYRDPLRET
ANGPKLADEV
PDVIEELTLA
FTLSVVKDRA
EKPNDMLOWI
REETEPLVKE
GTLVAVPAYS
CPGRFFAANE

tetaacacey
gaaaaccaas
goracteota
gaaacacgyga
gtgtggacet
gtggecoggtt
agetaagtgy
tratgoogte
ggaagaggty
attecatgaac
ctitgaaagge
aaaageagea
actgaaagas
agatgaaaat
ctttgcgggt
acattotgat
agcatgggag
atgtgaagto
tattgattat
gacacaaagy
aggoegeagga
agggaaagaa
cagatygyggac
asaggggett
tgatgtgaayg
catgaagaag
taagtaacty
ttttetgete

YKHQETKINL
FAVLCGPAGN
FATHYAVTMD
FNIFPLKGIIE
LTSPDENGME
KTKEAWESLK
SAVETQRDEA
VINFKWDLLI

RVIGDITRED
DLCACPEYIE
SMTLESDGTNI
MTDSSNMAFG
PRARLOVRER

PTVGEGESDLPI
RRRPDEELNF
VREQYIPTEGD
IINMFPELLK
MDEAASRDSS
EGWTEAAMGK
THRDDAVYAD
LEAMLAYIVL

atcottetet
atcaatetic
cgtygcaggtt
agtectotag
gocggaaaca
ceggtgagga
atgaggaayga
accatggacy
aacgtattoe
ctagacgacc
atcattgage
geagetatoa
gugaaggeat
gutatgttto
catgatacet
ghttatgaca
tceoctygaaat
atgagactaa
gegggttata
gacgaggcta
cegactocat
tttgectegat
ctgttgatac
cocaattoghto
gtaaaccata
ttatgataaa
aatctattaa
aaaaaaaaaa

PPGSFGWPEL
KFLFCNENKL
VVTRRHIDVH
LPIDVPGTRE
LTEEEIVDNT
WEDIQRMKYS
NFEDVIRFDP
PDEKIEYDPM

QGDENEDILS
PLRDEVESVV
PSGTRIAVES
YGKYACPGRE
SLRDE

LEYIGALRWT
MDGLGAFVQT
EWVEVNCSKA
PIVGRVVGNA
VEAIAERLLM
MWALDEFLRE
ALVFDPFRFS
NYDVELPGDG

tecteatttt
caccgggaag
gugactcaga
tgtttaagac
agttocctgtt
agettttogy
tgttgttate
togteacceyg
aaacogttaa
caaaccacat
ttccaatcyga
ggattgaact
catectteaca
taaccgaaga
cygotoebtto
aggtygttaaa
gggaggacat
atccacotgh
ccatooceaa
actttgaaga
tecacctttgt
tggaagtact
ctgatgagaa
ttcatcocea
atggatctta
taaaattgtyg
tgttttatgt
aaaaaaaaaa

GETLALLRAG
VASWWPVPVR
WRGKEEVNVE
YSSKKAAAAT
LLLLFAGHDT
WIVICEVMRL
SRFEGAGPTP
ATPAKGLPIR

63

WMRDAATGEE
GASGWDKTAL
HAMLODSAHV
YASNEMKLTL

RRGREILQEG
KYTLGEATHN
ARDIVARASN
TRNVERAVPE
VNFAAIHTSES
SQRYNGINIV
RMBAREGEGT
KRPLNMYWGP

cttogtibtte
cttoggatygy
gecgdgagaga
gtogbtgtit
ctgeaacygay
caagtototy
gtatcteggt
teggeatate
gttatatgee
tgoaaaacto
cgtoocayyy
agaaaaatltyg
agacctotta
agagattgta
aatcactityg
agagoaacta
acaaaagatyg
tataggaacc
aggatggaag
cgtaacacgt
tecgtttgga
tgogtttett
aatagaatat
tecaagtttga
ttggtagtta
ttattctaca
gacatgaaac
adaaaasa

WDSEPERFVR
KLFGKSLLTI
QTVELYAFEL
RIELKKLIKA
SALSTTLLMK
NPPVIGTYRE
FTEVPFGGGP
LHPHQV

PCT/EP2015/070620

300
360
420
480
525

60
120
180
240
300
360
420
480
499

60
120
180
240
300
360
420
480
540
600
660
720
780
g§40
900
860

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1678

60
120
180
240
300
360
420
476
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MGLFPLEDSY
GLPHLALASL
FNYVSFSFAP
EGKVLVEMEKK
FPFLGWLDLG
SPLEGYGTDT
QVNESDLVNL
RDPNIWSDPC
LLONFEMSTP

ALVFEGLAIT
ADRCGPIFTI
YGPYWVGIRK
WFWELNMNIV
GYKKTMELVA
IIKTTCMTLI
IYLEAVLKEA
EFRPERFLTP
NDAPVDMTAS

SEQ ID NO:14

MIQVLIPILL
ERIKKHGSPL
RGDEAKWMRK
ACRLFMNLDD
RELELKEGKR
TLGEHSDVYD
ALVDIDYAGY
RMCLGKEFAR

FLIFFVEWRRV
VEKTSLEFGDR
MLLSYLGPDA
PNHIAKLGEL
SSSQDLLSHL
KVLKEQLEIS
TIPKGWKLHW
LEVLAFLHNI

SEQ ID NO:15

MESLVVHTVN
EMORIQSEAK
ELSQTNTLNL
ESAMPMLNEW
LTAITKRSVL
LMQLILEGAM
VKIRDEILSS
KGVCIWTLIP
GMMEVEVLVS

ATWCIVIVGI
HCSGDNIISH
GRITHITKRL
EEMVERGGEM
FRENGFTDMV
RSCDGNLWDK
CENGIPDAES
ALHRDPEIWG
LIVSKFSFTL

SEQID NO:16

MYFLLQYLNT
LPHITLGNMA
NYAMFGFSPY
GLVSVEMKQW
DAIPFLGWLD
GENLGGYDAD
RLYNEQDRISK
QKDPRIWSDP
FLHAFEFSTPE

TTVGVEATLE
DEYGPVFTIR
GEYWREMRKT
FGDLTLNVIL
WGRHEKTLKK
TINKATCLTL
LVYLQAIVKE
TEFQPERFLT
SNEQVNMRES

SEQ ID NO:17

MEPNFYLSLL
KFIFDRMRKY
LDSNLKEEST
FLLACRLFMS
IKQERVDLAE
LVEYLGELPH
FREAITDEMF
GGPRMCPGKE

LLEVTFISLS
SSELFKTSIV
KEMREKLLPQFF
VEDENHVAKF
GTASPTQDIL
IYDEVYQEQM
NGFSIPEGWK
YARLEILVFEM

SEQ ID NO:18

atggaagoct
actcaactta
attggacact
aagtacggac
cecatcageag

cttacctata
gaaggaagayg
tatacttact
caatactgea
cagaagagty

LALYYLLSFI
RLGIRRVLVV
ITATKILMSSS
LRTVAGKQYT
SRLDSMVSKW
VSGVDITSIV
LRLYPAAFLG
NQKDVDVIGM
VGMTNAKASP

YRHOKTKINL
FAVLCGPAGN
FATHYAVTMD
FNIFLKGIIE
LTSPDENGME
KTKEAWESLK
SAVSTQRDEA
VINFEKWDLLI

FSVGYHVYGR
DYSSSLFPHE
NPILGNGIIT
GCDIRVDEDL
FGSKKHGDVD
SAYRREVVDN
IPNLETVIMY
PDANDFKPER
SPTYQHSPSH

LSYCLLLWRS
IGLHRAVVVS
ISLELLSNSR
RMVAGKRYFS
TATEMDSIAQ
ISGGESDTTIVV
TLRLYPPGPL
THEDVDPRGK
LGLTNMKSTP

LEFIFYKQKS
GESTVVCCGA
KPEALORYVG
SDPFQLIAAG
SHMLLTSDEN
EIAKSKPAGE
LYWSANSTHE
HNLVERFKWE

catttetatt
cgctaatcta
caaaaagcet
attacaactc
ctttaccaat

YKTSKKTCTP
SNWEIAREIF
RLOKLQFVRV
GTVDDADAKR
LDEHRKKQAN
LTWALSLLLN
GPRAFLEDCT
DFELIPFGAG
LEVLLSPRVK

PPGEFGWEFL
KFLFCNENKL
VVTRRHIDVH
LPIDVPGTRF
LTEEEIVDNI
WEDIQEMKYS
NFEDVIRFDP
PDEKIEYDEM

AVVEQWEMRR
DHWRKQYGRI
SNGPHWAHQR
KDVSADVIAK
IDALEMELES
CESIYFAGHD
IQETMRLYPP
FSEGISKACK
KLLVEPQHGV

RAGNKKIAPE
SWEMAKECST
LELLEKDVRAS
ASDASENKQA
EWLEEHRRRK
SLTWALSLVL
GGLRQFTEDC
HFEFIPFGAG
LEVLISPRLS

PLNLPPGKMG
ASNKFLFSNE
VMDVIAQRHF
IISLPIDLPG
GKSMNELNIA
LLNWDDLKEM
NAECEFPMPEK
KVIPDEKIIV

ttgottttac
craccaaccy
ctttatagaa
ggetacagac
aacgatgtaa

PEASGEHPIT
TTHDLIVSNR
FELENSMKSI
ISELFREWFH
DDKKEDMDEM
NRDTLKKAQE
VAGYRIPKGT
RRYCPGTRLA
Ws

GETLALLRAG
VASWWEVPVR
WRGKEEVNVF
YSSHKARAAT
LLLLFAGHDT
WSVICEVMRL
SREEGAGPTP
ATPRKGLPIR

SLELOGVEGP
YTYSTGLKQH
RIIAYEFTHD
ACFGSSFEKG
SIWETVKERE
STAVSVSHCL
APIVGREASK
YEQOSYIPFGL
VIRVY

AARRPWPIIGH
ANDQVEEERP
EVVTSIKELY
QRCRRVFREF
DEGDDNSTQD
NNRDTLEKAQ
TLGGYHVEKG
REACPGITFG
SCELYN

YPIIGESLEF
NKLVIAWWED
VITHWDNENET
TPENKATKAS
DKILGLLIGG
KYSWNVACEV
FDPTRFEGNG
DEFPIPARDL

tygecatcata
tgtttecate
ctttagcaaa
gtgttectggt
tettegeaaa

64

GHLNLLSGSS
PRKYLAARKILG
RESWKEKKDE
YTGREVVGDA
DIMISMTEAN
ELDMCVGKGR
CLLINMWKLH
LOMLHIVLAT

WDSEPERFVR
KLFGKELLTI
QIVKLYAFEL
RIELKKLIKA
SALSITLLMK
NPPVIGTYRE
FTEVPEGGGP
LHPHQV

PPSIFNGNVS
LYINHPEMVK
KIRGMVGLMV
KATFSMIRDL
IECKDTHEKD
MLLALNPSWQ
DIRLGDLVVP
GPRTCVGKNF

LHLLAGGSHQ
ELLASKLLGY
KLWAEKKNES
FHLSGLFVVA
FMDVMQSVLD
EELDIQVGKE
TRLIMNLSKI
LOVLHLTLAS

LESTGWKGHPE
SVNKIFPTTS
TVYPLAERYT
NFIRKELIKI
HDTASVACTFE
MBRLEPPLOGG
PAPYTEVPFG
PIRLYPHER

cotgttcace
aataccaatc
aattgeeget
gattteotea
tagacctaag

PCT/EP2015/070620

60
120
180
240
300
360
420
480
522

60
120
180
240
300
360
420
476

60
120
180
240
300
360
420
480
525

&0
120
180
240
300
360
420
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526

60
120
180
240
300
360
420
479

60
120
180
240
300
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acattgtityg
tggegtaate
tttcatgata
teteetgtta
atctctyggea
titegagasaa
ttaccaatat
agaaagagag
aaagtaggea
cectgagtact
agtgatactt
gtattgaayga
gagtoagaca
tatccageag
tacaatatac
aaagtctgyg
agagatggtt
ttggcaataa
agagtaggag
gttecattag
taa

geaaaatagt
taaggagagt
teagagtgga
ctettataac
aaagatattt
tottagacga
tgaactggtt
atgacttrtt
aaggtagaaa
atacagatgco
cagegggeac
aagetcaagce
troggasatat
ggeeatigtt
ctagaggtac
atgatcotya
teaaacttat
ggotgttagy
atgagatgyt
ttgeecaaatyg

SEQIDNO:18

MEASYLYISI
KYGPILQLOL
WRNLRRVAST
ISGERYFDSG
KERDDFFQGL
SDTSAGTMEW
YPAGPLLFPH
RDGFKLMPFG
VPLVAKCKPR

LLLLASYLET
GYRRVLVISS
EILSVHRLNE
DRELEEEGKR
IEQVRESRGA
AMSLLVNHPH
ESSADCVISG
SGRRGCPGESG
SEMTNLLSEL

SEQ ID NO:20

MQSDEVEVEP
IGCLVELMWR
ALVEEBKVRY
KWETEGDDKG
CIEDDFTAWK
GHVVHDAQHP
VDEALKLLGL
LLALAAHABD
VAPRLQPRYY
SQASIEVRTS
RNREVDFIYE
YVCGDAKGMA

FDLVSAAMNG
RESSKKLVOD
ERTSFRVIDL
EWLKKLQYGV
ELVWPELDQL
SRENVAFKKE
SPOTYFSVHA
PSEADRLKFL
SISSSPKMSP
NFRLPVDPKV
DELNNEVETG
KDVHRTLHTI

SEQ ID NO:21

MTSALYASDL
LMIPKSLMAK
LDDYRADDDQ
VFALGNRQYE
LLEDEDDKSV
KELHTHESDR
HADEEDGEPL
HLTSPDGKDE
APSRVHVTEA
STPIVMVGEG
QGVISELIMA
TIVQEQEGVS

PEQLESIMGT
DEDDDLDLGS
YEEKLKKETL
HENKIGIVLD
ATPYTAVIPE
SCIHLEFDIS
ESAVEPPPREPG
YSQWIVASQR
LVYGPTPTGR
TGLAPFRGFL
FEREGAQKEY
SSEAEAIVKK

gggtygaaca
agettotate
tgagaacaga
agteottttat
cgacagtggg
aacgtigett
gugagttaag
ceagggtttg
aacygatgatc
tatgataaga
tatggaatgg
tgaaatcgat
cecttacate
gttooceacat
aatgttaate
aacctttaaa
gocattoggt
gatgacacta
tgacatgaca
taageocacyt

TQLRRKEANL
PSAAEECETN
FHDIRVDENR
FREILDETLL
KVGEGRETMI
VLKKAQAEID
YNIPRGTMLI
LAIRLLGMTL

KAMEKLNASE
PVPQVIVVKK
DDYAADDDEY
FGLGNRQYEH
LRDEDDTSVT
LHTSQSDR3C
DKEDGTPIGG
ASPAGKDEYA
NRIHVTCALV
PVIMIGPGTG
ALSELIVAFS
VOEQGELDSSE

DSLSDDVVLV
GETRVEIFFG
AFFCVATYGD
EELCKKGAKR
YRVVTHDPRE
RIGITYETGD
PCTLGTGLAR
SLLEVMAATEP
ITHRGVCSTWM
QERMALKEDG
VOHEMMEKAR
LOTEGRYLRD

toccttggea
gaaatcotat
ttgttaatta
getetaacat
gatagagaat
ctagceggtyg
totottgaaa
attgaacagg
gaactcttat
tettttgtee
gooatgagolt
agagttatoeg
gggtgtatta
gaaagttctyg
ghtaaaccaat
cotgaaagat
tetgggagaa
ggctecagtyga
gaaggtttgg
tecgaaatga

PPIVFPSIPI
NDVIFANRPK
LLIRKLRESS
LAGASNVGDY
ELLLSLQESE
RVIGNNRLID
VNQWATHHDP
GSVIQUFDWE

SEDPTTLPAL
KEKESEVDDG
EEKLEKESLA
FNKIAIVVDD
TPYTAAVLEY
THLEFDISHT
ASLPPPFPPC
QWIVANQRSL
YETTPAGRIH
LAPFRGFLQE
REGTAKEYVQ
KAELYVENLQ

IATTSLALVA
TQUTGTAEGFA
GEPTDNAARFE
LIEVGLGDDD
TTQESMESNVY
HVGVYAENHV
YADLLNPPRK
SAKPPLGVEF
KNAVPAEKSH
EELGSSLLEF
QVWDLIKEEG
VW

gtttatccta
cagttcatag
gaasaacttag
tgaacgtoat
tggaggagga
cttctaatgt
agasattgat
ttagaaaatc
tatctttgea
taggtotget
tactggtcaa
gtaataacag
tecaatgaaac
cegactgeogt
gggegattca
ttcaaggatt
gaggatgtee
tecaatgttt
gtgtcacact
ctaatctoot

IGHLYLLKKE
TLFGEIVGGET
SPVILITVEY
LPILNWLGVK
PEYYTDAMIR
ESDIGNIPYI
KVWDDPETFK
RVGDEMYDMT

KMLVENRELL
KKKVSIEYGT
FEFLATYGDG
KLTEMGAKRL
RVVYHDEPAD
GLSYETGDHV
TLRDALTRYA
LEVMQSFPSA
RGLCSTHWMKN
RLALKESGTE
HEMSQKASDI
MSGRYLRDVW

GFVVLLWKKT
KALSEEIKAR
YEWFTEENER
QSIEDDFNAW
ANGNTTIDIH
EIVEEAGKLL
SALVALAAYA
AAIAPRLOPR
ECSGAPIFIR
GCRNROMDET
YLYVCGDAKG

65

cggegatcaa
gttgaacygaa
aagttcatot
tatgagaatyg
aggtaagaga
tggegactac
cygctttygeag
togtgghgot
agagtcagaa
ggotgoaggt
tecacccacat
attgattgac
tctaagacte
tatttcecggt
teacgatcoot
agaaggaact
aggtgaaggt
tgattgggag
tectaaggec
atcogaactt

LYRTLAKIAA
SLGELEYGEDD
ALTLNVIMRM
SLEKKLIALQ
SEVLGLLAAG
GCIINETLRL
PERFOGLEGT
EGLEVTLEPKA

TLETTSFAVL
QTGTAEGFAK
EPTDNAANEY
VPVGLGDDDQ
SYAEDQTHTN
GVYBENLSEV
DVLESPRKKVA
KPPLGVEFAA
AVPLIESPDC
LGSSIFFFGC
WKLLSEGAYL

TADRSGELKP
YEKAAVKVID
DIKLQQLAYG
KESLWSELDK
HPCRVDVAVQ
GHSLDLVFSI
TEPSEREKLK
YYSISSSPRL
ASNFKLPSNP
YEDELNNEVD
MARDVHRTLH
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360
420
480
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780
840
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60
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180
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60
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50
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SEQ ID NO:22

MAELDTLDIV
SGENCVVEYG
LATYGEGEPT
NEALEKLGAH
ERDDLTPEAN
ISGSNLKYET
YDAILRYHLE
LASVSKGEKW
FRGVATNYLF
PIIMIGPGTG
GDKFEMITAF
IIAEGRGVSE

VLGVIFLGTYV
SQTGTAEDYA
DNAVDEYEFI
RIGEAGEGDD
EVYLGEPNKL
GDHIAIWETN
ICAPVSRQFV
TKIPFSAFIE
ALKQEQONGDP
VAPFRGFVQE
SREGSKKVYV
BKGEEIVENM

SEQ ID NO:23

atgraatcgg
acagtgatcg
gugatgatgt
gtoggatght
ttggageoyge
aagaagaadgy
goacttttog
gatgattatyg
ttcttettet
aaatyggttta
tttggtettg
ggtoteaceg
tcaattgaag
cttegegatg
cgogtegtat
catgetgtte
catacteoty
ttatcttatg
gaagaagety
aacgaagaty
ttaagasaag
cttgetetag
tetegegagy
gaagteatygg
gecaccgegtt
aggattcatg
ggaatctget
tgggcaccga
gttatcatga
ttggetetta
aaccgeaaag
ctttotgage
aaaatgaceo
gtatgtggtyg
caagaacagyg
teaggaagat

aatcoegttga
atacagcegas
tegaaattcg
tegttgtttte
cgaagatogt
ttacgatttt
aagaagcegaa
ctgotgattt
tggotacata
ctgagggaga
geaacagacs
agcagggtyge
acgattttte
aagatgacaa
tteatgacaa
atgatgetea
aatocogatog
aaactgyggga
ggaaatigtt
gticaccact
cattgactaa
ctgeteatge
graaggatga
aagettteeoe
tacagcoteg
ttacttgege
caacctggat
tttttgttag
ttggtoctygg
aagaatecgyg
tggattacat
ttgatgtige
aaaaggcttc
atgctaaagy
gaagtttgga
acctecgtya

SEQ ID NO:24

atgcaateta
aaggttttgg
gogatgatta
atoggatgeg
cecaceggtga
aaagttacgg
gttgaggaag
tatgctgctyg
tttttggeta

actoogtgas
acacatcgaa
tggagaatcg
ttgtegtitt
ttgtggttoe
ttttettegy
ctaaageteg
atgacgatga
cgtatggaga

AYFTKGELWG
SRLAKEGKSR
TGEDASFNEG
GAGTMEEDFL
HLEGTAKGPF
PGEEVYNEKFLD
STLAAFAPND
GLTKLQPRYY
NPAPFGQEYE
RAKQARDGVE
QHRLKERSKE
RSANQYQVCS

ageatcgacy
cgeatetgat
tgatetgtty
ggtgtggaag
tgtgeecgaaqg
ctteggaaca
agegegatat
ggatgagtat
tggagatggt
cgagaaagge
atatgaacat
aagacgoatt
ggeatgyggaaa
agotygctgea
accegatgeg
acatccatge
ttcatgeoaca
teatgttggt
aggattatca
tggtggacct
ttatgeagat
tteegateoo
atatgctgaa
gteagetaga
ttactactet
gttggtttat
gaagaacget
aacatcaaac
aaccgygttyg
aaccgaacto
atatgagaat
tttetooeoge
tgaaatatygg
catggctaaa
ctegtectaaa
tgtttyggtaa

gatttogeey
cgeatoeggaa
tgagetgtty
ggtgtggegy
gaagagagtg
cacocaaact
atatgaaaag
gtatgaggag
tggtgageca

VTKDPYANGE
FGLNTMIADL
NDPPLGNLNY
AWKDPMWEAL
NSHNPYIAPI
ILDLSGKQHS
DIRAEMMRLG
SISSSSLVQP
LTGPRNKYDG
VGETLLFFGC
VSDLLSQKAY
DFVTLHCKET

attgatttyga
aacggagact
ctgattttga
agatcgteeyg
aggcggetgg
caaactgygas
gaaaaggcay
goagagaage
gagecaactyg
gtttggette
ttcaacaaga
gttcocoegttyg
gagttagtgt
actccttaca
ttttetgaty
agatceaaty
catcttgaat
gtatactgtyg
acagatactt
teattacaac
ctgttasget
actgaagetg
tgggttgtty
cegecacttg
atttettect
gaasaaacte
gtacctttga
tteagactte
gotocattta
gggtcateta
gaacteocaaca
gatggeocga
aatatgottt
gatgtacaco

goggagttgt

ctigatctgy
tegggagaat
atgatactca
agatcegtota
caagaggagy
ggaacagetyg
getgtottta
aaactaaaga
acagataatg

AAGGASKPGR
EDYDFDNLDT
VAFGLGNNTY
AKRMGLEERE
AESYELFSAK
VVIVEALEPT
SDEDYFHEKT
KKISITAVVE
IHVPVHVRHS
RESTEDFMYQ
FYVCGDAAHM
TYANSELQED

tgactgotgt
caaagatgoc
ctacgtceagt
ggaagaagte
agoagyaggt
cggctygaagyg
cgtttaaagt
tgaagaagyga
ataatgetge
aaaaactica
ttggaatagt
gtettggaga
gueorgaatt
cagotgeaat
atcatacteca
tggotgttaa
ttgacatttc
aaaacctaat
atttetogtt
ctectttice
cteccaaaaa
ategtttaag
caaaccaaaqg
gtgttttett
coeraaagat
cegeaggteg
cegaaagtea
caattgacce
ggggttttct
ttttattett
actttgttga
cgasagaata
ctgagggage
gtacacttca
atgtgaagaa

taactgeget
ctgectatget
caacgtoeggt
cgaagaagte
aagttgatyga
aaggettoge
aagtaattygs
aagaatottt
ctgccagatt
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TRNIVEAMEE
VESDNIVMEY
EHYNSMVRNY
AVYEPIFAIN
DRNCLHMEID
AKVPFPNPTT
GPHYYNIARF
SQQIPGRDDP
NFKLPSDPGK
KEWQEYKEAL
AREVNTVLAQ
VWS

tttgaaggac
geeggegttyg
tgetgtttty
cggeaaggaa
tgatgatggt
tttegeotaag
gattgatttyg
aacatatget
caaattttat
atatggagta
ggttgatgat
cgacgatcaa
ggatctattg
cectgaatac
aaccaatggt
aaaagagett
teacactgga
tgaagtagty
acatattgat
tecttgtact
gheaactttyg
atttettgea
aagtettott
tgoageggtt
ggaaccaaac
tatccacaaa
agattgeagt
gaaagtceooy
teaagaaaga
cggttgtaga
azatggtycy
cgtgeaacat
atatttatat
caccattgty
tetacaaatg

gtttagegge
gecgactata
tgetgtattg
ggcgttggag
tggtaagaay
taaggecactt
tttggatgat
ggecttitte
ttataaatygy
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tttactgagg
ttygggtaaca
gtagaacagy
gaagatgact
gatgaggatg
gttttteaty
gttecatgatyg
cotgaatcetyg
tatgaaactyg
getgaaagat
gacgggtege
asaagcattyga
ctagotgete
gcoggaaagy
atggasgeat
cgottacaac
catgttacat
tgtteaacth
ccaatatacy
atgattggac
tiaaagygaay
aaagtyggatt
gagettatty
agtgagaagg
gytgatygcea
cagggatcte
agataccteoo

gagatgoyas
gacaatatyga
gtgeaaageg
tecaccgeaty
acacaactgtl
asaaaccaga
ctcaacatcc
accyggtettyg
gugaccatgt
tagtaggatt
cacttggegy
cgtgttatge
atgocaccyga
atgaatattc
teecegteage
caagatacta
gtgeattagt
ggatgaagasa
teegaacate
ctggeactyy
cecggaactya
tcatatatyga
ttgetttete
ctteggatat
aaggeatgge
ttgactegte
gtgacgttty

SEQ ID NO:25

MTSALYASDL
LMIPKSLMAK
LDDYAADDDQ
VEALGNRQYE
LLEDEDDKSV
KELHTHESDR
HADKEDGSPL
HLTSPDGKDE
APSRVHVTEA
STPIVMVGPG
QGVISELIMA
TIVQEQEGVS

FEQLKSIMGT
DEDDDLDLGS
YEERKLKKETL
HENKIGIVLD
ATPYTAVIFE
SCIHLEFDIS
ESAVPPPFPG
YEQWIVASQOR
LVYGPTPTGR
TGLAPFRGFL
FSREGAQKEY
SEEAEATIVEK

SEQ ID NO:26

MSEB85585T3
AVLIGUIVML
KALGEEAKAR
YEWETEGNDR
QCIEDDFTAW
GNGYTVEDAQ
ETVDEALRLL
ALVALARHAS
GVAPRLOPRF
LEFLGRPIFVR
GCRMRRMDFT
YLYVCGDAKG

MIDLMAAIIK
VWRRSGEGENS
YEKTRFRIVD
GEWLKNLEYG
REALWPELDT
HPYKANVAVK
DMSPDTYFSL
DPTEAERLKH
YETSSSPKIA
QSNFKLPSDS
YEEELQREVE
MARDVHRSLH

SEQID NO:27

MOSESVERST
VGCEFVVLVHK
ALFEEAKARY
KWETEGDEKG
SIEDDFSAWK

IDLMTAVLED
RESGKKSGKE
EKABRFKVIDL
VWLOKLQYGV
ELVWPELDLL

aggagaatgg
acattttaac
tettgtteot
gaaagagtta
tgectactccea
cgogetttet
atgeagateo
cactcatctt
tggagtttac
accaccagac
agoctoatty
tgatgtottyg
tecccagtgaa
teaatggata
taagoccttea
ctctatttet
ctatgagaaa
cgecagtgoet
caatttecaga
tttggetoct
coetoggtita
aaacgagett
cegtgaagygce
ctggaactiyg
caaagatgta
aaaggeagaa
gtaa

DSLEDDVVLV
GETRVEIFFG
AFFCVATYGED
EELCKKGAKR
YRVVTHDPRE
RIGITYETGD
PCTLGTGLAR
SLLEVMAAFP
ITHRGVCSTWM
QERMALKEDG
VOHEKMMEKAA
LOTEGRYLRD

GEPVIVSDPA
KRVEPLKPLV
LDDYAADDDE
VEGLGNRQYE
ILREEGDTAV
RELHTPESDR
HAEKEDGTPI
LASPAGKDEY
FETRTHVTCAL
KVPIIMIGPG
SGALAELSVA
TIAQEQGSMD

TVIDTANASD
LEPPRIVVPK
DDYAADLDEY
FELGNRQYEH
LEDEDDEARA

cttaataage
aagatcgcaa
gttygacttg
gtatggeeyy
tacacagetg
gaagattata
gacgtggoty
gaatttgaca
tgtgaaaact
acttactoot
cogoctockt
agttotoooa
gotgatagat
gttgcaagcce
cttggtgttt
tecctecaccea
acacctgeag
atgaccgaga
ctaccatety
tttagaggnt
tecattttat
aacaactttg
cocgactaagg
ctittotgaay
catcgaacoe
chtotacygtga

IATTSLALVA
TQTGTAEGER
GEPTDNARRE
LIEVGLGDDD
TTQESMESNY
HVGVYAENHV
YADLLNPPRK
SAKPPLGVEFR
KNAVPAEKSH
EELGSSLLFF
QVWDLIKEEG
VW

NASAYESVAA
IKPREEEIDD
YEEKLEKEDV
HENEVAKVYD
ATPYTAAVLE
SCIHLEFDIA
SESLPPRPEPP
SKWVVESQRS
VYEKMPTGRT
TGLAPFRGEL
FSREGPTKEY
STKAEGEVEN

NGDSKMPPAL
RRLEQEVDDG
AEKLEKETYA
FNKIGIVVED
TPYTAAIPEY

ttecaatatygg
aagtggttga
gagatgatga
agttggatoa
ctgttgeaga
gtrtatacasa
tcaaaaagga
tctegaacac
tgagtgaagt
coatocacac
teeegeeaty
agaagtogge
tgaaatitot
aaagaagtoet
tetttgeate
agatggeacc
gecgoatcea
gtcaagattyg
acoctaaggt
tectteaaga
totteggaty
tggagactygg
aatatgtgea
gagoatattt
tecacacaat
agaatctaca

GEFVVLLWKKT
KALSEEIKAR
YEKWFTEENER
QSIEDDEFNAW
ANGNTTIDIH
EIVEEAGKLL
SALVALAAYA
AATAPRLOPR
ECSGAPIFIR
GCRNRQMDET
YLYVCGDAKG

ELSEMLIENR
GREKVTIFFG
AFFFLATYGD
DILVEQGAQR
YRVSIHDSED
GSGLTMKLGD
CNLRTALTRY
LLEVMAEFPS
HKGVCSTWMK
QERLALVESG
VQHEMMDKAS
LOTEGRYLRD

AMMFEIRDLL
KKEVTIFFGT
FEFLATYGDG
GLTEQGAKRI
RVVFHDKPDA
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agtatttggt
tgatggteott
tecaatgtatt
attacttogt
atatcgegtt
tggecatget
acttecatagt
cggactatca
tgtgaatgat
tgatagtgaa
cactttaagy
trtgottgea
tgeatcccoe
cottgaagto
tgttgeoceyg
ggataggatt
caaaggagtt
cagttgggec
cocggttato
goggttaget
taggaatoge
tgetotttot
acacaagatg
atacgtatgt
tgtgcaagaa
aatgteagya

TADREGELKP
YEKAAVKVID
DIKLQOLAYG
KESLWSELDK
HECRVDVAVQ
GHSLDLVFSI
TEPSEAEKLK
YYSISSSPRL
ASNFKLPSHNP
YEDELNNEVD
MARDVHRTLH

QFAMIVTTET
TOTGETAEGFA
GEPTDNAARF
LVQVGLGDDD
AKFNDITLAN
HVGVLCDNLS
ACLLSSPKKS
AKPPLGVFFA
NAVPYEKSEK
VELGPSVLEF
DIWNMISQGA
VW

LILTTSVAVL
QTGTAEGFAK
EPTDNAAKFEY
VPVGLGDDDO
FSDDHTQTING
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HAVHDAQHEC
EEAGKLLGLS
LALAAHASDP
APRLOPRYYS
WAPIFVRTEN
NRKVDYIYEN
VCGDAKGMAK

RENVAVKKEL
TDTYFSLHID
TEADRLRFLA
ISSSPEMEPN
FRLPIDPKVP
ELNNEVENGA
DVHRTLHTIV

SEQ ID NO:28

MQSNSVKISP
IGCVVVLVRR
VEEAKARYEK
FTEGDAKGEW
EDDFTAWKEL
VHDAQHPCRS
AERLVGLPPD
LAAHATDPSE
RLOPRYYBIS
PIYVRTSNFR
KVDFIYENEL
GDARGMAKDV

LDLVTALESG
RSSTKKSALE
AVFRVIDLDD
LNKLQYGVFG
VWPELDQLLR
NVAVEKELHS
TYSSIHTDSE
ADRLKFLASP
SSPEMAPDRI
LPSDPRVPVI
NNFVETGALS
HRTLHTIVQE

SEQ ID NO:29

MAEQQOKIKKS
TTSIEIQATS
EWVLDVAIEF
LONHEQIQSPE
YLDERLDDDK
DSDVNFLWVI
LEAISLGVEV
RGVIIRKNAV

PHVLLIPFPL
DGCDEGGFMS
GIDGGSFFTQ
WEOMLFGQFA
DNGFNLYKAN
KHEEEGKLPE
VAMPQFSDQT
KWKDLAKVAV

SEQ ID NO:30

MDAMATTEKK
CLDGAPGFRF
GFLEVFTIDA
IDWVPGMEGT
SLRYNHIYTI
FGSTTVMSLE
SQEKVLKHPS
TKVERDEVEKR
N

PHVIFIPFPA
ETIPDGVSHS
AKKLGIPVMM
RLEDFPLDWS
GPLOLLLDQI
DMTEFCWGLA
VGGFLTHCGW
LVQELMGEGGE

SEQ ID NO:31

atggatgeaa
caaagecaca
ataacottoy
tgtctagacy
ccggaagega
gatcgtitea
gggttottigt
tattggacac
aaaggattty
attgattgog
actgacctos
gtttcacate
teattgaggt
cocegaagaga
gaaccagagt
tttggaagta

tggotacaac
ttaaageocat
tcaacaccoga
gtgcaccggy
geatcoceaat
ttgatettgt
cggttttcac
ttgetgecty
cacracttaa
ttoogggaat
atgacaaagt
atattttceca
ataatcacat
aaaagcaaac
gtttocagty
ctacagtaat

HTPESDRSCT
NEDGSPLGGP
SREGKDEYAE
RIHVTCALVY
VIMIGPGTGL
LSELDVAFSR
QEQGSLDSEK

KVLDTSNASE
PEVIVVPKRY
YAADDDEYEE
LGNRQYEHEN
DEDDTTVATP
PESDRBCTHL
DEEPLGGASL
AGKDEYSQWI
HVICALVYEK
MIGPGTGLAP
ELIVAFSREG
QGELDESKAE

QGHINPFIQF
AGESYLETFK
ACVVNSLYYH
NIDQARWVET
HHECMNWLDD
NLSEVIKTGK
TNAKLLDEIL
HEGGSSDNDI

QSHIKAMLKL
PEASIPIRES
YWTLARCGEM
TDLNDEVLME
PEEKKQTGIT
NENHYFLWIT
GSTIESLSAG
HEMRNEAKDW

tgagaagaaa
gecteaaacta
cttcatocac
ttteoggttic
cagagaatca
aaccaaactt
aattgacget
tgggtteatyg
agatgcaagt
ggaaggeatc
tttgatgtte
cacgttegat
ttacaccate
tggaattacyg
getteagtet
gtetttagaa

HLEFDISHTG
SLOPPFPPCT
WVVANQRSLL
EKTPAGRIHK
APFRGFLQER
DGPTKEYVQH
AELYVENLQOM

SGESAMLPTI
QEEEVDDGKK
KLKKESLAFF
KIAKVVDDGL
YTAAVAEYRV
EFDISNTGLS
PPPEPPCTLR
VASQRSLLEV
TPAGRIHEKGV
FRGFLOERLA
PTKEYVQHKM
LYVENLOMSG

GKRLISKGVK
QVGSKELADL
VHEGLISLPL
NSFYKLEEEV
KPEESVVYVA
GLIVARCKQL
GVGVRVKADE
VEFVSELIKA

AQLLHHKGLQ
LLRSIETNFL
GEYHIHSLIE
TTEAPQRSHK
SLHGYSLVKE
RENLVIGENA
VPMICWPYSW
KEKARIATIAP

coacacgtoa
geacaackbto
aaccagtite
gaaaccattc
ctettgagat
coggateota
gcaaaaaage
ggtttttacce
tacttgacaa
cgtoteaagyg
actacygaag
gagttggagce
ggeeoactge
agtcteocaty
aaagaaccaa
gacatgacyy

LEYETGDHVG
LREALTNYAD
EVMEAFFSAR
GICSTWMKNA
LALKESGTEL
KMTQKASEIW
SGRYLRDVW

AMIMENRELL
KVIVEFGTQT
FLATYGDGEP
VEQGAKRLVP
VFHEKPDALS
YETGDHVGVY
KALTCYADVL
MEAFPSAKPS
CSTWMENAVP
LKEAGTDLGL
SEKASDIWNL
RYLRDVW

TTLVTTIHTL
IKKLQSEGTT
GETVSVPEFP
TEWTRKIWNL
FGSLVKHGPE
DVLAHESVGC
NGIVRRGNLA

ITFVNTDFIH
DRFIDLVTKL
KGFAPLKDAS
VESHHIFHTFD
EPECFQWLQS
VLPPELEEHT
DOQLTNCRYIC
NGSSSLNIDK

tetteatace
teccaccacaa
ttgaatcatc
cggatggtgt
cecattgaaac
cgacttgtat
ttggaattee
atattcatte
atgggtattt
atttecoget
ctececteaaag
ctagtattat
aattacttct
gatacagttt
attcegtegt
aatttgyttyg
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VYCENLIEVV
LLSSPKKETL
PPLGVFFARV
VPLTESQDCS
GSSILFEGCR
NMLSEGAYLY

MILTTSVAVL
GTAEGFAKAL
TDNAARFYKW
VGLGDDDQCT
EDYSYTNGHA
CENLSEVVND
SSPKKSALLA
LGVFFASVAP
MTESQDCSWA
SILEFFGCRNR
LEEGAYLYVC

NSTLNHSNTT
IDATIYDSMT
VLQRWETPLI
KVIGPTLPSM
QVEEITRALI
FVTHCGEFNST
SCIKMIMEEE

NQFLESBGPH
PDPPTCIISD
YLTNGYLDTV
ELEPSITIKTL
KEPNSVVYVN
KKRGFIASWC
KEWEVGLEMG
MVEEITVLAR

atttecagea
aggactocayg
gggeccacat
ttotoacagt
caacttettg
tatctcagat
ggtecatgatg
teteattgag
ggacacogte
ggactggagc
gtecacacaaqg
aaaaactttg
tgatcaaata
agtaaaagaa
ttatgtaaat
gggacttget
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aatagcaacc
gttttgecee
tecacaagaaa
ggateogacca
gaccagotyga
accaaagtya
cacasaatga
gacggtteat
aactagtiac
ttaatattgt
tgaaataaty

attatttect
ctgaactiga
aggtottgaa
togagagett
ccaactgtag
aacgagatya
ggaacaagge
cttetttgaa
aaagttgttt
ctagatgtat
gteattaggy

SEQ ID NO:32

atggatgcaa
caatctoaca
ataactttcg
tgtttggacyg
coagaggoct
gategtitea
ggetttetgt
tactggactc
aagggttttyg
attgactygy
acagacctta
gtttcacatc
tetctaagat
cotgaagaga
gaaccagaat
ttcggaagta
aattcaaatc
gtattaccte
toteaggaaa
gyctotacaa
gaccaactta
acaaaggtta
cacaagatga
aacgggtoat
aactas

tggcaactac
taaaggeaat
tgaatacoga
gagecocagqg
ceatccoaat
ttgactiggt
cagtgtttac
ttgetgeatyg
ctcecactgaa
taccaggtat
atgataaagt
atatctttoa
acaatcatat
aaaagcaaac
gttttcaaty
caacagtcat
attactttet
cagaattgga
aggtatigaa
tegaatocact
caaattgtag
aacgtgatga
gaaacaaggc
cectetctaaa

SEQ ID NO:33

MKTGFISPAT
EASFTKWDDD
QDVDGEGEPD
EKGLNFLREN
KLTKIPMEVL
CLOYLTNIVT
NGICWARNTH
NVYRASOMLE
SLPRLETRYY
QWYVDIGIEK
SSKEDITAFT
QAWEMWLTKL
HNFRENSTTV
KVFEIVI

VEHHRISPAT
KVEDHLDTNE
FPSSLEWIAN
ICKLEDENAE
HEVPTTLLHS
KFNGGVPNVY
VQDIDDTAMG
PGERILEDAK
LEQYGGEDDV
FESDNIKSVL
DEFRNKSEEK
QDGVDVTAEL
DSKVQELVQL

SEQID NQ:34

MPDAHDAPPP
AFLLERQHED
RRLGTEDSEP
ALRSHAAAGT
DSARRYLEEL
GAPAGAGLPP

QIRQRTLVDE
GEWGPPGGYR
DTIAVELVIP
PVPGKVWHAS
QHRYSGPVPS
DADDTAAVLL

ttggateate
ggaacatata
geacocttog
gtetgetggy
gtatatatygc
agtoeaagagy
tasagattygy
catagacaaa
cacattgtyge
tgaaccataa
gtgagt

tgagaaaaaqg
gotaaaghta
cttcatecat
gtttagatte
aagagagagt
cacaaaactt
tatcgacget
cggttteatyg
agatgeatca
ggaaggtata
attgatgtot
cacctttgat
ctacactatt
tggtattacs
getacaaagt
gtocottggaa
atggattatce
ggaacacate
acatcottot
aagtgeagga
gtatatctgt
agtgaaaaga
caaagattgy
cattgataag

TFRHHLEPAT
NLYPNDEIKE
NQLEDGEWGD
HMPIGFEVTF
LEGMPDLEWE
PYDLFEHIWY
FRVLRAHGYD
KFSYNYLKEK
WIGKTLYRMG
VEYYLAAAST
KHSINGEPWH
MVOMINMTAG
VESDTPDDLD

ATQLLTESAE
LVPTLSAVHA
SLLEGIQHLL
ETLGLSTEAR
ITPITYFERA
ALATHGRGRR

cgatcaaact
aagaaaagag
gttggaggyt
gtgccaatyga
asagaatgyg
cttgtacaaqg
aaagaaaagqg
atggtoaagy
tttetattta
gtttagtigy

cotoatgtga
geacaactat
aatcaatttc
gaaacaattc
ttactgaggn
CCagacccac
gecaaaaagt
ggtttetate
tacttaacca
agacttaaay
actacaygaag
gaattggaac
ggtocattac
tecttacacy
aaagagecha
gatatgacty
aggtocaatt
aaaaagagaqg
gttggtggtt
gttccaatga
aaagagtggy
ttggtteagg
aaggaaaaaqg
atggtoaasy

TNSTGEIVALR
FVESVKAMEG
HLLFSAHDRI
PELIDIAKKL
KLLELQUCKDG
VDRLORLGIA
VIPDVERQFE
QSTNELLDEW
YVENNTYLEM
FEPEREKERT
EVMVALKKTL
RWVESKELLTH
QDMEQTFLTV

DAWGEVEVSE
LLTCLASPAQ
DPAHPHSRPA
SHLQPAQGII
WLLNNFARAG
PEVILMDYRTD

tggtgatagy
gotttattge
tettgactes
tatgotggee
aggttgggcet
agtbgatygy
ctegeatige
aaatcacogt
agatgtaact
toteaggaat

tetteattee
tacaccataa
tggaatctag
ctgacggtgt
caatagaaac
caacttgecat
tgggtatooe
acatccatte
acggetacet
attttceottt
ctocacagay
catcaatoat
aattacttct
getactettt
attctgtggt
aatttggtiyg
tggtaatagy
gtttecatige
tecocttacteoa
trttgttggec
aagttggatt
agttgatggg
ceagaatige
agattacagt

DINFRCKAVE
SMNDGEINVS
INTLACVIAL
NIEVPEDTPA
SFLFSPSSTA
RYFKSEIKDC
KDGRFVCEAG
ITAKDLPGEV
AKLDYNNYVA
AWAKTTILVD
HGFALDALMT
POQYQRLETVT
METFYYKAWC

YETARLVAHA
DHGVPHDRLL
FSQHRGSLVE
GGSARATATW
VPCEAPAALL
GYFQCFIGER
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ggaaaatges
tagetggtygt
ttgtgggtgg
ttattegtgg
cgagatggyga
agaasggagyt
aatageteot
getageaaga
ttgttctaat
tgatttttaa

attteoctgea
gygattacag
tggeccteat
ttecacattec
caacttttig
aatctotygat
agttatgaty
tettatogaa
gygatactgtt
ggattggtet
atctcataag
caaaaccttyg
agatcaaatt
agtgaaagaqg
ctacgtoaac
gggecttget
ggaaaacgoc
ttecetggtgt
ttgeggttgg
atattcatgg
agaaatggga
ggaaggtgge
tattgotoct
cttagecaga

KEYSDLLOKD
AYDTAWVALV
TSWNVHPSKC
LEEIYARRDI
FALMQTKDEK
VEYINKYWTK
QETQAVTGME
GYALDIPWYA
VLQLEWYTIQ
KITSIFDESQ
HSQDIHPQLH
NEVCHDITKL
DPNTINDHIS

TWLGGHATRV
RAVDAGLTAL
PGGLDGRTLG
LTRVAPSQQS
DELEAALTPQ
TPSISTNAHV
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LETLGHHVAQ
HASPATAPAR
RGRARLCGAL

HPQDRARYGS
QRAVRWVLAT
PLTPLWHDKD

SEQ ID NO:35

MNALSEHILS
GWGSADFPLF
AELILBQFCG
PTTACEDDDG
WPINVFEPCW
VALCVLHLAG
YVEANRNPHG
GRGSTFEETA
ELYCPTRVVR

ELRRLLSEMS
RHAPTWAALL
EAAWLLGGVA
SIGISPAATA
SLYTLHLAGL
RDPAVDALRH
LWDNEKWHVS
YALFALHVMD
VAELAGLWLA

SEQ ID NO:36

gacctygacca
getottgeeyg
ctgacaccoa
gggetteaat
tecacagtgge
tetetattat
ctcaaadaaa
taccagtgoe
acataaatge
catttatgty
cgagtattat
aaaccacaca
cgcaaagaty
cgttcaacta
cgoggeegeo
cgeegtegeo
ttaaataget
agaaccgatg
ctggtegacy
gugtacgaca
tteceggeoy
geggeoctgt
accaggtyggt
cgatogagayg
caagtgtgty
tagegacgga
tegaactage
gaatatactce
ttcecacate
tgaaactgea
teatgaacac
acggaggaqy
cagegttygee
tetetcogecy
ggctgtcgat
gtgcatyggac
cgacgtygaag
cagegtetoyg
gtcacgtcat
taataataat
aacttogaga
gggatgtaca
cgtgcagggy
gacaaatygga
tggtatggga
gacgatgtct
gtttecagate

coaccoenny
tttoagtgat
tacacgetgt
catoegoocat
geacggetgt
atacctagat
actcatagaa
cotgotagea
tgggtggtygy
gggacgacygg
agtagtagat
toeteattete
gtteottteat
ggoccatgga
ggecggtyga
asaggtacygyg
aggtttgtaa
cogaaageoy
agatcagggc
cegeetgggt
cegtgeggty
teteogogta
cgoetggagee
a4CacACyac
tgtgtgtagtyg
ggacgaggag
caagagtctyg
gagcagggay
cattectecac
gtogagogac
cggcgacgac
tacgeaagea
cactgeatyge
tttotogoayg
cgeetggage
tacgtgaaca
gaggtggacy
ceaggtacgt
acacacgogt
aasaaaaaac
aggacgggga
accteaacay
ctttotegta
tcatatetaa
acctgcogeg
ggatcgggaa
gaccagataa

AMDTASAWLL
QRSDGGUGLW
LYTPVRVVRA

DGGSVGPSEVY
ALQRADPLPG
FPRHPALLPL
AWRAQAVIRG
FAHPALAEAYV
FEIGELEFVTF
WLYPTAHAVA
GSEEATGRRR
LRWGRRVLAE

geoggeoett
tattagetyge
agcttctaca
gotgetgoea
ggcgggtaat
tttetecaca
asaaaagaaa
gtagecttegt
tgtecetttea
ctetgaaaty
ctettoteoeg
aactagtagt
cgtottgcac
gttooogeat
ggagggeact
gtgatcgeta
cgcacgeacy
cogeacgaga
aatgetgacy
gggtottgty
gatcogygaac
cgaccegecty
cgagatgege
ggcagtygtac
treacaggge
tecatygeoga
ggcgtecacyg
atcaagatga
ageectggaag
gggtecettec
aggltgettcea
gtagegtaga
geottootto
tgeccaacgt
gtctegggat
ggeactggac
acacggeeat
aacasacaca
gtecctgaaca
gtgettetge
gttettogee
ggccteoocag
cgagtttcte
ggacctgeet
cgtggaggcyg
gacgetotac
aatttgeatt

AAQRQDGSWL
HSTVEETAYA
ARAMBALYTTR

DTAQALRFHG
AADAVQTATR
ROACLVELGA
STPQVGRADA
RVIVAQLEAR
PGERNASVST
ALAQGKPQWR
TAQVVARALE
GAGRAP

teatiecttte
tgtacgtgeyg
cataccagtt
gegoecgacgy
ggtaactegt
ggcagatcag
aaactaaacc
tetgtcectt
cygeacacate
aattactagt
atatatecgg
agaasaagtaa
agcagttoot
caagaagaayg
ggcgegggece
getttgatay
catgcaggtt
tggectacygyg
tegatgagey
ceceaggetygy
aaccagetee
atcaacacgce
ggcagaggta
ctegacagaa
tetettteot
tagggttcya
acttoecogta
agaggattoe
ggatgceegy
tettetetec
getacatoga
tacatggygcea
ctteecttote
ctacccegtyg
ctocagotac
tgaggacqggyg
ggcttteege
aaadaaaada
ttttteattt
coetgoctygty
ttegtgggye
ataagetico
aggeggaaag
ggggaggtag
agagactate
aggtagatag
attggttett

DKWHASPYYA
LOILAPPSGE
DLLLEPL

NVTGRODAYA
FLOROQPDPYA
VAMLPSGHPL
YLOMASRATR
LGVHGLGPAL
NIHALHALRL
DERALAALLQ
WMLARHAAHG

cttacttiot
tgegtacatt
cgatcgeaag
caacggogge
ttatettett
attctttaca
aaaggagega
tttttteate
cgcagatage
cagttteaty
ccaaaggaay
aaacgtacta
cacctttett
acggatacag
cagecacacca
ctccaaatct
cgtocctaac
acgacgacga
avggggacat
acggeggega
cecgacggete
tggegtgeygt
cgtaattact
aacgggegtt
cggeoggaac
getegegtte
cgaccaccayg
taaggaagtyg
getagactygy
cgecyggceeace
caggacaghto
tagcatgeat
gtetotteaa
gacottttog
ttccagaaag
atctgetggg
ctgetacgyge
acgogeagac
ggtctaccac
tacgtgtaga
agtcgaacaa
cgggggagga
aggoecgayggy
tgtacaccet
tggaacagta
atctttttag
ttgatgeatg

70

TVCCTQALAA
GNIPVQQALT

WLIAQQQADG
HAVPEDAPIG
LHSWEANHGTS
SGIEGVFPNY
HFAADADDTA
LGKPRAGASA
AQRDDGGWGA
LEQTPLWIGK

tectootygot
gttetetety
ctatageaty
cggcageggy
ctacacgtasa
cagectgtatt
ceteaacctyg
tggatectet
gooocageay
cgttteagty
aagagaagaqg
caagogeasay
cocttgoggt
tegecgteee
gegaateogo
gagcageaaa
geecategtg
cygotgageoy
cagegtyteyg
gggccegeay
gtggggegac
cgteacgote
gtgtgctygyce
getgaagact
atgtggaage
cettotetea
getetgeagy
atgracacyg
gogaagetge
gegtacgote
aagaaattca
gecatgeaaty
cggttegtelt
agcacatatyg
agattgagea
cgaggaacte
tgoacyggata
aacagagatc
ceategtacyg
tgtgtteaaqg
ggcggtgacy
cgtectygeac
agcgcteegt
ggactteeet
cggeggegyge
ctattaattyg
taattgaaag

PCT/EP2015/070620

420
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60
120
180
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2820



WO 2016/038095

ceaataaata
gaataacgat
toagettgag
gttgagtitt
aatctgoaca
cttatcacet
cgcaagagga
gageocgegyga
atctocgtaa
gtgaagaaac
ttttttttet
ggttcaacto
actegttage
agotactygag
tgcagttaac
tactaatace
cagatgcage
tggtieatga
gagetgeagyg
ctatatgtyga
cagaaagttt
tgatgeatygt
togatygacga
agaagaaaac
actacgetge
aacctgttte
gagagagaaa
aaagtagegt
tegetgtgte
acctatettg

accteagtat
gtgtatetiyg
tggeaaggee
ttttttattt
gatcatcata
atatatacat
tgetotgega
geggettgeg
cageccotea
ggatggatca
tttttgtige
atcaagtyga
gegagaageyg
atcagetgta
aagtactacg
attattette
agacagegty
caageaaacy
tgaggctgeg
cagtctcaag
gtgegtagtt
atatggette
attgaagoty
cggoagoage
tcactgocog
cgecgeaaaa
atgttgatag
ctgttttgya
coaaactota
tggatge

SEQ ID NO:37

MVLESSCTTV
AKGESLTPIV
PRLOGGEGRQ
GRGELSFLGRN
IKMKRIPKEV
RCEFSYIDRTV
EDGICWARNS
YNLNRASQIS
GNLPRVEARD
KRWYTENRLM
SFRERLEHSL
HELLRSAWAE
AASEDGDRRI
EKKTGESETR

PHLBSLAVVQ
RTDAEBRRTR
FPAAVRWIRN
MWKLATEDEE
MHTVPTEILH
KEENGGVEPNY
DVKEVDDTAM
FPGEDVLHRA
YLEQYGGGDD
DFGVAQEDAL
RCRPSEETDG
WVREKADAAD
IQLTGSICDS
QTFLSIVKSC

SEQ ID NO:38

cttoticact
atcatgttet
ctteottottt
guggtbooat
aacatgatitt
ttagtgttgy
tgagaaacch
tgatcgatye
accaactttc
teaataccet
acaaaggaat
atatgccaat
acattgatgt
agcttacaaqg
tggaggggat

aaatactiay
aaactccatt
cottagocato
acattgttca
gootetaata
aagtaatagt
aacggacyggyg
cggagataaa
cgatggttot
tgecatgogte
cacgtittte
cggattegaa
accgtacgat
gataccaaaa
gegtgattta

gegtgatgge
agotoggetay
tgaaaaggta
tattttttte
tatatcettg
aggtggtaca
gegtatttec
tgggccagag
ttcagagaac
tggtaataag
cattatotyga
agtgacgoty
cagoogatto
agttaaacgt
acatctateg
tgtgaactty
tgtaatggat
tgtctgettt
agcgaagaty
cagaagatge
attatttooe
atataggace
cgtatacgag
gagacaagge
cogeatgtgg
taatggtaat
tyggaaattgyg
taaaaaaaat
aaatgttatt

LEPWESRIKK
WPTDDDDAEF
NQLPDGEWGD
SMPIGFELAF
SLEGMPGLDW
YPVDLFEHIW
AFRLLRLHGY
GAFSYEFLER
VWIGKTLYRM
RAYFLAAASY
SWENSSEGED
SVCNGSSAVE
LEQEMLVEQD
YYRAHCPPHV

acagagaaaa
ccaagtacaa
tcaggatcte
aagottogaa
catgagtgge
aatgcattca
gaaattacga
actocggegt
tggggagaty
gttgetctaa
cgggaaaata
gtageattee
tetooggtet
gagataatgc
gattgggaaa

tgactittige
gatggactto
tgtatgttac
geogattacca
atgatatata
ctgagaacoy
tggecgeege
cggegatact
gettggaaca
ctgatcgatg
gavocaatygoa
ttettgtyaa
atggeggtyga
aacgttcags
tttttgttea
tgtagtggge
coagtgoetgt
tagectogaat
gtgacoghog
tagtatctea
tttttteatyg
cogagaagaa
agttogtica
agacctttet
tagacaggea
ggtagatgty
cgttgatgho
cecagttteotg
ctgtygaagta

KTDTVAVPAA
LVDEIRAMLT
AALFSAYDRL
PSLIELAKSL
AKLLKLQSSD
AVDRLERLGI
SVEPDVEKNF
KEAEGALRDK
PLVNNDVYLE
YEPCRAAERL
AVLVEAVLRL
QEGSRMYVHDK
PEKNEEMMSH
VDRHISRVIF

cagagetiot
cettteteag
ctcteaatgt
ctcaagaata
aacagettca
aagaagoagt
tatecggetta
ttcectecge
cgtatcteott
gatcatggaa
ttgggaaget
categtiget
taagagatal
acaagatacc
agotoettgaa

attggecagga
aaccatigee
tatatatata
tttottoteoy
aggycttecte
getecatggat
ttoogtotac
tgceaacgec
ctecottgegt
ggaaattaaa
atgtggtgea
gucagtooty
tecggaggac
agaagattits
geatgeacag
tgaatgygtc
ggaacaagaa
gatcgagatce
gattatocag
ggtatagoac
tgacgaacat
cgaagagaty
gtatcttctg
gageatogty
tatttccaga
aatgtgatat
gectcecacat
taaattatag
tggaataaat

AGRWRRALAR
SMSDGDISVS
INTLACVVTL
GVHDEFPYDHO
GEFLFSPAAT
SRYFQKEIEQ
ERDGEFFAFV
WIISKDLPGE
LARMDENHCO
AWARAATLAN
TDSLAREAQP
QTCLLLARMI
VDDELKLRIR
EFVEAAK

taaageccatg
ttectactaaa
cgctagagac
cattaattot
aggagaagat
gaagagtgtyg
cgatacaget
cgtgaaatygg
ctecttatecat
tetettteot
AYBEYACGAR
tgagatagolt
atacgccaag
agcaacattg
acttcaatet

71

tgectettgt
aageectaca
cageeccggtt
atgecaaaata
gtatatatat
tteggagtgyg
gageegtgec
gtctetaceoo
tgooygooooa
aatttaagtt
tatatatcca
cggettaceyg
atcatceaca
ttttothttt
teatcctage
agggagaagg
gggtogegea
agcecgetggge
cteactgygt
atatatacta
gatgacctga
atgagccatyg
agactecggtg
aaaagetbgtt
gttatitttyg
gyagataaga
toetttacges
aataaatcaa
cggtocactat

AQHTSESAAV
AYDTAWVGELY
TEWSLEPEMR
ALQGIYS3RE
AYALMNTGDD
CMDYVNRHWT
GUSNQAVTGM
VVYTLDFPWY
ALHQLEWQGL
AVSTHLRNSP
IHGGDPEDII
EISAGRAAGE
BEVQYLLRLG

tototteagt
acaacaatatl
asatccagaa
caagaggttc
gotoctoaga
aaaacgatot
tggyttgcat
atogoogayga
gatogtoetea
catcaatgos
aatgatgagce
cgaggaataa
aaagagetaa
ttgeratagtt
caagacggat
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ctttectett
goctegagta
cogtggatet
gatacttiga
atggeatatyg
ttaggetett
aagagggaga
acctataccy
agttttcetta
ttataatgaa
gottgeotoy
ggattggcaa
caaaacaaga
agtggtatga
gttactactt
gyygctaagte
ccagaagaag
atcactttaa
ttgeceggagt
guogtgacgt
tatatggaga
atgacotaac
gaatctgtet
taaagagtat
catttegtga
tatgtgooga
cteatcatea
taatatttca

ctoteottoo
tttgcgaaat
tttogageac
agaagagatt
ttgggotaga
aagacaacat
gtttttetge
ggcatcacaa
taattatcty
agacttacct
agtagagacg
gactctttat
ttacaacaat
agaaaatagy
ageggoebgea
aagtgtattyg
ctteteogat
tgacaggaac
gttaategygg
taacaatctc
tgaaggagaa
taacttette
tectogooas
ggagaagyag
cgtecagcatce
teatetecaa
teategatece
tgtagagaag

SEQ ID NO:38

MSLOYHVLNS
SQEVQHDLPL
AWVALIDAGD
PHQCUNEGITE
KKELKLTRIP
RDSNCLEYLR
YWTONGICHA
TGMENLYRAS
PWYASLPRVE
DIFQKWYEEN
ESSDSRREFS
FMSHGRDVHEN
EIINRICLER
YYFALCGDHL

IPSTTFLEST
THEWQQLOGE
KTPAFPSAVK
FRENIGKLED
KEIMHKIPTT
NAVERFNGGV
RCEHVQDIDD
QLAFPREEIL
TREYIDQYGG
RLEEWGVRRS
DOQFHEYTANA
LLYLSWGDWM
QYLEARRNDE
QTHISKVLFQ

SEQ ID NO:40

MEFDEPLVDE
EFLLETQSDA
AASLEAQLAR
RPEYLYGKQP
AYLRHVIKHA
SFEKEGGAIG
SLTANCNALS
VLVDLVSLLE
LTEARRVCEF
ARWAMKSPLG
RAHRLDVEPR
ATAGILFRDH
REPEYDLVES
KDVEQRTDVT
AGEKFLAARV

ARSLVQRTLQ
GGWEIGNSAP
LDVSTTERVG
MTALHSLEAF
AGQGTGAVPS
YAPGFQADVD
ALLHQFPDAAM
QGKLPDVLDQ
DRLSEPLNEA
ASVGESLWTP
QDVGEDKYLD
MDDLRQLIHD
ALSTEFTKHVL
RVETSTTITEF
CRHLATMCRM

totacogott
geogteaaac
atatggatag
aaagagtgtc
tgtteocaty
guataccaay
tttgtgggge
ttggegttte
ctagaaaaac
ggcgagattg
agattotata
aggatgecat
tgocaagote
ttaagtgagt
actatatttyg
gttaaageca
cagttteatyg
atgagattgyg
actttgasate
ctotatotat
ggagagcetea
acccacacte
tacttaaagy
atggguasas
acgtttettyg
actcacatet
attaacaatc
gagaacaaat

KTTISEBFLT
DAPQISVGEEN
WIAENQLSDG
ENDEHMPIGE
LLHSLEGMED
PNVEPVDLFE
TAMAFRLLRQ
KNAKEFSYNY
ENDVWIGKTL
ELLECYYLAA
RRSDHHEFNDR
ERWELYGDEG
KEKTIKSMEK
KV

DYDDRYGEGT
IDGILNTAAS
FEITVPAMLD
IGKIDFDKVR
AFPSTHFESS
DTAKTISTLA
YGEQIQKITK
ELQYRVAITL
IRRGIAFADS
PREGLDKHVR
VVPFFWTARN
LLAEKTSPKS
QHPEIQBASY
NWVRTTSADH
YNDLGSAERD

ttgeattcat
gtttcaatyy
tggateggtt
ttgactatygt
tecaagacat
tgtococgeaga
aatcaaacca
caagggaaga
gggagagaga
ggtttgogtt
ttgatcaata
acgtgaacaa
agcatcaget
ggggtgtgeg
aatcagaaag
tttettette
aatacattge
accgaccagg
aaatgtcttt
cgtggggaga
tggtgaagat
actitogtteyg
caaggagaaa
tggttgagtt
atgtagcaaa
ceaaagtett
agtggatcega
tagatcatygt

ISGSPLNVAR
SNAFEERVKS
SWGDAYLFSY
EVAFPSLLETI
LDWEKLLKLQ
HIWIVDRLQOR
HGYQVSADVE
LLEKREREEL
YRMPYVNNNG
ATIFESERSH
NMRLDRPGSV
EGELMVEMII
EMGKMVELAL

MSCARYDTAW
LLALKRHVQT
PLEAEDPSLV
HHRTHGSMMG
WILTTLFRAG
VLGRDATPRQ
FVCDYWWESD
FQACLRPLLD
MSGTEAQLNY
LFHQAELFRS
NRDRTYASTL
SGRSSQGTKD
WDRKLLAREM
ISCPYSFHEV
SDEGNLNSLD

geagacccga
aggagttoee
acaacgttta
coacagatat
cgatgataca
tgtattcaag
agcagtaacc
gatattgaaa
ggagttgatt
agagattcca
tggtggagaa
taatggatat
cgaatgggac
cagaagtygay
gtoacatgag
ttttggggaa
caatgctega
atcggttcag
tgacotitte
ttggatggaa
gataattcta
tetegeggaa
cgatgagaag
ageattgteg
agcattttac
gtttcaaaaa
tgtatocata
agggtiates

DKSRSGSIHC
VETILRNLTD
HDORLINTLAC
ARGINIDVPY
SUDGSFLESP
LGISRYFEEE
KNFEKEGEFF
IDKWITMKDL
YLELAKQDYN
ERMVWAKS SV
QASRLAGVLI
LMENNDLTNF
SESDTFRDVS

VBLVTKTVDG
EQIIQPQHDH
FDFPARKPLM
SPSSTAAYIM
FSASHLACDE
MIKVFEANTH
GKIKDEWNTC
QDAEGSWNKS
IWIEKVSYAP
LPEWELRASM
FLYDMCFIAM
ADSGIEEDVS
KAYLLAHIQOQ
ACHLGAALSP
FFEFADSAGN

72

gacagtaact
aatgtettto
gyggatatoga
tggacegaca
gocatggeat
aactttgaga
ggtatgttca
aacgccaaayg
gataagtygya
tggtacgeaa
aacgacgtit
ctggaattag
atattccaaa
ctictogagt
agaatggttt
tooctoetgact
cgaaghtgato
geecagtogge
atgteteaty
aaatggaaac
atgaagaaca
atcatcaatce
gagaagacaa
gagagtgaca
tacttigett
gtoetagtaac
gatgogtgaa

SKLRTQEYIN
GEITISAYDT
VVALRSWNLF
DSPVLKDIYA
SSTAFAFMQT
IKECLDYVHR
CEVGQSNQAV
PGEIGFALEI
NCQAQHQLEW
LVKAISESFG
GTLNOMSFDL
FTHTHEVRLA
ITFLDVAKAF

REQWLFPECF
KDLAGPAERA
EIHDAKMSBRF
HASQWDGDSE
LNKLVEILEG
FRTYPGERDP
YLYPSVLLVE
IBEATAYGILT
ALLTESYLLA
IEARLFTPLL
LNFQLDEFME
MSDSASDEQD
AEDSTPLSEL
KGSNGDCYPS
GGIEIQKAAL
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LRLAEFERDS
RDISARIPKN

YLEAFRRLQD
EVEKKRKLDD

SEQ ID NO:41

MASSTLIQNR
GSGSYRIVTG
CLLOVTENVQ
IIDNQLEDGD
DANHMPIGFE
LHSLEGLHRE
PNVYPVDLEE
TAMAFRLLRT
KEKARTFSRNF
DDIWIGKELY
SVECYFAGAA
LINGLPEQAK
YVPTEFDEYME
QCGMKREASQG
KRIHLNMAKI

SCEVTESMSES
PSGINPSSNG
MNEWIEEIRM
WCEPSLEFLGY
IVFPAMMEDA
VDWNKLLOLQ
RIWMVDRLOR
HGFDVKEDCFE
LRTKHENNEC
KMPAVINEVE
TMFEPEMVQA
ILFMGLYETV
VAEISVALEP
KISSVQIYME
MHAEYKDTDG

SEQ ID NO:42

MPGKIENGTP
DNVEQWLFPE
PDEMGLRIEH
LERMHGEKLG
IGATEWDDEA
GLRGLSTILL
FTTFGSERDP
HLYPTMLLVE
REQTCYATLA
VAEAYKLAAL
IESSFEVPLL
SLLGYQTDEY
GQVEDTLTRE
FSSPEQSYFQ
TNMCRMYNDE
ALERLERQER

KDLKTGNDEV
CFHYLLKTQA
GVTSLEKRQLA
HEDLEQVYGK
EDYLRHVMRN
EALRDENGVI
SLTSNLHEVLL
AFTEVLHLID
LVQARHVCFEF
QSASLEVPAR
QAQRVEIYPR
MEAVAGPVEG
TNSVLNHEDV
WVNSTGGESRY
GSIARDNAER
DDAGDRAGSEK

SEQ 1D NO:43

MALVNEPTALF
LOTHLETPEN
ACEIVGEGNIL
DALLSLSFEH
YIHIHXTAML
KTAGKDLLTD
N

YGTSIRTRPT
FDSYMLEKVN
NAMPAACAVE
IATATKGVEK
LESSVVIGAL
KITYPRLLGI

SEQID NO:44

MAEQQISNLL
LSHNAASPDI
VWLEVPEDET
VKATERIQDI
RLSLELLALN
GEYSLTLIHA

BMFDASHASQ
VSQLCFETAM
SVIKEVIGML
VGHDALADVT
SEASISDBAL
LOQTDSSDLLT

SEQ ID NO:45

MEKTKEKAER
LLIDDIEDSS

ILLEPYRYLL
KLRRGFPVAH

ESNRVHGPAG
AFN

FQIFRGQPLR
HLOEGSLTHR
YFRNMTLGET
DRVCNTLACY
KALGLDLPYD
SENGSFLYSP
LGISRYFERE
RQFFKDGEFF
FDEWIITKDL
LELAKADFNM
RLVWARCCVL
NTIAEEAFMA
IVCBTLFFAG
EHPEVPSEAM
FSSLTAMTGF

SAAKSLLDRA
ADGBWGESLPT
VHNDVEDTNH
PSSLLHSLEA
GAGHGNGGIS
GFAPRTADVD
SLLKQSNLEQ
GGELSSLFDE
THMVDRLQSC
TIGHSVISAV
DNIKVDEDKY
DVSLLHQTID
LNSSS5DODT
ACAYSFAFSN
NVNSTIHFPEF
DMRELKIVEL

NLLNPTQKLR
MVNEALDASY
MIHTMSLVHD
DRIVRAIGEL
MGGGSDOQIE
EKSREFAEKL

KLEITVOMMD
SSELNHRWES
HNSSLIIDDF
GTITTIFQGR
ESLSSAVELL
NILSMRRVQG

QLPGKQVREK
SIYGVPSVIN

GDEARLSRRR

FPGTRTPARV
LPIPMEKSTID
SMSPYDTAWV
IALKTWGVGA
ATILQQISAE
ASTACALMYT
IRDCLOQYVYR
CFAGQSEQAV
AGEVEYNLTF
COALHEKELE
TIVLDDYFDH
QKRDVHHHLK
HRLDEDVLDS
ATIAHLOELVD
VKEVLFEPVP

FRSHHSYYGL
TQTAGILDTA
IGVEFIIPAL
FLGKLDFDRL
GTFPTTHFEC
DTAKALLALS
YHPOILKTTL
SFRCKIGLSI
VDRGFSWLES
PSSDLEKYMR
LEITIPFIWVG
KVIDNTMGNL
LRREFRTFMH
CLMSANLLQG
TLCNGTSONL
FCOVTDLYDQ

PVS5SSLPSF
PLKDPIKIHE
DLPCMDNDDF
ARSVGBEGLY
KLEKFARSIG
NEBAQEQLSG

TYHYRETPPD
QRLEVADEPY
QDNSPLRRGK
AMDLWWTANA
GQYFQIRDDY
KLTAQKRCWE

LEQAFNHWLK
SANYVYFLGL

MAILEFFAQQ

QULEKRRCLR
NFQSTLYVSD
ARVPALDGEH
QNVERGIQFL
REKKMKKIPM
KDVKCFDYLN
YWEDCGIGWA
TGMENLERAS
PWYASLPRLE
QVIKWNASCQ
GTPVEELRVY
HYWDKLITSA
YDYHLVMHLY
NSMOQLTYEV
E

C8TsCQVYDT
SAVLALLCHA
LEMLEKELDV
SHHLYHGSMM
SWITATLLKV
LVNQPVEPDI
FTCRWWWGED
FQAVLRIILT
CSFHSQDLTW
LVRKTALFSP
CNNRSRTFAS
ARANGTVHSG
AHITQIEDNS
KDAFPSGTQK
DERKERLLKI
LYVIKDLSSS

SSVSAILTEK
SMRYSLLAGG
RRGKPISHRY
AGQVVDILSE
LLFQVVDDIL
FDRREKAAPLI

SESSEGGSLS
NYILTLPSKG
PSTHTVFGPA
IVPSIQEYLL
MNLIDNKYTD
WK

VPEDKLQITI
EEVLTLDHPD

73

VDLYGQVYVI

PTESVLESSP
IWSETLQRTE
GPQFHRSLOW
QSNIYKMEED
AMVYKYPRPTTL
QLLIKFDHAC
BNSSVQDVDD
QTLFPGESLL
HRTYLDQYGI
FRDLEFARQK
VOAVRTWNPE
LKEAEWAESG
NRVGRILNDI
LREFTAVPKSC

ARVAMIPKTR
QEPLOILDVS
PEFEFPCRSI
ASPESTAAYL
GFTLEQIDGD
MIKVFEGKDH
HCVRKDKWNLS
QDNDGSWRGY
TEKTAYEVGE
LDEWGLMAST
NEWLYDMMYL
NGHQHESPNI
REFSKQASSDA
YLISSVMRHA
ATYEQGYLDR
MK

HQSNPEENNN
KRIRPMMCIA
YGEEMAVLTG
GADVGLDHLE
DVTKSTEELG
ALANYNAYRQ

RYDERRVSLP
IRGAFIDSLN
QAINTATYVI
MYNDKTGALFE
QEGFCEDLDE

EVTEMLHNAS
AVKLFTROLL
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ELHQGQGLDI
GLFFQIRDDY
IDIKKYCVQY

YWRDIYTCPT
ANLHSKEYSE
LEDVGSFAYT

SEQ ID NO:46

MARFYFLNAL
ALEASVKSRI
HTMSLIHDDL
IVDVIARLGK
GGATPEEVAA
ESKAYARQLI

LMVISLQSTT
PQTDKICESM
PSMDNDDLRR
SVGAEGLAGG
CELFAMNIGL
DEAKESLAPF

SEQ ID NO:47

MHLAPRRVPR
RGWOAGGGTG
DPDQAGQLGY
SARRPGTDTS
DDLLGVFEGDP
RLRCVLVATG

GRRSPPDRVP
LPDEVVSTAA
STATILVGDLA
LALRIARYKT
RRTGEPDLDD
ARAEAERLIT

SEQ ID NO:48

MSYFDNYFNE
RERAYYAGAA
LTQALRGLPS
SASBEIGALT
KTILVIKTLE
IDSLNQVSSK

IVNSVNDIIK
IEVLHTFTLV
ETIIKAFDIF
AGANDNDVRL
LCKEDERKIV
SDIPGKALKY

SEQ ID NO:49

MVAQTFNLDT
LAGGSVEQAM
LAYAFEHIAS
SHETGALLEA
GKDQAARKAT

YLSQRQOQQVE
PTACALEMIH
QITRGVPPQLV
SVVSGGILAG
YPSLLGLEAS

SEQ ID NO:50

MASVTLGESWI
TEEDNLRQSE
VLCIAARCELV
AVLAGDALLS
LNDVGLEHLE
DVTKSSKELG
ALBNYIAYRQ

VVHHHNHHHP
PSSFDFMSYI
GGEESTAMPA
FAFEHLASAT
FIHLHKTAAL
KTAGEDLIAD
N

SEQ ID NO:51

atgtettect
ggtgaaccag
gaattgtett
getgttttga
aaaagagteg
ggtagaaaga
aaagecttag
ttggatgact

cttectette
ttatcgtote
caatgttgat
toggttgtat
aacctttgaa
aagttacaat
gtgaagaagc
atgecegetga

EEEYKAMVLY
NKSFCEDLTE
RHTLRELEAK

AFTPAKLAYP
AYSLMAGGKR
GEPTNHVVFEG
QVMDLECEAK
AFQVADDILD
GDRAAPLLAT

ERQGALGRRE
ALEMFHAFAL
LTWSDELLYA
AAYTMERPLH
LRGGKHTVLY
ERRDQALTAL

SYISGDVPKL
HDDIMDQDNTI
TRSIITIBEG
MSDFGTNLGI
LEALGNKSAS
LAEFTIRRRK

EALSAALVPEA
TMSLIHDDLP
LOVIARIGHA
ADEELLARLS
ROKAEELIQS

SSILTKERSR
ITKAELVNKA
ACAVEMIHTM
S8DVVSPVRV
LEABAVLGAI
KLTYPKIMGL

cagtacetot
cgacccagea
cgaaaacaga
tgteatgtty
accattagta
atttttcogygt
taaggraayga
tgacgatygaa

KTGGLFGLAYV
GEKFSFPTIHA
AYKQIEACGG

TTTTALNVAS
IRPVLCIAAC
EDVAILAGDS
PGTTLDDLKW
VIASSEDLGK
ADFIIDRKN

GAGSTGCARA
THDDIMDDSA
PLTPHRLAAYV
IGAALAGARP
ALAREHATPE
NALTLPPPLA

YEASYHLFTS
HRELPTVHVK
QAVDMEFEDR
AFQIVDDILG
KEELMSSADI

YPERIYEAMR
AMDNDDERRG
VBATGLVGEY
HYARDIGLAF
AKEALRPYGS

SCPITLTIRPI
LDSAVELREP
SLIHDDLECM
VRAVGELAKA
VGGGSDDEIE
EKSREFAEKL

atgattgatt
aatgeototyg
caattcogoca
gtatggagaa
attaagcecaa
accecaaacty
tacgaaaaga
tacgaagaaa

GLMQLFSDYK
IWSRPESTQV
NPSLVALVKH

AETSFSLREY
EMFGGSQDVA
LLSTSFEHVA
IHIHKTATLL
TAGEKDEATDK

ARGVHRRRGGE
TRRGEPTVHR
LPLVTAMRAE
ELLAGLSAYA
QRHTLDTLLG
EALARLTLGS

GGKRLRPLIL
YGLPLATILAG
IDIKEQEYLD
LTADEKELGK
TKKYSLDYAY

YSLLAGGKRL
KPTNHEVEGE
VVDLESEGKA
QIVDDILDVT
QAEPLLALAD

SFRSKRTVES
LEIHEAMRYS
DNDDLRRGKP
IGTEGLVAGQ
RLRKFARCIG
NREARDQLLG

tgatggetye
cttatgaate
tgategtaac
gatcoggtay
gagaagaaga
gtacagetga
ctagattcaa
agtigaagaa

74

EDLEPLLDTL
ONILRQRTEN
LSKMFTEENK

LASKIGPIES
MPTAVALEMI
RETKGVSAEK
QVAVASGAVL
TTYPELLGLE

GEADPSAAVH
ALADRLGAAL
TVHGQYLDIT
LPAGEAFQLA
TPGLDRQGAS
TAHPA

TISSDLFGGQ
DLLHAKAFQL
MISRKTAALF
PVFSDIREGK
NLAEKYYKNA

RPILCLAACE
DIATLAGDAL
ISLETLEYIH
ATSEQLGKTA
FITRRQH

B88IVESBVV
LLAGGKRVRP
TNHKVEGEDV
VVDISSEGLD
LLFQVVDDIL
FDSDEVAPLL

tattattaaa
agttgctgca
tacatcaato
tggtaattet
aatagatgac
aggttttgca
gatagtogat
agaagatgtt
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geatttttct
tacaaatggt
gtttteggtt
gatattttgg
caatgtatag
atcttgagag
tacagagttt
ggtaacggtt
agagaattac
ggttocggtt
gaaactgttyg
cacgectgaaa
tgtaacttaa
goottggtty
ttagecatcte
ttgttagaay
ggtgtageac
gaaactagaa
cacaagggtyg
ttgttottag
aaggttecaa
caagaaagat
gogttgtagaa
tetyggtgeat
gttcaacata
tattigtacy
acaattgecte
ttacaaactt

ttttyggcaac
ttacagaggyg
tygggtaacag
tegaacaagy
aagatgactlt
aagaaggtya
ceatecatga
atacagtttt
atacaccaga
taaccatgaa
atgaageatt
aagaagatyy
gaacagoett
ctttageoge
cagooggras
ttatggeaga
ctagattygca
ttcatgttac
tatgototac
gtagaccaat
taatecatygat
tggetttagt
acagaagaat
tggoogaatt
agatgatgga
tttgegygtyga
aagaacaagyg
coggtagata

SEQ ID NO:52

atggcggaac
caaggocata
acaacactityg
accaccteoa
geaggagaat
atcaagaage
gaatgggttt
goettgbgtty
ggtygaaacty
ttgoagaato
aatattgate
atagagtgya
taccttgaca
catcatgagt
tttggtagee
gatagtgatyg
aatcttitogy
gatgtgttag
cttgaageaa
acaaatgoeca
aatgggatag
agaggagtaa
catgaaggtg
taaatttotg
aatattgaat
tgegacttaa

aacaaaagat
taaaccocttt
ttaccaccat
tegasatcea
catatttgga
ttcaaagtga
tagatgttge
taaacagott
ttteggttec
atgagcaaat
aageacgtty
cgagaaagat
aacgacttga
geatgaacty
tggtgaaaca
teaacttott
aagtaataaa
cacacgaatc
taagtotiygg
agcttctaga
tgagaagagy
taatccgaaa
gtagctcaga
ctgotttgta
cataactaaa
aacotitagt

SEQ ID NO:53

aAtggaaaaca
cettttcaag
ttttetatta
ttoacattca
aoooacgygte

agaccgaaac
ggcacatcaa
caatctttea
gattcatact
ctttagetgy

ctatggtygac
taatgatogt
acaatacygaa
tgetecaaayga
tactgeotygyg
caccgeegtt
tagtgaagac
cgatgcacaa
atccgacaga
gttgggtgac
gagattgttyg
tacaccaatt
gaccagatac
Leatgetagt
agatgaatal
atttceatetl
accaagatio
atgtgcatta
ttggatgaaa
cttegtaaga
aggtooctggt
tgaatctggt
ggattteate
atctgtaget
taaggeatcec
cgrasaagggt
ttocatggat
cttgagagat

caagaaatca
catccagttt
cecacacetta
ageaattioo
aacattcaaa
aggaaceaca
aattgagttt
atattatcat
tugatttoca
acagagecot
ggtoticaca
atggaacttyg
tgatgataaa
gttagacgat
tggacoogaa
grgggttato
aaccggaaagy
agtaggatygce
sgtococogtt
tgaaatitty
aaatcttgeg
gaatgoggta
caatgatatt
ttttatgtgt
ttoaagatta
ttataaaaaq

aacagttags
tecaagtacta
caccaattto
tgataatygat
aatgagaatt

gutgaaccaa
ggtgaatggt
catttcaaca
ttagtocaaqg
agagaagcett
getaccecat
geaaagttta
cacccttaca
agttgtatac
catgtaggty
gatatgtcoo
tocagtibobt
goettgettgt
gatcctactyg
teaaagtggyg
gocaagecte
tactcaatca
gtctacgasaa
aagtgotgtio
caatcasact
araggtttayg
gtecgaattag
tatgaagaag
ttttcaagag
gacatatgga
atggccagag
agtaccaaag
gtctggtya

cecacacgtuo
gygcaaacgat
aactcaacce
gatggttgty
caagttgggt
attgatgcaa
ggaatcgatyg
gttcataagg
gtgottcaac
tggtcteaga
aatagttttt
aaggtaatcg
gataacggat
aagecaaagg
caagtggaag
asacataaaqg
gytttgatty
tttgttacac
gtitgeaatge
ggtgttggag
teatgtatta
aaatygaagy
gtegaatttg
tatggttitt
ttgtttgtaa
aaattagasa

cgtaggegta
caactageoca
aacaaaccaa
ccacaagaty
ccaatcatca

ctgacaatygo
tgaaaaactt
aagttgcaas
taggtttggg
tgtgygoctga
atactgotyge
atgatatcac
aagetaacgt
acttggaatt
rtttatgoga
ctgacactta
taccacctoc
tatcateceeo
aageagaaay
tagttgaatc
cattaggtgt
gttetteace
agatgccaac
cttacgaaaa
toaagttgeo
cecocatteag
gtoocttoagt
aattgeasaqg
aaggtecasac
acatgatcag
atgtecatag
ctgaagglttt

tactocatoon
taatctocaa
taaaccacayg
atgaaggegy
ctaaatcact
toatttatga
gtggttcegtt
gtttgattte
ggtgggagac
tgttgtttygyg
acaagctoga
ggceaacact
ttaatcteta
aatcagttgt
aaatcacacyg
aagagggaaa
tageatggtyg
attgtggaott
ctecaatttto
ttagagttaa
agatgattat
atttggetaa
taagtgaget
tgatttagat
tattetttgh
atactattge

gaatcattct
acgttttgta
azaacatocaa
aacgtatttc
atgaacatygg

75

ageeagatte
aaagtacgyt
ggttgtogac
tgacgatygac
attagacaca
agtattagaa
tttggecaat
tgcagteaag
tgatatoget
caatttgtet
ttttagtttyg
attococtoca
taaaaagtoo
attgaaacac
teagagatoa
cttetttgot
taagatoget
coggtagaaltt
atcaganasayg
ttctgattos
aggtttottyg
tttgttettt
attogtogas
taaggaatac
traaggtget
atctttgeac
cgtasagaac

attcocttta
aggtgtcaaa
taacaccacc
ttttatgagt
agectgactta
ttectatgact
ttteactcas
Litgoocattyg
accgttaatt
teagtttgot
ggaagaggta
tecatecaty
caaagcaaac
ttacgtages
ggetbtaata
getococagaa
caaacaatty
caactoaact
gygatcasact
ggctgatgag
ggaggaggaa
agtageogtt
aattaaggot
gtattcaatt
cotaaaattt
acgga

gtttocagta
ctctaaaggt
ttaccecacat
aaactiacct
tgeogatygay
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ctrtagaagayg
ctgattacty
agattggtac
tttgacgaat
ggtittecta
aadagagatet
agtttcaaay
teattectyga
gacagaacag
tttggtagta
gatagtaage
gtegaaccac
caacaggaaqg
tecaactttag
caaccactga
ggetgggaaa
gagtatatca
ggaggetett

aattagagtt
acgctetatg
taatgacatc
tgggatactt
tgttgaaagt
taggaaagat
agttagaaga
taccattacc
tttttcaatyg
cttoetgaagt
agteattect
ttocecagatgyg
ttttagetea
aatcagtatyg
acgcaagata
ggggtygaaat
gacaaaacgce
catacgaatc

SEQ ID NO:54

MDGVIDMQTI
NLLOLKEKKP
YALKVLTEDK
FEENPNQEVN
ATEVDURDFF
LEEAQILTDK
ITEENLSQLP
DEEKVWENPEE
WEKLEDDAEED

PLRTATAIGG
YMTFTKWAEM
SMVAMSDYHD
LREIFQEQLE
PYLEWVPNKS
QLIMELWEPT
YLYAVEFQETL
WNPERFLBEK
VNTLGLTTQK

SEQ ID NO:55

aagettacta
attgetattyg
teotacgoett
gttecagttt
aagtgggety
gttgtctett
accagaaaat
toetgattate
coaaacgcoe
gaattgeaty
caatcocaat
tacgttaagy
gatccaatga
gttocoaaaca
atgaaggeet
tacattgatt
ttgtgggaac
tacgaattgy
tgecggttocy
ttoocaagaaa
gaaaacacoy
tacggttgea
ttettgteey
agagtttgeg
gtcocaagatt
ttgactacce

cegegy

gtasaatgga
gtggtactgo
ceccatotoa
tgggtaattt
aaatgtatgg
ctaacgaaat
tgtettacge
acgattaccea
aaaaaaagtt
cettettega
tatteggttt
atttgygaaac
tgggtygctat
agtececttega
tgatccaaga
acttgttgte
ctattatcga
ctaagaatoo
aaaagattac
ctttgagaaa
ttttgggtygy
acatggataa
aaaaagaatc
ctggttottt
ttgaatggaa
aaaagtigea

SEQ ID NO:56

atggecacoe
gotctgtett

tecttgagea
ggctgtteot

acttatgttg
gtactitgeo
cagtetgttt
ggaccctgat
caaagatatc
gatocaaacag
gtctgaattyg
agaacattty
gttggaccaa
cgatgaaaay
ttgggtegty
ttttctagge
tggegetatt
cgaaggygygta
catgtotgat
agetaatgea
aagagtgetyg
cttagaatot

TAVALVVALY
YGPIYSIRTG
YHRKTVERHIL
GLAMEKQALGK
FENIIHRMYT
IESSDTTMVT
REKHCPVPIMP
ESMDLYKTMA
LHPLLALINP

cggtgtoato
tgttgoetttyg
teattctaat
gttygcaatty
teccaatotac
cgocasagaa
cttgaaggtt
taagaccgte
tagagcacat
aaagaacceca
guctatgaag
caccatgaag
tgaagttgat
aaacatcatc
acacaagaaa
tgaagcocaa
atcttetgat
azacatgcaa
tgaagaaaac
geactgtcca
ttatcatgtt
gaaggtctgy
catggactty
acaagecatyg
gttgaaggat
tecattattyg

tttecaaget
cttttacate

geatocgaag
caatctgtygy
ascttteacy
gacaagacta
aagtctgeot
acaaaggett
gagactgtaa
actgottect
caaccaccta
gactteetty
cgtecaggtt
gaaagaggta
ggygeattot
cotatgatet
gtitttgaaaqg
ataagacgtg
aagcaaaayyg
cttgtttect

FUFLRSYASP
ATSMVVVSEN
TAVLGPNAQK
DVESIYVKDL
RREREAVMKALT
TEWAMYELAK
LRYVHENTVL
FGGGERVCAG
REK

gatatygcaaa
gttgttgecat
catttgeeac
adagaasaaa
tetattagaa
gttgttgtta
ttgacogaag
aagagacata
agagacacca
aatcaagaag
caageetigy
agagaagaaa
tggagagact
catagaatgt
agaattgeet
accttgaceg
accactatgg
gacagattat
ttgteccoaat
gtteoctatta
cecagetyggta
gaaaatocay
tacaaaacta
gttatttoctt
gatgoccgaag
geecttgatta

atgeocotttg
aaagtttcat

aggacgagga
ctgatagttt
cteatgttag
ggttagagga
attctaatty
catotggagt
tcagagaaat
cttectettt
gttetgtttt
aaatcgcaag
togtgaaagy
gaataghboas
ggactceatte
tttoagattt
tgggtygtata
ttatggttga
cegacgtite
acattitcatc

SHHSNHLPPV
EIAKEVVVTR
KFRAHRDTMM
ETTMKREEIF
QEHRKRIASG
NPNMQDRLYE
GGYHVPAGTE
SLOAMVISCI

ceattecatt
tatacttttyg
cagtacctga
agcettacat
ctggtgctac
ccagattoce
ataagtctat
titttgactge
tgatggaaaa
toaacttgag
gtaaagatgt
tettegaagt
ttttececata
acactagaag
ceggtgaaaa
ataagcaatt
ttactactygs
acgaagaaat
tgccatactt
tgccattgag
ctgaagttge
aagaaltyggaa
tggettttgy
geattggtat
aagatgttaa
acceaagaaa

coatooctat
tettttocaa

76

agtctettygt
gaatttgagy
tttaccacaa
acaggectet
gecaaatotty
gatttggaac
tecageacot
gttggatcat
gtacgtgtea
aggettagte
cteaacatgyg
atgyggttoct
cggatggaat
tggtettgat
tectagaaaat
tgaagagggy
tetaatgaag
actygtaa

PEVPGVEVLG
FPSISTRKLS
ENVENELHAF
EVLVVDPMMG
ENLNSYIDYL
EIQBVCGSER
VAINTYGCNM
GIGRLVDDFE

gagaaccget
gttecttgaga
agttecaggt
gacottcaco
ttocatggtt
atctatetet
ggttgccaty
tgtttitgggt
cgttteccaat
aaagatotte
tgaateocate
tttggttgte
cttgaaatygy
agaagetgbt
cttgaactoo
attgatgtet
atgggotaty
ceaatoogtt
gtacgetgtt
atatgtitcac
tattaacatc
tecagaaaga
tggtggtaaa
cggtagatty
cactttgggt
gtaactogay

tgeactyggot
caagagtgot
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caggctaage
caactcaagy
atctattcta
agagaggeea
aagattetta
atgatasage
agcaacagag
tectectogag
ttgaageaay
acactgtcaa
gaggttgatt
acaadaatlo
cagaagaage
gaagggaaga
acageagata
aagegtoagy
gaggaatact
cacagteegy
tactacattc
catcaatyggy
cctatggatt
cttcaggcaa
aagotgagag
tatccaatyge

toococtontgt
agaagaaacc
teaggactyy
tggtgaccayg
ctgectgataa
gatacatact
ataccttgay
aagetgtyaa
cetttggaas
gagatgagat
ggagagattt
agcgactcta
gaattgoette
cactgacaat
ctacaatyggt
atcgtetcta
tgtcccaact
ctgegttagt
cagotggaac
aaageectga
tgtacaagac
tgttaatage
atggagaaga
atgcaatcct

SEQ ID NO:57

aagcttacta
ttegotacty
ggttiocact
gotthtgocag
ttgagatggy
gtbtgtigtta
tetaccagaas
acctotygatt
ggtgctaaty
aacasattge
ttcgaatetyg
ttgttogity
agtgacatgt
tggatcccaa
gtiatgaact
tgttacttga
ttggectagy
atgtacgaat
gtcotygoggta
gtttttcacy
catgaagata
atctacggtt
agatttttgy
ggtaaaagag
agattggttc
ttgggtiiga
ctegagooge

gtasaatgge
ctittgotgt
ctactaagaa
ttgttggtaa
ctgaaattca
actctactea
agtitgtoosa
acaacgaatt
ctraaasgay
atgeoccatac
aattattogy
aagaatiggg
tgaagygbge
acaagteett
ctattgtoaa
attacttgtt
asaccattat
tggotaaaaa
ctgataagat
aaacctigag
ctcaattgygyg
geaacatygyga
acgaassaygta
tttgegotgy
aagaatttga
ctacccataa
g9

SEQ ID NO:58

atgattitcot
aaattgttgt
cecagttocag
aagactttca
tottetttyga
tetteaatot
atggttgcta
ggttrgttgg

tgttgttygy
tettoticag
gttttccatt
ceaagtggtc
tegtottgaa
ctaccagaaa
coetetgatta
gtgctaatgo

gooagtggtt
ctaccagact
tgottecaco
atatttateo
atgtatggtt
ctecaaatgtt
agotaatgto
ttteagaaga
ggacatagaa
ctitaaggtt
ctteeccttac
tttoogeagy
aggagaggaa
ggaccaaata
aacgacagaa
teaggaaate
googtacoty
teoctttaaga
tgagattgot
ggaatggaaa
catggebttt
gtgcoogany
agaaaatgta
gaagccaaga

ctecatcacc
tggtagtgte
aaacgaatat
tttgttgeaa
tggtecaato
tgttgecaaa
ggotttggaa
tcacaagaty
acacagaatt
caagaatiton
tttgygctaty
tactaccttyg
tattgaagtt
cgaaatgaag
agaacaaaag
gtocgaaget
tgaaactget
cocaaageaa
LasCcgaagaa
amagtattet
tggttattat
caagaatcaa
cgatccaaty
ttetttacaa
atggagattg
gttgtatcea

ttttgttgte
togtcecacaaa
gattggtaac
tgaattatat
ctetattygaa
gtigtotaas
cgatgactit
tcaagaaags

cctgggetge
tttacaagygt
atggtogtto
atcteaacea
geaataagty
cttggaccta
tgeagocgat
gtttttgagt
aagoceattt
ctagtgotty
ctygagatygga
aaagcagtyga
atcaactgtt
agtatgtiygs
tgggctatygt
caaaaggttt
aatgcagttt
tatgeacaty
ataaacatat
coggagagat
ggggctggaa
attggtagygce
gatactygttyg
agtta

catttcttac
tetttgttga
tacaagtige
ttgaaagaaa
tactcotatta
gaagetatygg
ttattgacot
gtcaagaagt
catagagaca
cecattgoaag
gagoaageont
tccagagaag
gattggagag
aticasgagat
aagtccattg
aagactttyga
gatacaactg
caagacagat
catttgtees
cecatctocat
gttocageeg
tgggaaactc
gacatgtaca
gotagtttga
aaagacyggryg
atgeaageta

tectectteot
atgtccgaag
ttgttgeaat
ggtecaatetr
accgeeaaay
getttgactyg
cataagtiog
asgagacatt

cggtgattgg
gggctgagyga
tecaataccac
gaaagctate
actacaacga
gtgctcagaa
tgoattotea
gyggaactctt
atgtggagga
acataatgya
tterngaatac
tgactgooct
atatcgactt
tittgggagac
atgaagttge
gtggatcgga
tcocatygaasc
aagatacceca
acgggtgtaa
ttttggacce
agagggtatyg
tggtgragya
ggctcaccac

aagattitea
tattettett
caccagttoc
agaagceata
gaactyggtyge
ttaccagatt
cecaacaaato
acatcttgyge
cottgatogsa
ctgttaactt
tgggttatga
asatctacaa
actottteoe
tggootetay
cototggtas
cogaaaagea
ttgttaccac
tatacaacga
agttgecotta
tggttcecatt
grtactgasat
cagaagaatyg
agactatgte
ttgettgtac
aagttgaaaa
tettgeaace

tgtttatett
trhtoctagatt
tgasagaaaa
acrctatoas
aagetatgygt
ttittgacclty
tecaagagatyg
acagagatge
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gaatbtacty
gtatggacea
coaagtigea
aaacgeacta
tittcacaaqg
gegteaceygg
agtaaagaac
tggaattgea
actiggeact
gggtgceaatt
goegratggaa
gatcaacgag
cttgettaay
ggttattgaa
taaagactca
gatggttaca
gotaagyaay
actaggaggt
catggacaay
gaaatttgatl
tgoetgghtot
gtttgagtgy
toacaaacge

agetactoca
cttcatoogt
agtitgtteoa
caagactttc
ttctaccatyg
ctotteaate
tatgghigeo
cgaattattyg
aaacygtotty
cagaaagatc
tgttgattece
cgttttggte
atacttgaaa
aagacaagec
gugtgaaaanc
aatttceatt
tgaatgygget
aatccaaaac
chtgtotget
gagatacgot
tgetgtiaat
gaagocagaa
ttttggttec
ctocecateggt
cgttgatacc
tagaaactyga

ctitecttgaaa
geecatetgtt
gaagocacac
gatygggttec
cagtagattc
caacaaatct
cttgttgaac
cttgatogaa
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240
300
360
420
480
540
600
660
720
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840
900
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1020
1080
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180
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1440
1500
1560
1572
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aacgttacet
agagoecattt
gtogaatoca
gttttggtoo
tacttgaaat
agattggoty
gatgatgact
attgotattt
gaatgggeta
atccaatcceg
gtcaatggty
agatacgete
gocattaaca
tggooagaaa
tttggtgety
getateggta
gttgatactt
agaagatcett

ctaaattgoa
togaacacyga
toctatgtaaa
acgacatgat
ggatcoocaaa
ttatgaacygce
gotacttgaa
tggtttggga
tgtacgaatt
tetgeggtog
ttttteacga
atgaagatac
tetacggtiyg
gatttttgga
grtasaagagt
gattggttea
acggtttgac
aa

SEQ ID NO:59

atggatgetg
gotgtageat
agatcccaat
aatctgttac
tatggacoeta
gagatagoea
aaagooctga
tatcataaaa
aagcatagaa
gtgaaaaaca
tteggettag
ctgaaaatea
ggagcaatceg
aagttogaaa
atcaaagage
cttttatetg
atcattgaat
aaaaacccta
aagataaccy
ctgagaagac
ctaggegget
atggacaaaa
aatgagacaa
ggttecttge
gaatggaaac
atgttaagac

tgacgggttt
tggcggtage
caaatcatet
aattgaagga
tetatagtat
aggaggeatt
aagtacttac
cagttaagayg
ttecacagaga
acccagaaca
ctatgagaca
ctatgaatag
atgttgattyg
atactattea
acaaaaagag
aagetcaaac
ctteagatac
aattgcaaga
agagagcatcet
actoaccagt
accatgttec
acgtttggga
ttgattttea
aageoctttt
tgaaggatat
cattgagage

SEQ ID NO:60

aagetibacta
gttttgggty
aagagatooy
aacttgtige
tacggtecaa
gaagttgccea
aacgeottga
tttcacaaaa
agacatagat
gttaagactt
ggtittggett
ggtactacct
goetattgaayg

gtaaaatgga
gtatttectt
ttgaagyttt
aattgaaaga
ttttctetat
aagaagetat
agattitgac
tggtcaaggy
gtcatagaga
ctoccattgyga
tgaaacaage
tgtocagaga
ttgattyggag

tgeccatace
attatteggt
agaattgggt
ggaaggtget
caactettic
ctbgatccaa
tttettgatyg
aaccattate
ggecaaacat
tgaaaagate
aacctigaga
ccaaattggt
caacatggat
agatagatac
ttgtgetggt
agaattcgaa
ctoocaaaayg

gttaactgtc
gotaatettt
tecaagagty
gaaaaagcca
caaaactgyy
ggtgaccayga
agragataay
acacatactyg
tatcatgaty
ggaagaggta
ageeottagga
agacgaaatc
gagagacttc
acaaatgtac
aatagegtea
tttaaccgat
aacaatggtc
taggtigtac
atcacagety
tectateatt
tgetggeaca
aaatooagay
aaagacgatyg
aactgeatet
gactceaagag
tattatcaaa

catgatgugt
ggttgttttyg
geeaccagtt
aaagaagceca
tagaactggt
ggtcactaga
cttegataay
ttteatcttyg
taccttgatc
accagttgte
cttgggtaag
agaaattitt
agattttite

agaaatcate
gttgetttga
gtcacctigt
attgatgtty
gaagccagaa
gacagattga
tctgaageta
gasactgoty
caatetgtte
aaagaagaac
aagtattote
ggttatcatsa
aagaagagat
gaatccteoeyg
getttacaay
tggaagttga
ttgtatoeat

ceagcaaceyg
tggtacoctga
cetgaagteoo
tacatgactt
getacaagta
ttceaateca
acaatggtog
accygoogtot
gataacatat
gaccttagasa
aaggatgttg
tttcaagtee
tttecatacce
atcagaagag
ggcgaaaaygce
cageaactat
acaacagaat
agagacatta
cettacatta
cetotaagac
gaacttgeoy
gaatggaace
gecttoggtyg
attgggatty
gaagtgaaca
cotaggatoet

attgaagoty
atctteatea
ceagatatto
cataagaccet
gettetacea
ttctettcaa
tgtatggttyg
agaaacgttt
gaaaacatet
ttgaagaaga
gatategaat
gooegttttygy
ceatacttgt

cacaagaacce
aacaagcctt
coagagatga
attggagayga
ttcaacaaaa
atcaaaacya
agacctigac
ataccacttt
aagatagatt
aattgceaay
cagetocatt
ttecagoogy
gggaaagacce
acttgcataa
ctagtttgat
gagatggtyga
tgatggocat

ctataactat
aatcctacac
caggtgttec
ttacgagaty
tggttgtggt
tatcetacaay
caatgtoaga
tgggtectaa
ctactcaact
aaatctttea
aaagtttgta
ttgttgttyga
taaagtgygt
aagctgttat
taaatagtta
tgatgteeott
gggcaatgta
agtoegtoty
cagetatttt
atgtacatygs
ttaacatcta
cagaaagatt
gtggtaagag
ggagaatggt
cgataggect
aa

ttocatttige
gaagattcegt
caggtttace
thgetagaty
tgategtett
tetetaceay
cecacctoetga
taggtgctee
ctaagtactt
ttttcgaate
coatctatgt
ttgtigateo
cotggattoo
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agttaactic
cggtaaagat
aattttcaaq
tttettecca
geacaagaga
ttecegaatoe
catggaacaa
ggttactact
attcaaagaa
attgocttac
ggttocaatt
ttotgaaatt
tgaagaatyg
gactatgget
ggctggtatt
agaagaaaac
tatcaaccea

tggtgygaact
atcagetaga
attgttagyga
ggeagegaca
atcatctaat
gaacttatct
ttatgatgat
tgcacagaaa
teatgaatte
atctygagtta
cgttgaagac
tecaatgaty
cocoaaacaaa
gaaatottta
tategattac
gtgggaacca
cgaattaget
tggatctgaa
cracgaaaca
agatacogtlt
cggttgeaac
catgaaagag
agtttgtget
tcaagagtte
aactacacaa

tactgetbgtt
ttooaacaga
attgattggt
ggctgaaact
gaattottet
saagttgtec
ttacaacgat
agcecaaaaa
goatgeooat
cgaaatttte
tgaagaattg
aatggctggt
aaacaagteot

PCT/EP2015/070620

540
600
660
720
780
840
900
860
1020
1080
1140
1200
1260
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1380
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60
120
180
240
300
360
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600
660
720
780
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atggaaatga
ggtgaacaaa
ttgtctgaag
atogaaatit
gaccocaaata
ttgactygaag
agaaagtatt
ggtggttace
aacaaaaaygce
tatgacttyga
ggtgetttac
gaatygaagt
aaattgeato

agatccaaay
agaaaagaat
ctaccacttt
cegatacaac
gacaagaaat
aaaacttgte
ctoecagetoo
atattccage
aatgggaaaa
tggactiygoa
aageaatgtt
tgatgggtgy
caatgcaagc

SEQ ID NO:61

atgeaatcaqg
aaggeaatgg
aagatgctag
attggygtgte
ccagtteoceac
aazaagaaay
geattagteg
gatgactacy
ttettcttet
aagtggttca
tttgotitag
aaacttacty
tgtatagaag
ttaagggacy
agagtggttt
ggtcatgttyg
ctacacacct
ggactgtett
gtogatgaag
gataaggagg
acattgagay
titgotyggeat
gethcaccag
ctagaagtyga
gtagetocac
aacagaatac
agagyattgt
teteaageat
ccagtcatta
agattggeet
cgtaatagaa
grattgtcag
cacaagatga
tatgtetgtg
gttoaggaac
atgtotggaa

attcagtcaa
aazgagttgaa
ttgaaaatag
ttgtatitot
aagttatcgt
tttetatttt
aggaagraaa
ctgcagatya
tggocacata
cagaaggoga
gtaacagaca
aaatgggage
atgacttcac
aagatgatac
accatgataa
ttcatgatge
cteoaatcaga
acgaaactgg
cactaaaact
atgggacaco
acgetetaac
tggetgetea
ceggaaaaga
tgcaaagttt
gtttacaace
atgttacatyg
gttcaaccty
ceattttegt
tgataggacce
tgaaggaate
aagtigactt
aattgatogt
gtcaaaaagce
gegatgceaaa
aagggagtot
gatacttaag

SEQ ID NO:62

atgaaggtca
aactoctoat
gttgocatct
agaagagcety
gaaccagaac
actggtacty
aaggctacct
gaaaaattga
cotactgata
tggttgcaaa

gtoccattcega
ttgaatctac
tgaccactto
gttctagasa
ctgaagttga
chtgaaggttt
teagagttgt
agaacgaatc
atgetgctag
acttgeacta

aatggatttt
cggtteoggt
gaccgasaasy
tttggttace
cttgtacaga
caagitygocs
aatggttcca
tggttctcaa
tecctgaagaa
taagactaty
gattgottyge
tgaagaagaa
cattattaag

agtotocteoa
cgetagtgaa
agaattgttg
aatgtyggaga
tgtaaagaay
ctacggeaca
agtgagatat
tgatgaatat
cgatgatggt
cgataaaggt
atatgaacat
caaaagatta
cgeotygyaag
ttetgtgact
ACCAYCATAT
acageatcot
taggteottgt
cgatecacgtt
gttagggtta
tatoggtggt
cagatacgoa
tgetagtgat
tgaatatgea
tocatotgoo
aagatactac
tgoetttggty
gatgasaaat
tagaacatea
aggeactggh
tggtacagaa
tatctacygay
cgecattttea
ctocgatats
gggcatggeco
ggattctteco
agatgttigy

attcatgtoo
tggtogaagte
tattgetgtt
ggttaagaat
agatgytaayg
tgctaagget
tgattiggat
cttogeegtt
attttacaag
tgetgttttt

agaagagelty
gaagaaaaga
caaatigoeta
totygaatggy
gaaatccaca
tacttgaact
gttagatatg
attgocatta
tggaagecag
gottttggty
acttocatoyg
aacgttgata
gocagagaat

tttgatttgy
tetgaagato
acactgttea
cgtteatoot
aaagagaagyg
caaacaggaa
gaaaagacct
gaggaaaaac
gaacctactg
gaatggotga
tteaacaaga
gtaccagtag
gaattggtat
accecataca
tecatatgectyg
teoaagatota
acteoacttag
ggcgtttatt
toaccagaca
gettecactac
gatgtettat
cotagtgaag
caatggateg
aagectecat
totatcagtt
tacgagacta
gotgtcoectt
aatttcagac
cttgecocat
ttgggtictt
gacgagotta
agagaaggga
tggaaacttc
aaggatgteo
aaggetgaat
taa

getattatoa
gooctecgtta
atgatiggtt
gtogaattge
aagaaggttt
ttggotgaty
gattatgetg
ttetigttygg
tggttegecy
ggtttgggta

ctitgatgasa
actcctacat
tgttgatctg
ctatgtacyga
aggtttgogy
ctgtttteea
ctecatgaaga
acatctacyy
aaagartott
gtggtaaaag
gtagattcegt
ctgttgettt
gactcgageo

tttoogotge
caacaacatt
caacttectt
ctaagaaget
agtocagaggt
ctgeogaagy
ctitteaagyt
tgaaaaagga
ataatgetge
aadagrttaca
tegetattgt
gattagggga
guoocagaatlt
ctgcageegt
aagatcaaac
atgtggottt
aattogatat
cogagaacty
catactictc
caccaccitt
coctoacctaa
ccgataggtt
togooaacoa
taggtgtgtt
catctootaa
cteccageagyg
taacagagtc
ttecagtgga
teaggggette
ctatcttttt
acaattttgt
ctygceaaaga
taagtgaagg
atagaactot
tgtacgtcaa

agggtagaat
totttgaaas
gottegttgt
caaageeatt
cecatcettett
asgetaaage
cegatgatga
crtacttatyy
aaggtaasga
acagacaata

79

ggccttgatt
tgattiotty
ggaaaccatc
attggetasa
ttoetaacaay
cgaaaccttyg
tactcaattg
ttgeaacatyg
ggacgaaaaqg
agtibtgbget
toaagaattt
gacctoocaa

gcgy

tatgastgge
gectgeacta
cgeagttett
ggtacaagat
tgatgacggy
thttgotaaa
tatogatota
atcettagec
taacttctac
atacggagta
agttgatgat
tgatgatcaqg
ggatcaactt
attggagtac
cecatacaaac
caaaaaggaa
ttctcacaca
gteogaaght
agtocatget
teetocttge
aaaggtaget
aaagticotyg
acgttoctttyg
cttogecagea
gatgtcteoot
cagaaticac
acctgattge
tecaaaagtt
tettocaagag
ctttggttye
tgagacagga
gtacgttcag
tgeotatett
geatacaatt
aaactiacayg

ggaccecatat
cagagaattg
cttgatgtygg
gattgtceat
cggtactcaa
tagatacygaa
cecaatacgaa
tgatgygtgaa
aagaggtygaa
cgaacactic
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1020
1080
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1200
1260
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1380
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aacaagattg
aaggttggtt
tetttgtgge
actccatata
getgetgaag
ceattcagat
tgttcteatt
gttyggtgtot
ttgteteeag
ggttctteat
getgatttgt
aatccagttyg
gececaatetyg
getaaaccac
tactcoecattt
gtttacgata
aattotgttc
tocaatittta
ggtttggcte
gaattgggtc
gaagatgasat
tetagagaag
atotggaact
getaaggatyg
tccaaagetyg
tggtaa

ctaaggttge
taggtgatga
cagaattgga
ctgetgetgt
ataagtottyg
ctaacgttgt
tggaattcaa
actgtgaaaa
aaacttactt
tgcraceace
tgaactoteoo
aagetgatag
ttateggtte
cattaggtgt
catcctetee
agatgocaac
caatggaaaa
agttgecage
cttttagagg
cateccatttt
tgaacaactt
gtcectaccaa
tgatttotyga
ttecatagaac
aatccatggt

SEQ ID NO:63

aagottaasas
caattggtet
getttogygeg
aaagtgecag
ttoegtoetggg
ttccaagtta
gtgagaaaat
ggtcaataca
caaagactaa
getttaacaa
agtataatgg
tgtegtaace
gggtttatet
teatacagga
agatctcage
ggagaggaaa
atccacacta
tacattgaac
acagcgttaa
cecagtattet
actaacatte
geacatgtee
cgttctgata
gotttoggat
ctaacattag
cetagaaata
agaaaaagat

tgagtaagte
tgggtttgga
catggttaty
ttgttggata
aaggtggote
ggaaattyggy
tgtcacagga
caagaggeat
ctccaaaatt
aagagatgeo
tgagattygat
aggaatggtt
taagagttgt
ctotacttay
aaggggatgg
agceaaatega
ctgegatgac
cattaagaga
acagatttca
tattgacatt
catetggaac
caggtocaac
gtaactacge
acggraagta
ceatttigtt
teactatcega
cacttagaga

SEQ ID NO:64

aagettaaaa
ttegttgtta
ttgectatte
caagagggat
atcgtgateog
ttaaacttta

tggaagatoe
gatggtacag
tatettacat
atgatggeta
caaatggtec
tggacggatt

cgacgaatia
cgatcaatge
tatgttgtty
cttggaatac
gattaacgot
cgtcagaaaa
catttooggt
cttgactgaa
ctetatetac
atttoccatca
aaaaaagtet
attgagatac
ccaaaagtet
trtttttget
aagaatgget
tggtagaatt
gtoccatgaa
cgaatocaag
ttttttacaa
gttttteggt
cgttgaaace
agaatacgto
aggtgettac
cttgecatace
caagaacttg

taatagtatg
cogtatgeca
ttettatgtyg
caggtotgta
tatcataggb
aactgatatt
caagactaga
ggttttotty
ggtttoctty
tgatatgaaa
ttocaggate
gactactaca
acvctecatate
aaacgtttca
taacgaagat
taacattygot
catgacacat
tgaagttaaa
taagttggac
caatagaato
acgtattget
cecacctact
acaaaagtac
tgcttgteca
getacaattt
ttetgataty
tygaatgacoy

tactgtotta
agatocattg
cggogeacta
cagaggatot
taaactagetl
aggageatte

ttggaagetc
ateogaagaty
agagatgaag
agagttgtot
aatggtcatyg
gaattgcata
teegetttyga
actgttgatg
accgataacy
tgtactttga
goetttgbtog
ttggetteto
ttgttggaay
getgttgete
ceatotagaa
cataagggtyg
tgttettgoy
gttocaatta
gaaagattyg
tgcagaaaca
gotgetttgt
caacataaga
ttgtacgtit
atcatgcaag
caaatgaatyg

aattctacat
ttgatggatyg
atacatgttt
ttogaaccta
caagggtaca
gtcattatac
tcagttgaac
caatotgact
accaaggtoa
aatgacgaat
tocgeeagag
geagaatatt
ttaagaceat
agtggtagas
atactttcet
cagagaatgt
gecatgtacy
totgttgttyg
tocttoctas
taccatcaat
gttocatecac
gaatlttgatyg
ctattcteea
ggtagatttt
gagticaaac
attccagacce
cgg

tatgettgte
agatcoatoc
agatggacaa
acattcaaaa
gatgaagtoa
gtocaaacta

aaggtggtaa
atttttetge
atgatgetac
tteatgatte
ctgttcatga
cttotgoote
attacgaaac
aagccttgaa
aagatggtac
gaactgettt
ctittagetge
cagetggtaa
ttatggetga
caagattgea
tecatgttac
tttgttetac
cteccaatttt
teatggttgg
cetbtgaaaga
gaagaatgga
cegaattggt
tggctgaaaa
gtggtgatge
aacaaggtic
gtagatactt

cacacgaaac
ttcactggtt
tatcatettce
catggttget
ataagtttaa
cacctaacta
ctttecattaa
tacaaaaccy
tgaagyaags
gggtagaagt
tetttetagg
cagaatcact
tcatcogecco
gagtcatogy
ggatgagaga
taattettic
atctatgtge
gggcttetgg
aagagtcaca
atatgacett
acgeaatgtt
gattcagata
tgacogatte
acgogtotaa
taccagatyy
caagagebay

ttgeocattge
caacagttygyg
gacgtyggcay
togogatgtt
gacgtagane
agtacaccett
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tagattggtt
ttggagagaa
tactgttact
tgetgatgtt
tgeteaacat
tgatagatcce
tggtgateat
ctitgttgggt
tecattgggt
gaccagatac
teatgottet
agatgaatat
attccecatet
acctagattc
ttgtgottty
ctggatyaay
cgttagacas
tecaggtact
atccggtgtt
ttacatctac
tattgebttt
ggettotgat
taaaggtatyg
tttggattet
aagagatgtt

cctttttcaa
gatctacgtt
ctotacagta
tagacttaga
agactctatt
tattgatgaa
tgattitygea
tgttatacaa
gttggattat
agatatcagt
geoctgaacac
ttteattaca
tetattaccet
tgacatcata
tgectgeeaca
tttageatca
ttgecctgag
chgggacaay
aagattcasac
atcagatgge
goaagattot
tagtaagata
ttcaaacatyg
tgagatgaaa
taaaggtogt
actttgegte

agttgeaact
tggttocgat
agagatactt
agaccgtitgy
agatgaagayg
aggtgaaget
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attcataacy
geogtgotto
gaagygtgaty
gettctaata
geaatagact
ttgttgaage
gttecettttg
gactggtctyg
gatagttecag
acctecatcaa
caaccactta
atgggaaaaa
aacatogtat
ttgeccaaaag
tacgetgatg
gaaggtacaa
aageatgett
attgttotas
tggggtecaa
agtctataac

atcocatacea
ctgatgteat
aatgggtyte
gagtotitgt
trtacattgto
caatagtigg
ttgetocatt
asaaacctaa
tgaaggeaat
acactatcac
gagaagagat
tgtggtggtt
ctittasctayg
gtactectagt
cettagtatt
agecaccagtt
gtocaggaay
actatgatgt
cagttttgec
cgegy

SEQ ID NO:65

atggctacct
getttgtott
caagetaast
caattgaaag
atctactcta
aaagaageta
asdaattttyga
atgatcaaga
tetaacagay
tetocaagag
ttgaaacaaqg
actttgteea
gaagttgatt
actaagatecc
caaaagaaasa
gaaggtaaga
actgctgata
asgaagacaag
gaagaatact
cattetecag
tattacatto
caccaatgyg
ceaatggact
ttacaagcta
aagtitgagag
tatocaatge

tgttggaaca
ggttghttott
tgocaccagt
agaagaagec
ttagaactgg
tygttaccag
cogetgataa
gatatatctt
ataccttgag
aagetgtcaa
cotteggtaa
gagatgaaat
gygagagatte
aaagattata
gaattgecte
cettgaccat
ceacaatggt
acagattata
tgteccaatt
ctgetttggt
cagooggtac
aatctocaga
tgtacaaaac
tgttgattge
atggtgaaga
atgeotatttt

SEQ ID NO:66

atggoagaat
guatacttta
getgeaggty
tecaggtaaaa
teaagactty
gaagattaty
ttggetactt
actggogaag
gttgegttey
aacaaggete
ggagetyggaa
getaaaaaga
gagagagaty

tagatacact
ctaagggtaa
gtgettocaa
actgbtgtigt
caaaggaagg
acttogatasa
acggtgaagg
atgectettt
gtctgggeaa
tagaaaagtt
ctatggaaga
tgggettgga
atttgaccco

tgtogatate
tgaagagtty
cgtasactgt
aggtttgeot
tgttgtecaag
cagagttgta
ggtggaggaa
tgatatgtta
cgcagagaga
teatgettig
cgaaceatta
agattoatit
aatggotgac
ggcegttcoea
cgatococttte
cgttaatact
attottoegoo
asagttygeet
tgcaccagea

ttttcaaget
gttotacato
tecagttgtt
ataccasace
tgottetact
atacttgbob
gtgeatggtt
gtetaacght
agceaacgtt
ctttagaaga
ggatatigaa
cttecaaggtt
tttoecatac
ctittagaaga
cyggtgaagaa
ggaccaaatbo
tactactgas
ccaagaaatc
gecatactig
tecattgaga
tgaaattgec
agaatggaaqg
tatggetttt
ttgtcraacce
agasaacgtt
gaagecaaga

tgatatagta
attgtggggt
gootgyoaga
tttetacgge
aaagtccaga
cttagacact
cgaaccaaca
caatgaggye
caatacctac
aggageteat
ggactititta
gygaaagagaa
tgaagogaat

ataagagaaa
acacttgegg
teaaagycoyg
gettgoagas
gatagagcoea
ggtaacgcoa
agacgtagac
cagtggataa
ttgttaatyg
taccacctty
gtcaaagagg
ctaagagaal
aaagatatta
gegtattcta
agattctcac
tecagtecgagt
graaacgaat
gutygacygta
gyccaagtat

atgeocatteg
aaggttitctt
cecaggtttye
ttoactagat
atggttgtot
atctctacca
goocatttoty
ttgggtecat
tgttotagat
gtttteogaat
aagecaatet
ttggtettgy
ttgegttgya
aaggcegtta
atcaactget
tetatgttgt
tgggctatgt
caaaaggtoet
aatgotgttt
tatgcteaty
attaacatet
ccagaaagat
ggtgetyggta
atoggtagat
gatactghty
tettaa

grtattaggty
gttaccaagg
actagaaaca
agtcaaacag
ttoggtttga
gttecatoetyg
gataacgcog
aacgatocte
gaacactaca
agaattggaq
gottggaaay
gotgtataty
gaggtatact

aactascaag
ttagacagta
caagagatat
accaaggtta
teatcaatat
coagaaatgt
ttatggaaga
tggatgaago
tgaacttcge
cecgaaatgec
agggectggac
ctcaaagata
cattgagtya
ctocatagaga
gtatgagage
acgttecatt
tgaaagoaal
aacgtocatt
tgtteagaaa

ctattccaat
tottetecaa
cagttatigy
gggctgaaga
tgaacactac
gaaagttgtc
attacaacga
ctgoocasas
tgeattocea
gggaattatt
acgtogaaga
acattatgga
tteccaaacac
tgaccgectt
avatcgattt
tgtgggaaac
acgaagtige
goggttotga
tecacgaaac
aagatactca
acggttgcaa
ttttggateo
aaagagtttg
tggtteaaga
gtttgaccac

ttatcotttos
atoccatacyge
tegtegaage
gtacagegga
acactatgat
ataacatogt
tggatttota
cactaggtaa
acteaatggt
aageaggtga
atocaatyty
aacctatttt
tgggagaace
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aggectteoea
cattccaaca
tgttgetaga
cttagatttg
gtttocagaa
tegtagaget
gtacggtygaa
tgcatccaga
ggctatteat
tgaaacttty
caaggectget
caatggoatl
tggeacattt
tgatgetgte
gagagaagyt
tggtecacgyga
gttggettac
gaacatgtat
gagacaagtt

tgotitgget
caaatcogol
taatttgtty
atatggtcea
teaagttgee
caacgeotty
tttecacaay
aagacataga
agttaagaac
cggtatogot
attgggtact
aggtgeccoatt
cagaatggaa
gattaacgaa
cttgttgaaa
cgttattgaa
taaggattet
aatggttaca
tttgagaaas
attgggtggt
catggacaaa
taagtttgac
cygctggtbtet
atttgaatyg
ccataagaga

gggtactgty
taacggatito
tatgyaggaa
ggattacgea
cgocegateta
tatgtttgta
tgagtteatt
cttgaattac
caggaacgtt
gggtgacgac
ggaageotty
cgetateaat
taataageta

PCT/EP2015/070620

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1515

60
120
180
240
300
360
420
480
540
600
660
720
780
§40
200
960

1020
1080
1140
1200
1260
1320
1380
1440
1560
1536



WO 2016/038095

cacttggaag
geagaatcat
atttetggta
ccagytygaag
gtegtaacaqg
racgatgceta
teaactitay
tcagacaaay
ttggccteag
ggecottacas
aaaaagatta
tteagaggty
aatccagete
atacatgttc
coetattatea
agggeaaaac
agaaagagta
ggogacaaat
caacacagac
ttetacgttt
atcatageay
agatcagoaa
acatacygoega

gtacagcgaa
acgaactttt
gtaatctaaa
aggtcaacaa
tgaaagecett
tattgagata
cageattoge
attacttoea
tototaaagy
aactacaacc
gtattactge
tagegactaa
cttttggeca
cagtccatgt
tgateggtoo
aagecagaga
cagaagattt
tegaaatgat
tgaaggaaag
geggagacge
aaggeecgtgyg
atcaatacca
attcagaatt

SEQ ID NO:67

atggccegaat
guttacttoa
gotgetggtyg
tetggtaaga
tocagattgy
gaagattacy
ttggotacet
acceggtgaay
gttgottitg
aacaaggott
ggtgotggta
gotaaaaaga
gaaagagatyg
cacttggaay
gecgaatett
atctotggtt
cecaggtygaay
gtitgttactyg
tacgatgeea
tetacttigg
tecgataagg
thggeotaty
ggtttgacta
aagaagatct
tttagaggty
aatcotgetbe
attecatgtto
cecaattatea
agagetaage
agaaagtcea
ggtgacaagt
caacacagat
ttttacgtrt
attatogoty
agatcogeea
acctacgeta

tggatacett
ceaaagylas
gtgettoetaa
actgtgttgt
ctaaagaagy
atttogataa
acggtgaagy
atgottettt
gtttgggtaa
tggaaaaatt
ctatggaaga
tgggtttgga
atttgaccee
gtactgotaa
acgaattatt
ctaattigaa
aagttaacaa
ttaaggectt
ttttgagata
ctgettttge
attacttcea
tetotaaagyg
agttgeaace
ctattacoge
ttgotaceaa
catttggtoa
cagtteacgt
tgattggtoo
aagctagaga
ctgaagattt
togaaatgat
tgaaagaaaqg
gtggtgatge
aaggtagagg
atcaatacca
attocgaatt

SEQ ID NO:68

aggteocatte
ctcagetaag
gtatgaaaca
atttettgac
agaacctaca
coatoetyggaa
coctaatgat
cgaaaagaca
tgaaaaatgy
aagatactat
tgttgtogaa
ctacttgtte
atcatacgay
aagacattot
aggtaceggt
tygtgtagaa
catgtatoaa
tacagetitt
atoaasggaa
cycacataty
tgtatcagaa
agtgtgtict
graagaggat

ggatatogtt
attgtggggt
accaggtaga
tttetacggt
taagagtayga
cttggatace
tgaacctact
caacgaaggt
caacacctac
gggtgctcat
agatttittyg
agaaagagaa
tgaagcecaat
aggtccattc
ctetgetaag
gtacgaaace
gttettggac
ggaacctaca
ceatttggaa
toecaaacygat
cgaaaaaact
tgaaaagtygy
tagatattac
cgttgttgaa
ttacttgtte
atcttatgaa
tagacactet
aggtactggt
tggtgttgaa
catgtaccaa
tactgoottc
atccaaagaa
tgoteataty
tgtatctgaa
agtttgetet
geaagaagat

aactcccaca
gatagaaatt
ggogaccata
attetagatc
goecaaagtic
atatgegete
gatatcaaag
ggaccacatt
acaaagatac
tetatetett
teteageaaa
gotttgaage
ttgacaggac
aactttaage
gttgeecctt
gttggtaaaa
aaagagtgge
toaagagaay
gtttoctgate
geangtgaag
gecaagggtyg
gatttogtaa
gtcectggagtt

gttttgggty
gttactaagy
actagaaata
toteaaactyg
tteggtttya
gtceocatctg
gataatgoty
aatgatocac
gaacattaca
agaattggtyg
gettggaaayg
getgtetacy
gaagtttatt
aattctcaca
gatagaaact
gytgatcata
atcttggact
gotaaagtice
atttgegete
gatattaagy
ggtccacact
actaagattc
tocatotoct
toccaacaaa
goecttgaaac
ttgactggte
aactttaagt
gttgetoecat
gttggtaaaa
aaagaatgge
tcaagagaag
gtetecgatt
gocagagaag
gctaagggtyg
gattttgtta
gtttggtcot

acccatatat
gtotgoatat
togogatoty
tgtetggtaa
cttttccaaa
cagtttetayg
ctgagatygaa
actacaatat
cattttotge
cotetagttt
ttecaggtag
agaaacaaaa
caaggaataa
taccatobga
ttagaggett
cactgoetgtt
aagaghacas
gatotaaasa
ttetatceca
tgaacactgt
aggaaattgh
ctttacactyg
aa

ttatcttett
atocatacge
togttgaage
gtactgetga
acaccatgat
ataacatogt
ttgacttota
cattgggtaa
actecatgygt
aagetggtga
acccaatyty
aacctatttt
tgggtgaacc
acceatatat
gettgoacat
ttgocattty
tgteoggtaa
ctttteccaaa
cagtetotag
ctgaaatgas
actacaacat
cattoetacge
ceteatottt
ttocaggtayg
aaaagcaaaa
caagaaacaa
tgecatetya
teagaggtit
cottgttgtt
aagaatacaa
ghttoctaagaa
tgttgtotes
trtaatactgt
aagaaatogt
coettgeacty
aa
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cgcaccaatt
ggaaatitgat
gectaccaac
geaacattoo
tecaactacce
acagtttgte
cegtttggga
cgectagattt
ttteatagaa
agtiteagecot
agatgacooa
cggtgatoca
gtatgatggt
tecaggeaaa
cgtecaagag
ctitgygatgt
ggaagctett
ggtttatgtt
aaaagcatac
gttageacaqg
caaaaacaty
taaagagacsa

gggtactgtt
taatggtttt
catggaagaa
agattatget
tgecgatttyg
tatgtttygtt
cgaatteatt
cttgaattac
tagaaacgtc
aggtgatgat
guaageottyg
cgeocattaac
tascaagtty
tgotocaate
ggaaattygac
gecaactaat
acaacattet
tecaactace
acaattogtt
cagatbgoggt
tgctagattt
ttteattgaa
ggttecaacct
agatgatect
cggtgateoa
gtacgatyggt
tecaggtaay
tgttcaagaa
ctteggttgt
agaagcotta
ggtttacgte
aaaggectac
tttggeecaa
tasgaacaty
tagagaaace
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MEASYLYISI
KYGPILQLOL
WENLRRVASI
ISGKRYFDSG
KERDDFEQGL
SDTSAGTMEW
YPAGPLLEFPH
RDGFKLMEFG
VPLVAKCKPR

LLLLASYLET
GYRRVLVISES
EILSVHRLNE
DRELEEEGKR
TEQVRKIRGA
AMBLLVNHPH
ESSADCVISG
SGRRGCPGEG
SEMTNLLSEL

SEQIDNO:68

MQOSESVEAST
VECFVVLVWK
ALFEEAKARY
KWETEGDEKG
SIEDDFSAWK
HAVHDAQHPC
EEAGKLLGLS
LALARHASDP
APRLOPRYYS
WAPIFVRTEN
NRKVDYIYEN
VCGDAKGMAK

IDLMTAVLKD
RESGKEBGKE
EKAAFRVIDL
VHLOKLQYGV
ELVHEPELDLL
RENVAVKKEL
TDTYFSLHID
TEADRLRFLA
ISSSPKMEPN
FRLPIDPKVP
ELNNFVENGA
DVHRTLHTIV

SEQIDNO:70

MASTITHFLOD
GNLLOLKEKK
SKALELLTSN
HTENSPLOAV
GAIEVDWRDF
LLSEAKTLTE
KITEEHLSKL
MDENCQWETPE
FEWRLKDGEV

FQATPFATAF
PYRTFLRWAE
KSMVATSDYN
NEFRKIFESEL
FPYLKWIPNK
KQISILAWET
PYLSAVFHET
EWKPERFLDE
ENVDTLGLTT

SEQID NO:71

MASMISLLLG
KPHETEFTKHWS
NEKSMVATSDY
VNFRAIFEHE
FFPYLEWIPN
MEQIAILVWE
LPYVNGVEFHE
EEWWPERFLE
EENVDTYGLT

FVVSSFLFIF
ELYGPIYSIK
DDFHKFVKRC
LEGVALKQAF
NSFEARIQOK
TIIETADTTL
TLRKYSPAPL
DRYESSDLHK
SQKLYPLMAT

SEQIDNO:72

MDMMGIEAVP
KERKKPHRTFEAR
LTFDKCMVAT
LEPVVLKKIF
WRDFEPYLSW
TLTEKQIAML
LEKLPYLNSV
ENPEEWKPER
GEEEENVDTV

FATAVVLGGI
RWAETYGPIF
SDYNDFHEMY
ESEIFGLALK
IPNESMEMKI
IWETIIEISD
FHETLRKYSP
FLDEKYDLMD
ALTSQKLHPM

SEQID NO:73

TOLRRKSANL
PSAAEECFTN
FHDIRVDENR
FREILDETLL
KVGKGRETMI
VLKKAQAEID
YNIPRGTMLI
LATRLLGMTL

TVIDTANASD
LEPPKIVVPK
DDYAADLDEY
FGLGNRQYEH
LRDEDDKAAA
HTPESDRSCT
NEDGSPLGGP
SREGKDEYAE
RIHVTCALVY
VIMIGPGTGL
LSELDVAFSH
QEQGSLDSESK

AVGGEVSLLIF
IHGPIYSIRT
EFHEMVKKYT
FGLAMKQALG
SFEMKIQRIA
IIETADTTVV
LEKYSPSPLY
KYDPMDMYKT
HKLYPMQATL

FLEKLLFFFS
MGSSSLIVLN
LLNGLLGANA
GEDVESTIYVK
HEKRRLAVMNA
VITEWAMYEL
VPIRYAHEDT
TMAFGAGKRV
INPRRS

SLVVLIFIRR
SIRTGASTMI
KGFILRNVLG
ORLGKDIEST
ORMDFRRGAL
TTLVTSEWAM
APMVEVRYAH
LHKTMAFGGG
QATIKARE

PPIVFPEIPI
NDVIFANRPK
LLIRKLRSSS
LAGASNVGDY
ELLLSLQESE
RVIGNNRLID
VNQWATHHDP
GSVIQUFDWE

NGDEKMPPAL
RRLEQEVDDG
AEKLKKETYA
FNEKIGIVVDD
TPYTAAIPEY
HLEFDISHTG
SLOQPPFPPCT
WVVANQRSLL
EKTPAGRIHK
APFRGFLOER
DGPTKEYVQH
AELYVENLOM

FEFIRGFHST
GASTMVVVNS
LAELLGANAQ
YDVDSLEVEE
SRROAVMNSI
TTEWAMYELA
PLRYAHEDTQ
MEFGSGKRVC
QPRN

RHKMSEVSRL
SIETAKEAMV
QERKHEHYRDA
ELGVILSRDE
LIQDRLNQOND
AKHQBVQDRL
QIGGYHIPAG
CAGALQASLM

FVSNRKRSVE
VLNSSEVAKE
APAQKRHRCH
YVEELGTTLS
MEALIGEQKK
YELAKDPNRD
EDTQLGGYRT
KRVCAGALQA

IGHLYLLKKP
TLFGRIVGET
SPVILITVEY
LPILNWLGVK
PEYYTDAMIR
ESDIGNIPYI
KVWDDPETFK
RVGDEMVDMT

AMMFEIRDLL
KKEVTIFFGT
FEFLATYGDG
GLTEQGAKRI
RVVFHDKPDA
LEYETGDHVG
LEKALTNYAD
EVMEAFPEAR
GICSTWMENA
LALKESGTEL
KMTQKASEIW
SGRYLRDVW

KENEYYKLPP
THVAKEAMVT
KRHRIHRDTL
LGTTLSREET
VEEQKKSIAS
KNPKQUDRLY
LEGYYVPAGT
AGBLOASLIA

PSVPVPGFPL
SRFSSISTRK
LIENVTSKLH
IFKVLVHDMM
SESDDDCYLN
FKEIQSVCGE
SEIAINIYGC
AGTIAIGRLVY

GLPPVEDIPG
AMVTRFSSIS
RDTLIENISK
REETFAVLVV
RIGSGEEKNS
EILYREIHKV
PAGBQIAINI
MLIACTSIGR
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LYRTLAKIAA
SLGBLSYGDY
ALTLNVIMRM
SLEKKLIALQ
SFVLGLLAAG
GCIINETLRL
PERFQGLEGT
EGLGVTLPKA

LILTTSVAVL
QIGTAEGFAK
EPTDNAAKEY
VEVGLGDDDY
FSDDHTQTNG
VYCENLIEVY
LLSSPKKSTL
PPLGVFFAAV
VPLTESQDCS
GSSILFEFGCR
NMLSEGAYLY

VPVVPGLEVV
REFSSISTRKL
IENVLNKLHA
YNVLVEDMLK
GEGENCYLNY
NEIQNVCGETD
EIAVNIYGCHN
CTSIGRLVQE

IGNLLQLKEK
LENALTVLTC
AHTRNHPQEP
EGATDVDWRD
FLMSEAKTLT
EKIKEEQLPR
NMDKERWERP
EFEWKLRDGE

LPLIGNLLOL
TRELSNALKI
YLHAHVKTSP
DPMAGALEVD
YIDFLLSEAT
CGSNKLTEEN
YGONMNEKRQW
FVQEFEWKLM
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MAELDTLDIV
SGENCVVEYG
LATYGEGEPT
NEKALEKLGAH
ERDDLTPEAN
ISGENLKYET
YDATLRYHLE
LASVSKGEKW
FRGVATNYLF
PIIMIGPGTG
GDEFEMITAF
IIAEGRGVSE

VLGVIFLGTV
SQTGTAEDYA
DNAVDEYEFT
RIGEAGEGDD
EVYLGEPNKL
GDHIAIWPTN
ICAPVSRQFV
TKIPFSAFIE
ALKQKQNGDP
VAPFRGEVQE
SREGSKKVYV
AKGEEIVENM

SEQ ID NO:74

MKVEPFEFMS
RRAGERKVEN
KATFRVVDLD
WLONLHYAVE
SLWPELDMLL
PERSNVVVREK
LEPETYFSIY
NPVEADRLRY
YSISSSPRMA
SNEKLPAESK
EDELNNFVET
ARDVHRTLHT

AIIKGRMDES
VELPKPLIVH
DYAADDDQYE
GLGNRQYEHF
RDEDDATIVT
ELHTSASDRS
TONEDGTPLG
LASPAGKDEY
PSRIHVTCAL
VBIIMVGPGT
GALSELVIAF
IMQEQGSLDS

SEQ ID NO:75

MATLLEHFQA
QLEEKKPYQT
KILTADKCMY
SPREAVNFRR
EVDWRDFFPY
EGKTLIMDOI
EEYLSQLPYL
HOWESPEEWK
KLRDGEEENV

MPFAIPIALA
FTRWAEEYGP
AISDYNDFHEK
VFEWELFGIA
LEWIPNTRME
SMLIWETVIE
NAVFHETLRK
PERFLDPKFD
DTVGLTTHER

SEQ ID NO:76

MOSDSVKVSP
IGCLVFLMWR
ALVEEAKVRY
EWEFTEGDDKG
CIEDDFTAWK
GHVVHDAQHP
VDEALKLLGL
LLALAAHABD
VAPRLOPRYY
SQASTIFVRIS
RNRKVDFIYE
YVCGDAKGMA

FDLVSAAMNG
RESSKKLVQD
EXTSFRVIDL
EWLEELQYGV
ELVWPELDQL
SRSNVAFKKE
SPDTYFSVHA
PSEADRLKFL
SISSSPRMSP
NFRLPVDPRV
DELNNEVETG
KDVHRTLHTI

SEQ ID NO:77

MEKSNEMNST
VVGYRSVFEP
LSQDKTRSVE
KEMPDMENDE
LRVVPHILRP
KQIDNTIAQRM
NREHKLDSFL

SHETLEQQOLV
TALLRLRFVH
PFINDFAGQY
WVEVDISSIM
FIAPLLPSYR
LILSLASIHT
KESQRFNPVE

AYFTRGKLWG
SRLAKEGKSR
TGEDASFNEG
GAGTMEEDFL
HLEGTAKGPF
PGEEVNKFLD
STLAAFAPND
GLTKLQPRYY
NPAPFGQSYE
RAKQARDGVE
QHRLKERSKE
RBANQYQVCS

NSSFESTGEV
EPEPEVEDGK
EKLENESFAV
NEKIAKVADEL
TPYTAAVLEY
CSHLEFNISG
GESLPPPFPS
AQSVIGSQKS
VYDKMPTGRI
GLAPFRGFLQ
SREGPTKEYV
SKAESMVEKNL

ALSWLFLFYI
IYSIRTGAST
MIKRYILSNV
LEQAFGKDIE
TKIQRLYFRR
TADTTMVTTE
HEPARLVPLR
PMDLYKTMAF
YPMHATLEPR

KAMEKLNASE
PVEQVIVVKK
DDYAADDDEY
FGLGNRQYEH
LRDEDDTSVT
LHTSQSDREC
DEEDGTPIGG
ASPAGKDEYAR
NREIHVTCALV
PVIMIGPGTG
ALSELIVAFS
VOEQGSLDSS

LGLDEMPLMD
EGGSIIGOGBY
TRGMVFLQSD
VRLISRIBAR
TLLENVSSGR
TAMTMTHAMY
LLTFNRIYHQ

VTKDPYANGF
FGLNTMIADL
NDPPLGNLNY
AWKDPMWEAL
NSHNPYIAPT
ILDLSGKQHS
DIKAEMNRLG
SISSSBLVOP
LTGPRNKYDG
VGETLLFFGC
VSDLLSQKAY
DFVTLHCKET

ASVIFENREL
KEVBIFFGTQ
FLLATYGDGE
LEAQGGNRLV
RVVFHDSADV
SALNYETGDH
CTLRTALTRY
LLEVMAEFPS
HEGVCSTWMK
ERLALKESGV
QHEMAEKASD
QOMNGRYLRDV

KV3FFSNKSA
MYVLNTTQVA
LGPSAQKRHR
KPIYVEELGT
KAVMTALINE
WAMYEVAKDS
YAHEDTQLGG
GAGKRVCAGS
5

SEDPTTLPAL
KEKESEVDDG
EEKLEKESLA
FNEKIAIVVDD
TPYTAAVLEY
THLEFDISHT
ASLPPPFPPC
QWIVANQRSL
YETTPAGRIH
LAPFRGFLQE
REGTAKEYVQ
KAELYVENLQ

VHWLIYVAFG
NKFEDSIFQV
LONRVIQORL
VELGPEHCRN
RVIGDIIREQ
DLCACPEYIE
SMTLSDGTNI

AAGGASKPGR
EDYDFDNLDT
VAFGLGNNTY
AKKMGLEERE
AESYELFSAK
VVIVKALEPT
SDEDYFHEKT
KKISITAVVE
IHVPVHVRHS
RESTEDFMYQ
FYVCGDAARM
TYANSELQED

VAILTTSIAV
TGTAEGFRAKA
PTDNAARFYK
KVGLGDDDQC
AAEDKSWINA
VGVYCENLTE
ADLLNSPKKS
AKPPLGVFFA
NSVPMEKSHE
ELGPSILFFG
IWNLISEGAY
W

QAELEPPVEVV
KEAMVTRYLS
SNRDTLRANY
TLERDEIFKV
QEKRIASGEE
KRQDRLYQETL
YYIPAGTEIA
LOAMLIACPT

KMLVENRELL
KKEVSIFYGT
FEFLATYGDG
KLTEMGAKRL
RVVYHDKPAD
GLSYETGDHV
TLRDALTRYA
LEVMQSFPSA
RGLCSTWMKN
RLALKESGTE
HEMSQKASDI
MSGRYLRDVW

AWLCSYVIHV
RELGTDIVII
TPELVSLTIRV
QEWLTTTAEY
QGDGNEDILS
PLRDEVKSVV
PSGTRIAVPS

84

TRNIVEAMEE
VESDNIVMEY
EHYNSMVRNV
AVYEPIFAIN
DRNCLHMEID
AKVEPFPNPTT
GPHYYNIARF
SQOIPGRDDP
NFRLPSDPGK
KEWQEYKEAL
AREVNTVLAQ
VHS

MIGCEVVLMW
LADEAKARYE
WEAEGKERGE
IEDDFSAWRE
NGHAVHDAQH
TVDEALNLLG
ALLALAAHAS
AVAPRLOPRF
CSWAPIFVRQ
CRNRRMDYIY
LYVCGDAKGM

PGLPVIGNLL
ISTRELENAL
CSRLHSQVEN
LVLDIMEGAI
INCYIDFLLK
QEVCGSEMVT
INTYGCNMDK
IGRLVQEFEW

TLETTSFAVL
QTGTAEGFAK
EPTDNAANFY
VPVGELEDDDQ
SYREDQTHTHN
GVYSENLSEV
DVLSSPKEVA
KPPLGVEFFAA
AVPLTESPDC
LGSSIFFFGC
WELLSEGAYL

LSSS8TVEVE
PPNYIDEVRK
MKEELDYALT
SESLFITGFI
WMRDAATGEE
GASGWDKTAL
HAMLODSAHV
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PGPTPPTEFD
ATLLLOFEFK

GFRYSKIRSD
LPDGKGRPRN

SEQ ID NO:78

MEDPTVLYAC
YDGYRGETFK
DPYHVDIIRE
RVFVGLPACR
VAPLVEERRR
NTITHALYHL
SLTRMADKDI
KHQFVNTSVE
TVLPAPAGQV

LATAVATEVY
IAMLDRWIVI
KLTRGLPAVL
NQGYLDLAID
LMEEYGEDWS
AEMPETLQPL
TLESDGTFLPK
YVPFGHGKHA
LERERQVSL

SEQ ID NO:79

MDAVTGLLTV
NLLOQLEKEKKP
KALEVLTADK
VENNPEQEEV
GAIDVDWRDF
LLSEAQTLTD
KITEEHLSOL
MDENVWENPE
EWKLKDMTQE

PATAITIGGT
YMTETRWAAT
TMVAMSDYDD
DLRKIFQSEL
FPYLEWVPNK
QQLIMSLWEP
PYITAIFHET
EWNPERFMKE
EVNTIGLTTOD

SEQ ID NO:80

atggaagtaa
agatgggeat
ttgaggygayc
aactctatec
atagcaccte
tttaattoggg
gtottaacaa
getacaggta
ceaacattee
gagatggtea
gtctggectt
agctacaaaa
asaggettto
aggatgaaty
gageaaatos
toazactiga
gaagatgtaa
ttgetggett
caagaggttt
aaagtcegtaa
attogaacea
gtcogettac
cagttcaatce
ttettoceoet
geaaaghttogy
geacatgctc
catecgacgtt

cagtagotay
ggagtgtggt
aaggcottaa
tgctcaaaca
aagtcaccec
ttggoococcat
aaaatgttga
ttgcaatcta
attcggagag
aggaatggga
ttocttgaaaa
aaggacagaa
aaagttitia
agattaacga
ttaaggragyg
aggacatteg
tteaggagty
ggacaatggt
tgocaagtott
ceatgatttt
ttcacaagaa
caacactget
cagagaggL
teggagoogy
cottagoatt
cttececateg

ag

SEQ D NO:81

atggaagtoa
agatgggotbt
ttgagagage
aattctattt
attgetecac

ctgtegecto
gytcegbtgt
aaggtttgaa
tgttgaagea
aagttacteo

SNYAQKYLFS
ITIDSDMIPD

RWYRDPLRSY
ANGPRLADEY
PDVIEELTLA
FTLSVVEDRA
EXPNDMLOWI
REETIEPLVKE
GTLVAVPAYS
CPGRFFAANE

AVALAVALIF
YGPIYSIKTG
YHKTVEKRHIL
FGLAMRQALG
KFENTIQOMY
IIESSDTTMY
LRRHSPVPII
NETIDFQKTM
MLRPLRATIK

tagtgtagee
gaattggglty
aggeaattec
agcaagatec
ttttgtogac
accaagyggty
ctttgttaag
tgaaggtoag
gectaaagegt
gagcttggty
tatgtoggea
aatotbtogaa
cattccagga
agaaataaaa
tgaagaaacc
ggaacatggy
taagetgttt
tttacttggt
tggaagoage
gottygaagtt
aacacaactt
cattcaccat
ttocggaagga
teccacgeatt
gatcttgoaa
tataaccctt

ttoctgteget
caactgggtt
ggutaattoet
agoeagatoo
attegtogat

MTDSSNMAFG
PRARLCVRER

PIVGGSDLPT
RREPDEELNF
VROQYIPTEGD
IINMEPELLK
MDEAASRDES
EGWTKAAMGK
THRDDAVYAD
LEAMLAYIVL

WYLKSYTBAR
ATSMVVVESN
TAVLGPNAQK
KDVESLYVED
IRREAVMKEL
TTEWAMYELA
PLRHVHEDTV
AFGGGKRVCA
PRI

ctgageotyg
tggtttaage
tacaggtttt
aaacccatga
caaaceygtga
aacataatga
craatatcas
aaatggacta
atgttacctt
tcaaaagagy
gatgtgator
ctettgagag
tggaggtite
ggattaatca
aacgatgact
aaaaacaaca
tactttgctg
caaaatoaga
aagoccagatt
cttogattat
gggaagotet
gacaaggasac
gtttocasag
tgecattyggac
cactteacect
caaccacagt

ttatccttag
tggtteaaac
tatagattct
aaaccaatga
caaactghtta

YGEKYACPGRE
SLRDE

LEYIGALRWT
MDGLGAEVQT
EWVSVNCEKA
PIVGRVVENA
VEAIAERLLM
MWWLDSFLRE
ALVFDPFRFS
NYDVELPGDG

REQENHLPRV
EIAKEALVIR
KHRIHRDIMM
LEKITMNRDEI
IKEHKKRIAS
ENPKLQDRLY
LGGYHVPAGT
GELOALLTAS

tetttattag
cgaagaaget
tatatggaga
acctetecac
aagcttacgg
atccagaaga
acccacttat
aacacagaag
catttecacea
gttecatcaty
cgagaacage
agoaagtaat
teoccaactas
goggtattat
tattaggtge
aaaatgttgg
ggcaagaaac
actggecaaga
ttgatggtet
acccaccagt
cactacecaga
tgtggggtga
caacaaagaa
agaactitio
ttgagettte
atggtgttoy

totteattto
caaagaagtt
tgtacggtga
acttgtotac
aageetacygy

85

YASNEMKLTL

RRGREILOEG
KYTLGEATHN
ARDIVARASN
TRNVRRAVFFE
VNFAAIHTSS
SORYNGINIV
RMRAREGEGT
KRPLNMYWGP

PEVPGVPLLG
FQSISTRNLS
DNISTQLHEE
FQVLVVDPMM
GEKLNSYIDY
RDIKSVCGSE
ELAVNIYGCHN
IGIGRMVQEF

catagtagta
ggaaagatit
catygaaggag
crtoeccatgac
taagaactot
tttgaaggac
caagtigeta
gattatcaac
aagttgtaat
tgagttggat
atttggaact
atatgtaacy
gatgaacaay
aattgacaga
acttatgygag
gatgagtatt
cacttcagty
tegageaaga
agcboacctt
cattgaactt
aggagttygas
tgatgeaaac
cogactetea
tatgatggaa
tecateteat
tatcattita

cattygtogte
ggaaagattc
catgaaggaa
ctcteatgat
taagaactet

PCT/EP2015/070620

480
525

60
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180
240
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360
420
480
499

60
120
180
240
300
360
420
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60
120
180
240
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380
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120
180
240
300
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ttcaattggy
gtecttgacca
getactggta
cotacetton
gaaatggtta
gtttggceccat
tectacasga
aagggtttee
cgtatgaacy
gaacaaatta
tocaactiga
gaagatgtta
ttgttageot
caagaagttt
aaggttgtta
atcagaacca
gtoagattac
caatttaate
ttettoocat
gecaagttygg
geecacgete
cacagaagat

ttggtccaat
agaacgttga
ttgccattta
actctgaaag
aggaatggga
tettggaaaa
agggteaaaa
aatcctteta
agatcaacga
ttaaagetygg
aggatattag
tteaagaatyg
gygactatggt
tgoaagtott
ctatgatttt
ttcataaaaa
caaccttgtt
cagaaagatt
ttggtgetgg
ctttggottt
ctteteatag
ad

SEQ ID NO:82

MEVIVASSVA
NSILLKQARS
VLTENVDFVK
EMVEEWESLV
KGFQBFYIPG
SNLKDIREHG
QEVLOVFGSS
VRLPTLLIHH
AKLALALILY

LSLVFISIVV
KPMNLSTSHD
PISNPLIKLL
SKEGSSCELD
WREFLPTKMNK
KNNENVEMST
KPDFDGLAHL
DEELWGDDAN
HETFELSPSH

SEQ ID NO:83

MENKTETTVR
FTFREILDND
LITDALWYER
GFPMLEVEDT
SFLIPLPKHL
DESKQBFLWVV
STLESVCEGV
EYIRQNARVL

RRRRIILFPV
PQDERISNLP
QSVADSLNLR
KSAYSNWQIL
TASS558LLDH
RPGEVKGSTW
PMIFSDEGLD
KQRADVSLMK

SEQ ID NO:84

MDAMATTEKK
CLDGAPGFRF
GFLSVFTIDA
IDWVPGMEGT
SLEYNHIYTI
FGSTTVMELE
SQERVLKHPS
TEVERDEVER

PHVIFIPFPA
ETIPDGVSHS
ARKLGIPVMM
RLEDEPLDWS
GPLOLLLDQI
DMTEFGWGLA
VGGEFLTHCGW
LVQELMGEGG

SEQ ID NO:85

MATSDSIVDD
SPLINVVQLT
DYTHYWLPST

RKQLHVATEP
LPRVQELPED
AASLGISRAH

toctagagtt
cttoegttaag
cgaaggtyaa
attgaagaga
atcottggtt
tatgtctget
gattttcogaa
cateccaggt
agaaattaaa
tgaagaaacc
agaacatggt
taagttatic
cttgttaggt
cggttotion
gttagaagtt
gactcaatty
gattcaccac
ttoecgaagyt
tecacgtatt
aatctitgoas
aatcacttta

RWAWSVVNWY
IBRPQVTRFVD
ATGIAIYEGE
VWPEFLENMEA
RMNEINEEIK
EDVIQECKLF
RVVIMILLEV
QFNPERFSEG
AHAPSHRITL

PEFQGHINPIL
THGPLAGMRI
RLVLMTSSLE
KEILGEMIKQ
DRIVEQWLDQ
VEPLPDGFLG
QPLNARYMSED
GGSSYESLES

QSHIKAMLKL
PEASIPIRES
YWILAACGEM
TDLNDKVLME
PEEKKQTGIT
NSNHYFLWII
GSTIESLBAG
HEMRNEKAKDW

WLAFGHILPY
AEATTDVHPE
FSVITPHWAIA

aacatcatga
ceaattteca
aagtggacta
atgttaccat
tectaaagaag
gatgtcattt
ttgttgagag
tggagattet
ggtttgatca
aacgatgatt
aagaacaaca
tacttegetyg
caaaaccaaa
aagccagact
ttgagattgt
ggtaaattat
gataaggaat
gtttecaagg
tgtatceggte
cacttecactt
caaccacaat

WEKPEKLERF
QTVEAYGKNS
KWTKHRRIIN
DVISRTIAFGT
GLIRGIIIDR
YFAGQETTSV
LRLYPPVIEL
VEEATKNRLS
CPQYGVRIIL

QLANVLYSKG
PIINEHGADE
NEHAHVSLPQ
THASSGVIWN
QPPSSVLYVS
ERGRIVEWVP
VLEVGVYLEN
LVSYISSL

AQLLHHKGLQ
LLESIETNFL
GFYHIHSLIE
TTEAPQRSHE
SLHGYSLVEE
RENLVIGENA
VPMICWPYSW
KEKARIATIAP

LOLSKLIAEK
DIPYLKKASD
YMGPSADAMT

accocagaaga
acccattgat
ageatagaaqg
cttteccatea
gttettettg
ccagaaccge
agcaagttat
tgocaactasa
gaggtattat
tgttgggtge
agaatgttygg
gtcaagagac
attggeaaga
ttgatggttt
accoaccagt
ctttgecaga
tatggggtga
ctaccaazaa
aaaacttttc
tegaattgte
acggtgtoag

LREQGLEGNS
FNWVGPIPRY
PTFHSERLER
SYKEGQKIFE
EQITKAGEET
LLAWTMVLLG
IRTIHKKTQL
FEPFGAGPRI
HRR

FSITIFHTNF
LERELELLML
FDELGYLDPD
SFKELEESEL
FGSTSEVDEK
QUEVLAHGAT
GWERGEIANA

ITFVNTDFIH
DRFIDLVTKL
KGFAPLKDAS
VSHHIFHTFD
EPECFQWLQS
VLPPELEEHI
DQLTNCRYIC
NGSSSLNIDK

GHKVSFLSTT
GLOPEVTRFL
NGSDGRTTVE

86

tttgaaggat
taaattgitg
aatcatcaac
atcctgtaat
cgaattggat
ttteggtacce
ttacgtiaco
aatgaacaay
tatogacaga
tttgatggag
tatgtcetatt
cacttotgtt
tagagetaga
ggcccacttyg
cattgagtta
aggtgtigaa
cgacgetaat
cegtttgteo
catgatyggaa
teceatceocat
aatcatctta

YRFLYGDMKE
NIMNPEDLKD
MLPSFHQSCN
LLREQVIYVT
NDDLLGALME
QNQNWQDRAR
GELSLPEGVE
CIGONFSMME

NKPKTSNYPH
ASEEDEEVSC
DETRLEEQAS
ETVIREIPAP
DFLEIARGLV
GAFWTHBGWN
IRRVMVDEEG

NQFLESSGPH
PDEPTICIISD
YLITNGYLDTV
ELEPSIIKTL
KEPNSVVYVN
KERGFIASWC
KEWEVGLEMG
MVKEITVLAR

RNIQRLSSHI
EQHSPDWITIY
DLTTPPKWEP
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FPTEKVCWRKH
VEVVEVGLLY
ELSGLPFVWA
HCGBSGSIVEG
RELSKIYNDT

DLARLVPYKA
PEIPGDEKDE
YREPKGPAKS
LMFGHPLIML
KVEKEYVSQF

SEQ D NO:86

MDBSGYSSSYA
RPALAPLVAF
CADWVIVDVE
AMRRPTFEVAR
PITEFLGLMEP
AGTRFLWALR
NSTIEGLMFG
VEEESSKVFEQ

ARARGMHVVIC
VALPLFPRVEG
HHWAARRMALE
MKLIRTKGSS
LHEGRREDGE
KPTGVIDADL
HPLIMLPIFG
ARKAKKLOEIV

SEQ ID NO:87

MESE8585TS
AVLIGCIVML
KALGEEAKAR
YEKWETEGNDR
QUIEDDFTAW
GNGYTVFDAQ
ETVDEALRLL
ALVALAAHAS
GVAPRLOPRE
LFLGRPIFVR
GCRNRRMDFI
YLYVCGDAKG

MIDLMAAIIK
VWRRSGSGNS
YEKTRFKIVD
GEWLKNLKYG
REALWPELDT
HPYKANVAVK
DMSPDTYFSL
DPTEAERLKH
YTEIESBPKIA
QENFKLPSDS
YEEELQRFVE
MARDVHRSLH

SEQ 1D NO:88

MATSDSIVDD
SPLINVVQLT
DYTHYWLPST
FPTKVCWREH
VPVVPVGLLP
ELSGLPFVWA
HCGBEGSIVEG
REVVVEKEGE

REQLHVATEP
LERVQELPED
AASLGISRAH
DLARLVPYEKA
PEIPGDEKDE
YREKPKGPAKS
LMFGHPLIML
ITYKANARELS

SEQ ID NO:88

atggetactt
tggttggett
ggtcacaagy
tececccattga
getgaageta
ggtttacaac
gattatacto
ttetergtta
aacggrtotg
tttocaacaa
ceaggtattt
tetaagtget
gttocagttyg
acttgggttt
getttgggtt
gaattgtetyg
gattotgttyg
acttettgyg
cattgtyggtt

ctgattccat
teggteatat
tttcattctt
tecaacgttgt
ctactgatgt
cagaagttac
attactggtt
ctactceatyg
atggtagaac
aagtctgttyg
ctgatggtta
atcatgaatt
ttcecagtagg
ccatcaaaaa
cogaagebtt
gtttgocecatt
aattgcoaga
ctecacaatt
ctggttetat

PGISDGYRMG
THVSIKKWLD
DSVELPDGEV
PIFGEIPRNE
VDYLEKNARD

PWLAFGHLLP
LPDGAESTND
HEVPCAMMLL
GMSLAERFSL
DATVREWLDAQ
LPAGFEERTR
DQGPNARLIE
ADMACHERYI

GEPVIVEDPA
KRVEPLKPLV
LDDYAADDDE
VEGLGNRQYE
ILREEGDTAV
RELHTPESDR
HAEKEDGTPI
LASPAGKDEY
ETRIHVTCAL
KVPIIMIGPG
SGALAELSVA
TIAQEQGSMD

WLAFGHILPY
AEATTDVHPE
FSVTTPUAIA
PGISDEYRMG
TWVEIKEWLD
DEVELPDGEV
PIFGDQPLNA
KIYNDTKVEK

cgttgacgat
tttgecatac
gtotaccaco
teaattgact
tcatccagaa
tagattottyg
goocatocatt
ggctattget
tacogtigas
gagaaaacac
cagaatgggt
cggtactcaa
tttgttgcea
gtggttggat
ggtttctcaa
tgtttggget
tggtttegtt
gagaattttyg
cgttgaaggt

LVLKGSDCLL
GRQEGEVVYV
ERTRDRGLVW
EDGCLTEESV
VAIDHES

CLDLAQRLAS
VPHDRPDMVE
GSAHMIASIA
TLERSSLVVG
PAKSVVYVAL
GRGVVATRAV
ARKNAGLOQVAR
DGFIQQLREY

NASAYESVAA
IKPREEEIDD
YEEKLEKEDV
HFNEVAKVVD
ATPYTAAVLE
SCIHLEFDIA
SSSLPPPEPP
SKWVVESQRS
VYEKMPTGRI
TCLAPFRGEL
FSREGPTKEY
STEAEGFVEKN

LOLEKLIAEK
DIPYLKKASD
YMGPSADAMI
MVLKGSDCLL
GROKGEVVYV
ERTRDRGLVW
RLLEDEQVGI
EYVSQFVDYL

agaaageaat
ttgeastigt
agaaacatcc
ttgocaagag
gatatooott
gaacaacatt
getgetteat
tatatgggtc
gatttgacta
gattiggeta
atggtttiga
tggttgectt
ceagaaatic
ggtaagcaaa
accgaagttyg
tacagaaaac
gasagaacta
toboatgaat
ttgatgtitg

SKECYHEFGTQ
ALGSEVLVSEQ
TEWAPQLRIL
ARBLREVVVE

RGHRVSEVET
LHRRAFDGLA
DRRLEBRAETE
RECVEFEPET
GSEVPLGVEK
POMSILAHAA
NDGDGSFDRE
KD

ELSSMLIENR
GREEVTIFFG
AFFFLATYGD
DILVEQGAQR
YRVEIHDSED
GEGLTMRLGD
CNLRTALTRY
LLEVMAEFPS
HEGVCETWMK
QERLALVESG
VOHEKMMDKAS
LOTSGRYLRD

GHEVSPLETT
GLOPEVTRFL
NGSDGRITVE
SKCYHEFPGTQ
BLGSEALVSQ
TSWAPQLRIL
EIPRNEEDGC
EKNARAVAID

tgeatgttge
cocaagttgat
azagattgtc
tecaagaatt
acttgaaaaa
ceceagattyg
tgggtattte
catctgotga
ctecacoasaa
gattggtico
aaggttocga
tgttggaaac
caggtgacga
agggttotgt
ttgaattgge
ctaaaggtee
gagatagagg
cegtetgtgg
gtocaccoatt

87

WLPLLETLHQ
TEVVELALGL
SHESVCGFLT
KEGEIYKANA

PRNISRLPPV
APFEEFLGTA
SPADAGQGRP
VPLLSTLRGK
VHELALGLEL
VGAFLTHCGW
GVAAATRAVA

QFAMIVTITEI
TQTGTAEGFA
GEPTDONAARE
LVQVGLEDDD
ARFNDITLAN
HVGVLCDNLS
ACLLSSPKKS
AKPPLGVEFA
NAVPYEKSEK
VELGPSVLFF
DIWNMISQGA
Vi

RENIQRLSSHI
EQHSPDWITY
DLTTPPKWEP
WLPLLETLHQ
TEVVELALGL
SHESVCGFLT
LTRESVARSL
HES

tacttttcea
tgctgaaaag
ctotecatatc
gecagaagat
gygctitcegat
gatcatotac
tagagceocat
tgctatgatt
gtagtitteoa
atacaaaget
ttgettgttg
attgcatcaa
aaaagacygaa
tgtttatgtt
tttgggtttyg
agotaagtet
tttggtitygg
tttettgact
gattatgttg
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60
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ccaatctttg
gaaatcccaa
agatcecygttg
aagatctaca
gaaaagaaty

gtgaccaace
gaaatgaaga
toegttgaaaa
acgataccaa
ctagagotgt

SEQ ID NO:90

atggaagett
actttggett
ttgagagaac
ttgtectaaga
attygctccaa
tttghtigga
gottteaaca
ccaccaggta
coagecttoo
gaaatgatta
tggcecatatt
tacgaagaag
gotttgagat
accaaagaaa
gaagctatga
gacttecagay
gttatcggty
gtttggacca
gtcttgaaag
gtcactatga
actacteata
ttgocaattt
aagocagaaa
cecabttggtyg
ttggetttygg
gctocatoty
agataac

ctagageato
ggagagbttt
aaggtttgac
tgttggaaca
gagttactece
tgggtocaat
gacatgatga
tagtitggtat
acttggaaaa
acaagtyggga
tggaaaacth
gtagaaagat
ctgtttacat
tccacaacyga
aggctggtga
aaatccaaga
aatgcaagtt
tgatttigtt
ttttoggtto
tettgttgga
agaaaactoa
tgttagtoca
gattetecega
gtggteccaag
ctttgatett
ctgttattac

SEQ ID NO:91

MEASRASCVA
LSKMLEQTQS
AFNRHDDFHK
EMINKWESLV
ALRSVYIPGHW
NEREIQEHGN
VLEVFGSNIP
LPILLVHHDK
LALALILOHFE

LOVVWVEIVI
KPIELSTSHD
TVENPIMKSP
SKESSCELDV
RFLPTKQNKEK
NENAGMSIED
TYEELSHLRV
ELWGEDANEF
AFELSPSYAH

SEQ ID NO:92

ASWVAVLEVV
LEQTQSKPIK
HDDFHEVVEN
KWESLVSKES
VYIPGWRELE
IQEHGNNENA
FGSNIPTYEE
LVHHDEELWG
LILRHFALEL

WVSMVIAWAW
LSTSHDIAPH
PIMESLPQGI
SCELDVWEYL
TEQNKKAKET
GMSIEDVIGE
LEQLKVVTIMI
EDANEFKPER
SPLYRHAPSY

SEQ ID NO:93

MEASRPSCVA
ISMMVEQAQS

LEVVLVEIVI
KPIKLSTTHD

attgaacget
agatggttge
agaaggtgaa
ggtcgaaaaa
tgccattgat

ttgtgttget
gaattgygte
tggtaactot
aactcaatce
attettecat
teccaagagte
tttocataag
tgaaggtgaa
gttgaaaggt
atcecttggtt
caccteogat
cttocaatta
tocaggtigy
aatcaagggt
agotacaaaa
acacggtaac
gttetacttt
gtcccaaaat
taacatcoca
agtattgaga
attgggtaaa
ceacgacaaa
aggtgtttet
gatatgtatt
geaacattte
attgcaacea

TLAWRVLNEV
IAPRVITPEFH
PPGIVGIEGE
WPYLENFISD
TKEIHNEIEG
VIGECKLEYFR
VIMILLEVLR
KPERFSEGVS
APSAVITLOP

RVLNWVWLRE
VIPEFFHQTIVN
VGIEGEQWAK
ENFTSDVIER
HNEIKGLLEG
CKLEYFAGQE
LLEVLRLYPS
FSEGVSKATK
TITLOPQYGA

AWAWRVLNWV
TAPRVIPEEH

agattattgg
ttgacocaaay
atctacaaqy
gaatacgttt
catgaatett

ttgtgtgttg
tggttaagac
tacagattgt
aagcctatea
agaactgtta
catattatga
accgtcaaga
caatgggeea
atggttccaa
tecaaagaat
gttattteca
ttgagagaag
agattettyge
ttgttgaagyg
gatgattigt
aacaagaaty
getggtoaag
caagattgyge
acctacgaag
ttataccecat
ttgteettge
gaattgtggy
agagetacca
ggtcaaaatt
getttogaat
caatttggty

WLRPKKLERC
RTVNSNGKNS
QWAKHREIIN
VISRAAFGSS
LLEKGIINKRE
AGQETTEVLL
LYPSVVALPR
KATKNKETYL
QFGAHITLHK

KEEKLEKCLREQ
SYGRNSFVWM
HREIINPAFH
ARFGSSYEEREG
IINKREEAMK
TTSVLLVATM
VVALPRTTHK
NQFTYFPFGGE
HIILHKR

WLEPNELERC
QIVYTYGRNS

aagataagea
aatctgtige
ctaacgetay
cocaattogt

ga

tttgygtite
caaaaaagtt
tgttaeggtya
agttgtetac
actocaacyy
accctgaaga
acccaattat
aavatagaaa
tettetacea
cttectgtyga
gagetgottt
aagooaaggt
caactaagcea
gtatcatcaa
tgggtatott
ceggtatgte
aaactacetc
aagctagage
aattgtotea
cegttgttge
cagetggtgt
gtgaagatge
agaacaagtt
tegetatggt
tgteaceate
ceccatateat

LREQGLTGNS
FVWAMGPIPRV
PAFHLEKLKG
YEEGRKIFQL
ERMKAGEATK
YVHTMILLSQN
TTHRKETQLGK
PFGGGPRICT
R

GLAGNSYRLL
GPIPRVHIMN
LEKLEGMVPTI
REKIFQLILREE
AGEATKDDLL
VLLSQNQDWQ
KTQLGKLSLP
GPRICTIGONF

LREQGLTGNS
FVWMGETPRV

88

agtecgygtate
tagatctttg
agaattgtoo
tgactactty

catcgttatt
ggaaagatge
taccaaggac
ctoteatgat
taagaactet
tttgaaggac
gaagteteca
gattattaac
atcetgotet
attggatgte
tggttettet
ttacteegtt
aaacaaaaaqg
caagagagaa
gatggaatcce
tattygaagatl
cgttttgtty
tagagaagas
cttgaaggtt
attgocaaga
tgaagtitet
taatgaattc
cacttacttyg
cgaagotaaa
ttatgectcat
cttgcataag

YRLLFGDTED
HIMNPEDLKD
MVPIFYQSCS
LREEAEVYSV
DDLLGILMES
QDWOARAREE
LSLPAGVEVS
GONFAMVEAK

FGDTEDLSKM
PEDLEDTENR
FYRSCSEMIN
AKIYTVAMRS
GILMESNFRE
ARAREEVLQV
AGVEVELPIL
AMMEAKLALS

YRLLFGDTKE
TIMNPEDLKD

PCT/EP2015/070620
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AFNKSDEFQR
EMINKWESLY
AARSVYIPGW
NFREIQEHGN
VLOVEFGTINIP
LHIMLAHHDK
LALSLILOHF

AISNPIVKSI
FKEGSREMDYV
RFLPTEQNKR
NENAGMSIED

SQGLSSLEGE
WPYLENLTSD
MEEIHKEVRG
VIGECKLEYF

KWAKHRKIIN
VISRAAFGSES
LLEGIINKRE
AGQETTSVLL

TYDRLSHLKY VIMILLEVLR LYPAVVELPR

ELWGEDAKEF
TFELSPSYAH

SEQ ID NO:94

CVALSVVLVS
AQSKPIKLST
FORATSNPIV
SLVFKEGSRE
PGWRFLPTKQ
HGNNENAGMS
NIPTYDQLSH
HDKELWGEDA
QHFTFELSPS

IVIAWAWRVL
THDIAPRVIP
KSISQCLISL
MDVWPYLENL
NERMKETIHKE
IEDVIGECKL
LEVVIMILLE
KEFKPERFSE
YAHAPSVTIT

SEQID NO:95

MGPIPRVHIM
HLEKLKGMVE
GRKIFQLLRE
KAGEATKDDL
MVLLSQNQDW
KRTQLGKLSL
GGPRICIGON

NPEDLKDTFN
IFYQSCEEMI
EARKVYTVAVR
LGILMESNFR
QARAREEVLO
PAGVEVELPI
FAMMEAKLAL

SEQID NO:S6

atggaagoat
acattggcat
ttgagggage
ctotegaaga
atageogeoac
tttgtttgga
geettcaaca
ccaccgggea
ccageattce
gagatgatta
tggecttate
tatgaagagy
gototacygasa
acgaaggaaa
gaggegatga
aacttceaggqg
gtaattgyay
gtttggacaa
gtottgaaay
gtgaccatya
aocactoaca
ttgeccatac
gagocagaga
cetttoggag
ttgyoctigy
gotecttety
cgttyga

caaggyotag
ggagggtget
aaggccttac
tgetggaaca
gagtocacooo
tgggecotat
gacatgatyga
ttgtaggeat
atttagagaa
acaaatyggga
ttgaaaattt
gaagygaaaat
gtgtttacat
ttcacaatyga
aggeagggyga
agattcagyga
agtgtaagtt
tgattttact
tottiggaag
ttttacttga
agasaacaca
tgottgtica
ggttttcaga
ggggtccaay
cectgatitt
cagttataac

SEQ ID NO:97

atgbtoccotooa

actccgattt

KPERFSEGVS
APSYTITLHP

NUVWLRPNKL
FEHQIVYTYG
EGEKWAKHRK
TSDVISRAAF
VRGLLKGIIN
FYFAGQETTS
VLRLYPAVVE
GVSKATKNQE
LHPQFGAHFT

RHDDFHEVVK
NIWKSLVSKE
SVYIPGWRFL
EIQEHGNNKN
VEGENIPTYE
LLVHHDKELW
SLILQHFTFE

ttgtgttgeg
gaattygggty
aggeaattct
agcacaatoo
atttttecat
accaagagtyg
tttteataag
tgaaggtgag
getaaagggt
gagcttyggtyg
taccagegat
atttcaacta
tocaggatyg
aattaaaggce
agccactaaa
acatggygaac
gtritactty
aageccaaaat
caacatccca
agttottoga
gettgyaaaa
ceatgacaaa
gggagtttea
gatttgeatt
acaacactit
cettecaacot

gutcagaaga

KATENQFTYE
QFGAHFILHK

ERCLREQGLT
RNSEVWMGPT
IINPAFHLEK
GESYEEGRKI
KREDATKAGE
VLLVWTLVLL
LPRTTYKKTQ
TYFPFGAGPER
LHKR

NPIMKSLPQG
SSCELDVWPRY
PTEQONKKTKE
AGMSIEDVIG
ELSHLKVVTM
GEDANEFKPE
LSPOYSHAPS

ctatgtgttg
togttgagge
tacaggottt
aaacceatea
cgaactygtga
cacatcatga
acagtaaaaa
caatgggeta
atggtaccaa
tecaaagaga
gtgattieooe
ctaagagagy
aggtttctac
ttacttaagg
gatgacttac
agcaaaaatyqg
getgggeaaqg
caggattgge
acctatgaag
ttataccoatr
ttateattac
gagttgtyggy
aaggcaacaa
ggacaaasact
gectttgage
caattitggty

ttggaatoty

PAFHLEKLKG
YEEGRKIFQL
DAIKAGEARK
VHWTLVLLSON
TTYKKTQLGK
PFGAGPRICT
R

GNSYRLLFGD
PRYTIMNPED
LEGMLPTFYQ
FOLLREEAKF
ABKGNLLGIL
SONQDWOARA
LGKFLLPAGY
ICIGQNFAML

IVGIEGDQWA
LENFTEDVIS
IHNETIKGLLK
ECKLEYFAGQ
ILLEVLRLYP
RFSEGVEKAT
VTITLOPQYG

ttrgggtgag
caaagaaact
tgtttggaga
aactctecac
actetaatgg
atccagaaga
atootateat
agracagaaa
tattttacca
gttocatgtga
gagetygeatt
aagcaaaagt
caaccaagea
geattataaa
taggaatact
ctggaatygay
agaccactte
aagetegtyge
agetaagtea
cagtcgtige
cagetggagt
gtgaggatygce
agaacaaatl
ttgocatgygt
tttectocate
ctecatateat

ttttgggtgt

89

MLEPTFYQSCS
LEREEAKFYTI
GNLLGILMES
QDUOQARAREE
FLLPAGVEVS
GONFAMLEAK

TKEISMMVEQ
LEKDAFNKSDE
SCSEMINKWE
YTIAARSVYI
MESNFREIQE
REEVLQVFGET
EVSLHIMLAH
EAKLALSLIL

KHRKIINPAF
RAAFGSSYEE
GIINEREEAM
ETTSVLLVWT
SVVALPRTTH
KNQFTYFPFG
AHLILHEKR

catagtaatt
agaaagatgce
caccaaggat
ctoccatgat
caagaattot
tttgaaagat
gaagtotoos
gattatcaac
aagttgtage
gttggatgty
tggaagtago
ttattocggta
gaacaagaayg
tasaagygas
tatggagtcoe
tattgaagat
ggtgttgett
aagagaagag
cotaaaagtt
gcttoctega
ggaagtcteo
aaatgagttc
tacatactta
ggaagetaaa
ctatgoteat
ttitgeataaa

ttotttegyt
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ggttotgtta
ghtttggttt
gttocaaage
accagagttt
ttggetgaag
gattacacag
tteatgttyy
tggtteaceoy
gytttgggta
ttggttygaac
atcegaagaty
caagatgatsa
gttatecacy
aatgcotott
cataagecag
ttgacttacy
gaagaagooeg
aacaacgacy
ttgagaactyg
attgetttag
totocacaay
gaagttatyy
gtteotagat
agagtteatg
ggtgtatgtt
tgggcoccaa
atagttatgg
ttggecttga
aacagacaaa
ttgtoogaat
aagatggttg
gtttgtggty
caacaagaayg
gacggtagat

ctgatteegt
tgttgtggag
cagttactat
ctattttota
aaatcaaagce
ccgaagatyga
ctacttatgg
aaggtactyga
acagacaata
aaggtgocaa
atttetecoge
ccaacacogt
atccatetgt
acgatattca
aatctgacag
aaaccggtga
ctaagttgtt
gtacttottt
ctttggoetag
ctgeocteatge
graaggacga
ctgaatttoo
tgeaacctay
ttacttgeoge
cattetggat
ttttcatcag
ttggtcecagg
aagaagaagg
tggacttceat
tgategttge
aaaaggeage
atgetaaagg
aaaaggttga
acttgagaga

SEQ ID NO:98

MSSNSDLVRR
VPRKPVTIVEE
DYTAEDDKYG
GLGNRQYEHF
QDDTNTVSTP
HEPESDRSCI
NNDGTSLGSS
SPQGKDEYSK
BRVHVTCALVY
IVMVGPGTGL
LSELIVAFER
QOUEEKVDSTK

LESVLGVSFG
EDEFEVASGK
ERKLEKETMAF
NEIAKVVDDL
YTAVIPEYRV
HLEFDIFATG
LPPPFPGPCT
WVVGEQRSLY
GPTPTGRIHR
APFRGFLOER
EGPSKEYVQH
AESIVEELQM

SEQ ID NO:99

atggatgctyg
getgtageat
agatcccaat
aatctgttac
tatggaccta
gagatagooa
aaageeetga
tatcataasaa
aageatagas
gtgaaaaaca
ttoggettag
ctgaasaatoa
ggageaatoyg

tgacgggttt
tggeggtage
caaatcatct
aattgaagga
tetatagtat
aggaggeatt
aagtacttac
cagttaagag
ttcacagaya
acccagaaca
ctatgagaca
ctatgaatag
atgttgattyg

tgttgttatt
aagatcctet
cgttgaagaa
cggtactcaa
cagatacgaa
caaatacggt
tgatggtgaa
tagaggtgtt
cgaacactie
gagattggtt
ttggaaagaa
ttctacteea
tacctecttat
toatocatgt
aagttgeate
teatgttggt
gggtcaacea
gggttettet
atatgoogat
tgatgaacca
atattotaas
atctgetaaa
atattactoo
tttggtttat
gaagaatgtt
acaatctaat
tactggttta
tgcteaagtt
ctacgaagte
tttttcaaga
ttacatgtoy
tatggotagsa
ttetaceaag
tgtttggtyga

GEVTDSVVVI
TRVSIEFYGTQ
FMLATYGDGE
LVEQGAKRLV
VIHDPSVTSY
LIYETGDHVG
LRTALARYAD
EVMAEFPSAK
GVUSFWMENY
LALKEEGAQV
KMVEKARYMW
DGRYLRDVW

gttaactgte
getaatettt
tecaagagty
gaaaaagcca
caaaactgygg
ggtgaceaga
agoagataag
acacatactg
tatcatygaty
ggaagaggta
agcocttagga
agacgaaatc
gagagacttc

gctaccacet
gacagatcta
gaagatgaat
actggtacty
aaagctgooyg
gaaaagttga
cotactgata
tggttggaac
aacaagattyg
actgttyggtt
geotitgtgyge
tacactgetg
gaagatccat
agagetaacy
catttggaat
gtttacgety
ttggattigt
ttgecaccac
ttgttgaatc
tetgaagoty
tgggttgtey
ceaceattgy
atctettoea
ggtecaacte
gteccattgy
tteoaagttge
getcotttta
ggteotgett
gaattgaaca
gaaggtcoeat
aacttgattt
gatgttcata
gocgaateos

ATTSIALVIG
TGTAEGFAKA
PTONAARFYK
TVGLGEDDDOC
EDPYSNMANG
VYADNCDDTV
LLNPPEKAAL
PPLGVFFAAV
VPLEKSQONCS
GPALLFFGCR
NLISQGGYFY

ccageaacey
tggtacctyga
cotgaaghoo
tacatgactt
getacaagta
ttccaatcca
acaatggteyg
accgeegbet
gataacatat
gaccttagaa
aaggatgttyg
ttteaagtoe
tttecatace

ctattgettt
gagaagttaa
tegaagttge
ctgaaggttt
ttaaggttat
agaaagaaac
atgetgetag
atttgagata
coaaggttgt
tgggtgatga
cagaattgga
ttattccaga
actctaacat
ttgeogtecs
tegatatttt
ataattgtga
tgttectecat
catttcoccaygg
caccaaaaaa
aaagattgaa
gttcccaaaqg
gtgtattttt
gtcraagatt
caactggtag
aaaagtctea
cageegatoa
gaggtttott
tgttgteitt
actttgtcga
ccasagaata
ctecaaggtygyg
gaacattgea
togttaagaa

VLVLLWRRSS
LAEEIKARYE
WETEGTDRGYV
IEDDFSAWKE
NASYDIHHPC
BEAAKLLGQP
IALAAHADEP
VPRLOPRYYS
WAPTFIRQBN
NRQMDFIYEV
VCGDAKGMAR

ctataactat
aatcctacac
caggtgttco
ttacgagaty
tggttgtggt
tatctacaay
caatgtcaga
tgggtoctas
ctactcaact
aaatctttea
aaagtttgta
ttgttgttga
taaagtoaggt

a0

ggttatceggt
geaattgget
ttetggtaag
tgctaagget
tgatttggat
tatggeettce
attttacaag
cggtgtatte
tgatgattiyg
tgatcaatyge
teaattatty
atacagagtt
ggctaacggt
aaaagaattyg
cootactggt
tgatactgta
teatacegat
tocatgtact
ggetgottity
gttettgtea
atcettggtt
tgectgetgtt
tgctocacat
aattcacaga
aaactgttot
ttobgttoca
acaagaaaga
tggttgeaga
acaaggtget
cgtocaacat
ttacttetac
taccatogte
attgcaaatg

DRSREVKQLA
KAAVKVIDLD
WLEHLRYGVF
ALWPELDQLL
RANVAVOKEL
LDLLESIHTD
SEAERLKFLS
ISSSPRFAPH
FELPADHSVE
ELNNFVEQGA
DVHRTLHTIV

tggtggaact
atcagetaga
attgttagga
ggcagegaca
atcatctaat
gaactiatot
ttatgatygat
tgracagaaa
teatgaatte
atotgagtta
cgttgaagac
tecaatgatyg
cocaaacaaa
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aagticgaaa
atcaaagagce
ctitttatcty
atcattgaat
aaaaaccota
aagataaccyg
chtgagaagac
ctaggeogget
atggacaaaa
asatygagacaa
ggttecttyge
gaatggaaac
atgttaagac
accgaacaat
ctagtbottt
atagetatygt
ttgcoasagay
aatgcygaage
agatactctyg
gottteatog
goecgacgcoaa
gatgttgceg
cttotteaat
tcaacgaacy
cactigyaaa
atcecaagaa
agccaacaga
acagtatoog
caattgagaqg
ctacttgaaa
ttgetyggaaa
agtattecgtce
tctattaceg
attgetteea
actoctcaat
cogggaacayg
cagggacaas
tacttatacc
geattcagta
ggtaagaagt
teccaaatgg
gtttcagaay
aaagatgttt

atactattca
acagaaagag
aagetcaaac
cttocagatac
aattgcaaga
aagageatet
actcaccagt
accatgttee
acgtttggga
Lrgattttea
aagoootttt
tgaaggatat
cattgagagoe
ctgcaaaaaa
atggttcotaa
coaagggatt
aaggtgetgt
agttogtoga
tttttggaty
atgaaatgot
gegacgattt
cgtattttaa
togtegatag
ragragecay
ttgaattacc
actacgaagy
taagactaga
ttgaagaatt
ctatggoage
aacaageata
aataccogge
ccaggtatta
tatctgtggt
attatocttge
cagaatttac
gagtogoooo
gtetygggtga
aagaagaact
gaatgocaaa
taattgaget
cgoctgeogt
cggacgecayg
ggtaa

SEQ D NO:100

MDAVIGLLTV
NLLOLKEKKP
KALKVLTADK
YENNPEQEEY
GRIDVDWRDE
LLSEAQTLTD
KITEEHLSQL
MDENVHENPE
EWKLKDMTQE
LVLYGSNMGT
MAKQFVDWLD
ADASDDFEGT
STNVVASKEL
SQQIRLEAEE
LLEEQAYKEQ
SITVEVVEGE
PGTGVAPFRG
AFSRMPNQPK
VEEADARLWL

PATAITIGGT
YMTETRWAAT
TMVAMSDYDD
DLREIFPOSEL
FEYLKWVPNK
OOLLMSLWEP
PYTTAIFHET
EWNPERFMEE
EVNTIGLTTQ
AEGTARDLAD
OASADEVRGY
YEEWREHMWS
COOPGSARSTR
EKLAHLPLAK
VLBKRLTMLE
AWSGYGEYKG
FVQARKQLKE
TYVOHVMEQD
QOLEEKGRYA

acaaatgtac
aatagogtea
tttaacoygat
aacaabggte
taggttgtac
atcacagctyg
tectateatt
tgetggeaca
aaatccagag
aaagacygaty
aactygcatct
gactcaagay
tattatcaaa
agttagaass
tatgggaaca
tgoooogeaa
tectaatagtt
ttggttagat
tggagataay
tgetgcasas
tgagggtacc
totagacata
tgectgeggac
taaggaactlt
asgaagaggea
tatagtcaat
agcagasgaa
attgcaatac
aaagactgtt
caaagagcaa
atgogaaatyg
cteaattica
ctotggagas
agaactygeay
tettocgaag
tttecagagyce
gguacatola
tgaaaacgoo
ccagoocgaaa
tttggataag
tgaagcocace
toctttggtta

AVALAVALIF
YGPIYSIKTIG
YHETVEKRHIL
FELAMRQALG
KFENTIOQOMY
ITESSDTTMV
LERHSPVPEII
NETIDFQKTM
MLRPLRAIIK
IAMSKGFAPQ
RYBVEGCGDK
DVARYFNLDI
HLEIELPKEA
TVSVEELLQY
LLEKYPACEM
IASNYLAELQ
QEOSLGEARL
GKKLIELLDK
Kbvw

atcagaagay
ggcgaaaagc
cageaactat
acaacagaat
agagacatta
cecttacatta
cotetaagac
gaacttgcog
gastggaace
goettoggty
attgggatty
gaagtgaaca
cetaggatoo
asagcagaaa
goggaaggaa
gtagcaacce
accgotagot
caagcatcag
aattgggoea
ggggotgaaa
tatgaggagt
gaaaattoty
atgoocttag
caacaaccaqg
toctaccaaqg
agggtaacgyg
gaaazatigy
gtggaattige
tgtocaccte
gtgctagcaa
gaattctcog
tottocaccas
gettggagtg
gaaggggata
gatccagaaa
tttgtgeaay
tatttogglt
caatcagaag
acttacgtac
gygcgcccact
ttgatgaaat
caacaactay

WYLKEYTSAR
ATSMVVVSESN
TAVLGPNAQK
KDVESLYVED
IRREAVMKEL
TTEWAMYELA
PLRHVHEDTV
AFGGGKRVCA
PRIPSRPSPS
VATLDSHAGN
NWATTYQKVP
ENSEDNKSAL
SYQEGDHLGV
VELQDPVIRT
EFSEFIALLP
EGDTITCFIS
YFGCRSPHED
GAHFYICGDG

aagetgttat
taaatagtta
tgatgtectt
gggcaatgta
agteogtoty
cagetatttt
atgtacatyga
ttaacatcta
cagaaagatt
gtggtaagag
ggagaatggt
cgataggoot
catcaagacce
atgeacacaa
cggeeaggga
tggattcooca
acaatgggea
cagatgaagt
ceacatatea
atatagcaga
ggagagagcea
aagacaataa
caaagatgea
gragbgccag
adggtgacca
caagatttygg
cgcaccttoe
aggatooogt
acaaggttga
agagactaac
aatttatoge
gggttgacga
gttacggaga
caattacety
ctecegttaat
caaggaagea
guagatetee
gtattatecac
agecatgttat
tetacatttg
catatgeaga
aggagaaagy

RSQSNHLPRV
EIAKEALVTIR
KHRIHRDIMM
LEKITMNRDETI
IKEHKKRIAS
KNPKLQDRLY
LGGYHVPAGT
GELOALLTAS
TEQSAKKVRK
LPREGAVLIV
AFIDEMLAAK
LLOFVDSARD
IPRNYEGIVN
QLRAMARNKTV
SIRPRYYSIS
TPQSEFTLPK
YLYQEELENA
SQMAPAVEAT
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gaaatcttta
tatogattac
gtgygaacca
cgaattaget
tggatctgaa
ceacgaaaca
agatacogty
cggttgoaac
catgaaagay
agtttgtget
tecaagagtte
aactacacaa
aagtcctagt
tacteccattg
tetagetgac
tgragotaac
coctecagat
taaggytgtt
gaaggttcoyg
tegtggtgag
catgtggtot
aagtgectta
tggageoottt
aagtacacgt
tettggtgta
gotggatgea
actagcygaag
cactagaacy
acttgaaget
catgttagaa
gttgtitgooa
gaaacaggesa
atacaaggyt
ctttatttet
tatggtaggt
actaaaagaa
geatgaggat
cttgeatact
ggagcaagat
cggcgacgyga
tgttcatcaa
aaggtatgea

PEVPGVPLLG
FQSISTRNLS
DNISTQLHEF
FQVLVVDPMM
GERINSYIDY
RDIKSVCGSE
ELAVNIYGCN
IGIGRMVQEF
KAENAHNTPL
TASYNGHPPD
GAENIADRGE
MPLAKMHGAF
RVTARFGLDA
CPPHKVELEA
SSPRVDEKQA
DPETPLIMVG
QSEGIITLHT
LMKSYADVHQ

PCT/EP2015/070620

840

800

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3315

60
120
180
240
300
360
420
480
540
600
660
T20
780
840
900
960

1020
1080
1104
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SEQ ID NO:101

atggatgctg
getgtageat
agatcocaat
aatctgttac
tatggaccta
gagatagcea
aaagecctga
tatcataaaa
aagecatagaa
gtgaaaaaca
tteggettag
ctgaaaatca
ggagcaatoy
aagttogaaa
atcaaagagce
ctittatctg
atcattgaat
aaazaccota
aagataacey
ctgagaagac
ctaggogyget
atgyacaaas
aatgagacaa
ggttcettge
gaatggaaac
atgttaagac
accgaacaat
ctagttettt
atagctatgt
ttgecaagay
aatygogasage
agatactctyg
gotttecateg
gocgacgeaa
gatgttgceg
cttetteaat
tecaacgaacy
cacttggaaa
atceocaagaa
ageccaacaga
acagtatceg
caattgagayg
ctacttgaaa
ttgetggaaa
agtattogto
tctattaceg
attgettoeca
actecteaat
cecgggaacag
cagggacaaa
tacttatacc
geattceagta
ggtaagaagt
teccaaatgg
gbtttcagaag
aaagatgttyg

tgacggygtitt
tggeggtage
caaatcatct
aattgaagga
totatagtat
aggaggeatt
aagtacttac
cagttaagag
ttocacagaga
accragaaca
ctatgagaca
ctatgaatag
atgttgattyg
atactattca
acaaaaagaqg
aggetoaaac
ctteagatac
aattgcaaga
aagagcatct
actecaccagt
accatgttoo
acgttiggga
ttgattttea
aagoectbtet
tgaaggatat
cattgagagce
ctgeaaaaaa
atggttetaa
coaagggatt
aagygtygotygt
agttegtoga
tttttggatyg
atgaaatget
gegacgattt
cgtattittas
tegtegatag
tagtagccag
ttgaattace
actacgaagy
taagactaga
tigaagaatt
ctatggcage
aacaagcata
aatacceogge
ceaggtattsa
tatctgtygt
attatcttge
cagaatttac
gagtogooce
gtctgggtga
aagaagaact
gaatgooaasa
taattgagct
cgcoctygecygt
cggacgoceyg
cttaa

SEQ ID NO:102

MDAVTGLLTV
NLLQLKEKEP
KALEVLTADK
VENNPEQEEV

PATAITIGGT
YMTEFTRWAAT
TMVAMSDYDD
DLREIFQSEL

gttaactgte
getaatettt
tecaagagty
gaaaaageea
caaaactggy
gytgaccaga
agecagataag
acacatacty
tatcatgatyg
ggaagaggta
agcettagga
agacgaaato
gagagactte
acaaatgtac
aatagegtea
tttaacegat
aacaatggte
taggttgtac
atcacagety
tectateatt
tgoetggeaca
aaatccagag
aaagacgatg
aactgcatct
gactcaagag
tattatcaaa
agttagaaaa
tatgyggaaca
tgcooogeasa
totaatagtt
ttggttagat
tggagataag
tgctgcaaaa
tgagggtacce
tetagacata
tgctgeggac
taaggaactt
aaaagaggea
tatagtceaat
agcagaagaa
attgcaatac
aaagactgtt
cagagageaa
atgegaaaty
cteaatttea
ctetggagaa
agaactygcay
totteocgaag
ttteagagge
ggcacatota
tgaaaacgeo
cecagecgaaa
tttggataag
tgaagecace
tetttggtta

AVALAVALIF
YGPIYBIKTIG
YHETVEKRHIL
FGLAMRQALG

ccageaaceyg
tggtacctga
cetgaagteo
tacatgactt
grotacaagta
ttecaateea
acaatggtcg
agoogoogtel
gataacatat
gaccttagaa
aaggatgttyg
tttcaagtoe
tttecatace
atcagaagag
ggcgaaaage
cagcaactat
acaacagaat
agagacatta
cottacatta
cototaagac
gaacttgeoy
gaatggaacc
gectteggtyg
attgggatty
gaagtgaaca
cetaggateo
aaagcagaaa
gcggaaggaa
gtagcaacce
accgectaget
caagcatcag
aattgggcca
ggggctgaaa
tatgaggagt
gaaaattotyg
atgoocttag
caacaaccaqg
tectaccaag
agggtaacgyg
gasaaattgy
gtggaatige
tgtecaccote
gtgectageas
gaatitctooy
tettcaccaa
gettggagtyg
gaaggggata
gatccagaaa
tttgtgeaag
tatttoggtt
caateagaay
acttacgtac
ggcgeccact
ttgatgaaat
caacaactag

WYLKSYTSAR
ATSMVVVEEN
TAVLGENAQK
KDVESLYVED

ctataactat
aatcctacac
caggtgttee
ttacgagatyg
tggttgtgyt
tatctacaag
caatgteaga
tgggtcctaa
ctactcaact
aaatctitea
aaagtttgta
ttgttgttga
taaagtgggt
aagotgttat
taaatagtta
tgatgteoctt
gggeaatgta
agtocogtety
cagoetatttt
atgtacatga
ttaacatcta
cagaaagatt
gtggtaagag
ggagaatggt
cgataggeet
catcaagacc
atgcacacaa
cggecagygyga
tggattoccea
acaatgggea
cagatgaagt
cracatatca
atatagcaga
ggagagagea
aagacaataa
caaagatgca
gtagtgeeag
aaggtgaccea
caagatttgg
cgecaccttee
aggatcecgt
acaaggttga
agagactaac
aatttatoge
gggttgacga
gttacggaga
caattacotyg
ctecgttaat
caaggaagea
geagateotee
gtattatcac
agcatgttat
tetacattty
catatgoaga
aggagaaagyg

RSQSNHLPRV
EIARKEALVTR
KHRTHRDIMM
LEITMNRDEI
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tggtggaact
atcagcetaga
attgttagga
gygcagcgaca
atcatctaat
gaacttatct
ttatgatgat
tgcacagaaa
teatgaatte
atotygaghta
cgttgaagac
tecaatgaty
cocaaacaaa
gaaatcttta
tatcgattac
gtgggaacca
cgaattaget
tggatotygaa
ceacgaaaca
agatacogtbt
cggttgoaac
catgaaagay
agtttgtget
tecaagagtteo
aactacacaa
aagtocctagt
tactoccattg
tetagoetgac
tgecaggtaac
coctecagat
taaggytgtt
gaaggttceg
tegtggtgag
catgtggtet
aaggtgcctta
tggagoottt
aagtacacgt
tettggtgta
gotggatgea
actagegaag
cactagaacyg
acttgaaget
catgttagaa
gtitgttgeca
gaaacaggea
atacaagggt
ctttatttet
tatggtaggt
actaaaagaa
geatgaggat
cttgeatact
ggageaagat
cggcgacgga
tgttcatcaa
aaggtatgea

PEVPGVPLLG
FQSISTRNLS
DNISTQLHEF
FQULYVDPMM

PCT/EP2015/070620

60
120
180
240
300
3860
420
480
540
600
660
720
780
840
00
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
15e0
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2540
3000
3060
3120
3180
3240
3300
3315

60
120
180
240
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GAIDVDWRDE
LLEEAQTLTD
KITEEHLSQL
MDENVWENPE
EWKLKDMTQE
LVLYGSNMGT
NAKQEVDWLD
ADASDDFEGT
STNVVAEKEL
SQQIRLEAEE
LLEKQAYKEQ
SITVSEVVEGE
PGTGVAPERG
AFSRMPNQPK
VEEADARLWL

FPYLEWVPNK
QOLIMSLWEP
PYITAIFHET
EWNPERFMKE
EVNTIGLTTQ
AEGTARDLAD
QASADEVEGY
YEEWREHMWS
QOPGSARBTR
ERLAHLPLAK
VLAKRLTMLE
AWSGYGEYKG
EVQARKQLKE
TYVQHVMEQD
QULEEKGRYA

SEQID NO:103

atgoeaagay
gagaaaaago
atcaaaactg
trggtgacca
acageagata
agacacatac
gatatcatga
caggaagagy
caagecttay
agagacygaaa
tggagagact
caacaaatgt
agaatagogt
actttaacoyg
acaacaatygg
gatagygttgt
ctatcacage
gttcoctatca
cotgotggea
gaaaatocag
caaaagacyga
ttaactgeat
atgacicaaqy
gotattatos
aaagttagaa
aatatgggaa
tttgocooyge
gttectaatag
gattggttay
tgtggagata
ctigetgoaa
tttgagugta
aatctagaca
agtgctygcygy
agtaaggaac
ccaaaagagy
ggtatagtoa
gaagoaygaag
ttattgcaat
geaaagacty
tacaaagago
geatgogaaa
tactcaattt
gtctectyggag
goagaactgo
actottooga
cotttcagag
gagygcacato

tgeotgaagt
catacatgac
gggotacaay
gattccaate
agacaatggt
tgacegoogh
tggataacat
tagaccttag
gaaaggatgt
tetttcaagt
tettteecata
acatcagaay
caggogaaaas
atcagcaact
tcacaacaga
acagagacat
tgeottacat
ttcotoctaag
cagaactige
aggaatggaa
tggecttogy
ctattgggat
aggaagtgaa
aacctaggat
aaaaagcaga
cageggaagy
aagtagcaac
traccgctag
atcaageatc
agaattgggce
aaggyggctga
cotatgagga
tagaasatie
acatgocott
ttcaacaacce
catectacea
atagggtaac
aagaaaaatt
acgtggaatt
tttgtceceace
aagtgetage
tggaaticte
catcttoace
aagoltigyayg
aggaaggyga
aggatccaga
getttgtgea
tatatttcgg

KFENTIQQMY
IIESSDTTMV
LRRHSPVPII
NETIDEFQKTM
MLRPLRATIK
TAMSHGFARQ
RYSVFGCGDK
DVARYFNLDI
HLEIELPKEA
TVSVEELLQY
LLEKYPACEM
IASNYLAELD
QGUSLGEAHL
GEEKLIELLDK
KDVA

ceccaggtgtt
ttttacgaga
tatggttgty
catatctaca
cgeaatgtea
cttgggtoct
atctactcaa
aaaaatettt
tgaaagtttyg
cobtgttgot
cectaaagtgy
agaagetgtt
gotaaatagh
attgatgtee
atgggeaatyg
taagtoogto
tacagctatt
acatgtacat
cgttaacatc
cocagaaaga
tggtggtaay
tgggagaaty
cacgatagge
ceccatcaaga
aaatgcacac
aacggeeagy
cotggattec
ctacaatggyg
agcagatgaa
caccacatat
aaatatagea
gtggagagag
tgaagacaat
agcaaagatyg
aggtagtgee
agaaggtgac
gycaagattt
gygcgecacctt
graggatooo
teacaaggtt
aaagagacta
cgaatttate
aagugtigac
tggttacgga
tacaattacc
aactoogita
agceaaggaag
ttgcagatct

IRREAVMESL
TTEWAMYELA
PLRHVHEDTV
AFGGGERVCA
PRIPSRPEPS
VATLDSHAGN
NWATTYQKVE
ENSEDNKSAL
SYQEGDHLGV
VELOQDPVTIRT
EFSEFIALLP
EGDTITCFIS
YFGCREPHED
GAHPYICGDG

ccattgttag
tgggcagega
gtatcatcta
aggaacttat
gattatgatg
aatgcacaga
ctteatgaat
caatotgagh
tacgttgaaqg
gatccaatyga
grtoocaaaca
atgaaatctt
tatatogatt
ttgtgggaac
tacgaattag
tgtggatoly
ttoeacgaaa
gaagataccg
tacggttgea
ttcatgaaaqg
agagtttgtyg
gttcaagagt
ctaactacac
ceaagtecta
aatactocat
gatctagetg
catgeaggta
cacccetecag
gttaagggty
cagaaggttc
gatcgtggty
cacatgtggt
aaaagtgcot
catggagoot
agaagtacac
catcttggtg
gggctggaty
ccactagega
gtcactagaa
gaacttoaay
accatgttag
gegttgtige
gagaaacagg
gaatacaagy
tgotttattt
attatggtag
caactasaay
cogeatgagy

IKEHKKRIAS
KNPKLQDRLY
LGGYHVPAGT
GSLOALLTAS
TEQSAKKVRK
LPREGAVLIV
AFIDEMLAAK
LLQEVDSAAD
IPRNYEGIVN
QLRAMAAKTV
SIRPRYYSIS
TPOSEFTLPK
YLYQEELENA
SOMAPAVEAT

gaaatctgtt
catatggace
atgagatage
ctaaageect
attatecataa
aaaagcatag
tegtgaaaaa
tattcoggett
acctgaaaat
tgggageaat
aaaagttcga
taatcaaaga
amcrtitate
caateatiga
ctaaaaacce
aaaagataac
cactgagaag
ttetaggegy
acatggacasa
agaatgagac
ctggttoctt
tcgaatggaa
asatgttaag
gtaccgaaca
tgetagttet
acatagotat
acttgccaag
ataatgegaa
ttagatactc
cggettteat
aggeogacge
ctgatgttge
tacttctteca
tttoaacgaa
gtcactigga
taatcoccaag
caagecaaca
agacagtato
cgeaattgayg
ctetacttga
aattgetygs
caagtatteg
catctattac
grtattgetto
ctactectea
ghcogggaac
aacagggaca
attacttata
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GEKLNSYIDY
RDIKSVCGSE
ELAVNIYGCN
IGIGEMVQEF
KAENAHNTPL
TASYNGHPPD
GAENTADRGE
MPLAKMHGAF
RVTARFGLDA
CPPHKVELEA
S8PRVDEKQA
DPETPLIMVG
QEEGTITLHT
LMKSYADVHQ

acaattgaayg
tatctatagt
caaggaggea
gaaagtactt
aacagttaag
aattcacaga
caaccecagaa
agctatgaga
cactatgaat
cgatgttgat
aaatactatt
goacaaaaay
tgaagotocas
atcttcagat
taaattgcaa
cgaagageat
acactcacca
ctaccatgtt
aaacgtitygg
aatitgatttt
geaageecett
actgaaggat
accattgaga
atctgcaaaa
ttatggtict
grtecaaggga
agaaggtget
geagttogte
tgtttttgga
cgatgaaatyg
aagogacygat
cgogiatttt
attegtegat
cgtagtageo
aattgaatta
aaactacgaa
gataagacta
cgttgaagaa
agetatggoa
aaaacaagea
aaaataccoyg
teccaggtat
cgtatetgtyg
caattatort
atcagaattt
aggagtogoe
aagtctgggt
ccaagaagaa

PCT/EP2015/070620

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1164

60
120
180
240
300
360
420
480
540
600
660
720
180
8§40
500
960

10240
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1880
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
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ctigaasacy
aaccagecga
cttttggata
gtigaagcea
cgtetttggt

cocaatcayga
aaacttacgt
agggegeoca
cottgatgas
tacaacaact

SEQ ID NO:104

MPRVPEVEGV
LVIRFQEIST
DIMMDNISTQ
RDEIFQVLVV
RIASGEKLNS
DRLYRDIKSY
PAGTELAVNI
LTASIGIGRM
KVBKEAENAH
VLIVTASYNG
LAAKGAENTIA
SAADMPLAKM
GIVNRVTARF
AKTVCPPHKV
YSISSSPRVD
TLPKDEETPL
LENAQSEGII
VEATLMKSYA

PLLGNLLOLK
RNLEKALKVL
LHEFVENNPE
DPMMGATIDVD
YIDYLLSEAQ
CGSEKITEEH
YGCHNMDENVW
VOEFEWKLKD
NTPLLVLYGS
HEPDNAKQFV
DRGEADASDD
HEGAFSTNVVA
GLDASQQIRL
ELEALLEKQA
ERQASITVEV
IMVGPGTGVA
TLHTAFSRMP
DVHQVSEADA

SEQ ID NO:105

atgccaagay
gagaaaaage
atcaagacty
ttggtgacea
acagcagata
agacacatac
gatatcatga
caggaagagyg
caageocettayg
agagacgaaa
tggagagact
caacaaatgt
agaatagegt
actttaaccq
acaacaatgy
gataggttgt
ctatcacago
gttecotatea
cetgetyggoa
gaasatcoay
caaaagacga
ttaactgeat
atgactcaag
getattatea
aaagttagaa
aatatyggaa
tttgceoccge
gttectaatag
gattgygttay
tgtggagata
cttgetgoaa
tttgaggyta
aatctagaca
agtgotgegy
agtaaggaac
ccaaaagagyg

tgoctgaagt
catacatgac
ggyctacaayg
gattcocaato
agacaatggt
tgacogeogt
tggataacat
tagacctiag
gaaaggatgt
tettteaagt
tettteocata
acatragaag
caggegaaaa
atcagcaact
teacaacaga
acagagacat
tgecttacat
tteotoetaag
cagaactige
aggaatoggaa
tygocttogy
ctattgggat
aggaagtgaa
aacctaggat
aaaaageaga
cageggaagy
aagtagoaac
ttacogotag
atcaageato
agaattgygygc
aaggggcetga
cotatgagya
tagaaaattc
acatgeectt
ttcaacaacc
catcctacea

aggtattate
acagcatgtt
cttetacatt
atcatatgea
agaggagaaa

EEKKPYMTFTR
TADETMVAMS
QEEVDLREKIF
WRDEFPYLEKW
TLTDQQLLMS
LSQLEYITAT
ENPEEWNPER
MIQEEVNTIG
NMGTAEGTAR
DWLDOASADE
FEGTYEEWRE
SKELQOPGSA
EAEEEKLAHL
YKEQVLAKRL
VEGEAWSGYG
PFRGEVQARK
NQPETYVQHY
RLWLOQLEEK

cecaggtgtt
ttttacgaga
tatggttgtyg
catatctaca
cgcaatgtea
cttgggtect
atctactcaa
aaaaatcttt
tgaaagttty
cettgttgtt
cetaaagtgy
agaagetgtt
gotaaatagt
attgatgtoc
atgggeaaty
taagtecgte
tacagctatt
acatgtacat
cgttaacate
coecagaaaga
tggtggtaag
tgggagaatg
cacgatagge
cocatecaaga
aaatgecacac
aacggoragyg
cotggattoo
ctacaatggy
agecagatgaa
caccacatat
aaatatagca
gtggagagag
tgaagacaat
ageaaagaty
aggtagtgee
agaaggtgac

accttgeata
atggagraayg
tgecggegacy
gatgttcate
gyaaggtatyg

WARTYGPIYS
DYDDYHKTVK
QSELFGLAMR
VEPNEKFENTI
LWEPIIESSED
FHETLRRHSP
FMEKENETIDF
LTTOMLRPLR
DLADIAMEKG
VEGVRYSVEG
HMWSDVAAYF
RSTRHLEIEL
PLAKTVSVEE
TMLELLEKYP
EYKEGIABNYL
QLKEQGQSLG
MEQDGRKLIE
GRYAKDVW

coatbgttag
tgggcagega
gtatcatcta
aggaacttat
gattatgatyg
aatgcacaga
cttecatgaat
caatetgagt
tacgttygaag
gatccaatga
gtooccaaaca
atgaaatott
tatatcgatt
ttgtgggaac
tacgaattag
tgtggatety
ttecacgaaa
gaagatacceyg
tacggtigea
tteatgaaaqg
agagtttgty
gtteaagagt
ctaactacac
cocaagtecta
aatactccat
gatctagetyg
catgeaggta
caccetecay
gttaagggtyg
cagaaggtte
gategtggty
cacatgtggt
aaaagtgeet
catgygagoct
agaagtacac
catettggty

ctgeatteag
atggtaagaa
gatocoaaat
aagtttcaga
caaaagatgt

IKTGATEMVV
RHILTAVLGP
QALGKDVESL
QOMYTRREAV
TTMVTTEWAM
VPIIPLRHVH
QRTMAFGGEK
AITKPRIPSR
FAPQVATLDS
CGDENWATTY
NLDIENSEDN
PKEASYQEGD
LLOYVELQDP
ACEMEFSEFI
AELQEGDTIT
EAHLYFGCRS
LLDKGAHFYT

gaaatebgtt
catatggace
atgagatagc
ctaaagccet
attatcataa
aaaageatay
togtgaaaaa
tattoggett
acctgaaaat
tgggageaat
aaaagttoga
taatcaaaga
accttttate
caatcattyga
ctaaaaaccc
aaaagataac
cactygagaay
ttetaggogy
acatggacaa
agaatgagac
ctggbtoctt
tegaatggaa
aaatgttaay
gtaccgaaca
tgctagttct
acatagetat
acttgooaay
ataatgogaa
ttagatactc
cggettteat
aggeocgacge
ctgatgttge
tacttcttca
tttoaacgaa
gtcacttgga
taatococaay
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tagaatgeca
gttaattygag
ggogeetgoo
ageggacgers
ttggtaa

VSSNEIAKEA
NAQEKHRIHR
YVEDLKITMN
MESLIKEHKK
YELAKNPKLQ
EDTVLGGYHY
RVCAGSLOAL
PSPSTEQSAK
HAGNLPREGA
QEVPAFIDEM
KSALLLQFVD
HLGVIPRNYE
VIRTQLRAMA
ALLPSIRPRY
CFISTPQSEF
PHEDYLYQEE
CEDGEQMAPA

acaattygaay
tatctatagt
caaggaggesa
gaaagtactt
aacagttaag
aattcacaga
caaccceagaa
agotatgaga
cactatgaat
cgatgttgat
aaatactatt
geacaaaaay
tgaagetoaa
atcttcagat
taaattgoaa
cgaagagoat
acactcacca
ctaccatgtt
aaacgtttgy
aattgattit
geaageoott
aotgaagygat
accattgaga
atctgcaaaa
ttatggttot
gtocaaggga
agasggtyet
gecagttegte
tgtttttgga
cgatgaaaty
aageygacgat
cgogtattit
attcgtegat
cgtagtagee
aattgaatta
aaactacgaa
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2540
3000
3060
3120
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60
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180
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480
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600
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720
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60
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300
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1560
1620
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1740
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1860
1820
1980
2040
2100
2160
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ggtatagbca
gaagcagaag
ttattgecaat
goaaagacty
tacaaagagc
geatgegaaa
tactecaattt
gtctectggag
geagaachtge
actcttooga
cetttcagag
gaggeacato
ctigaaagacy
aaccagocoya
cttttggata
gttgaagcorea
cgtetttgygt

atagggtaac
aagaasaatt
acgtggaatt
tttgtecace
aagtgetage
tyggaattcte
catcttcace
aagottggag
aggaaggygga
aggatocaga
getttgtgea
tatatttege
cocaatcaga
aaacttacgt
agggoegooea
cottgatgaa
tacaacaact

SEQ 1D NO:106

MPRVPEVPGEV
LVIRFQSIST
DIMMDNISTQ
RDEIFOQVLVY
RIASGEKLNS
DRLYRDIKSV
PAGTELAVNI
LTASIGIGRM
KVRKKAENAH
VLIVTASYNG
LAAKGRENTA
SAADMPLARM
GIVNRVTARF
AKTVCRPHEY
YSISSEPRVD
TLPKDPETPL
LENAQSEGIT
VEATLMKSYA

PLLGNLLQLK
BNLSKALKVL
LHEFVENNPE
DEMMGAIDVD
YIDYLLSEAQ
CGSERITEEH
YECNMDENVH
VQEFEWKLKD
HTPLLVLYGS
HPPDNAKQFEV
DRGEADASDD
HGAFSTNVVA
GLDASQQIRL
ELEALLEKQA
EKQASITVEV
IMVGPGTGVA
TLHTAFSRMP
DVHQVSEADA

SEQ ID NO:107

atggectacct
getttgtett
caagetaaat
caatigaaaq
atctactcta
asagaagoeta
aaaatttiga
atgatcaaga
tetaacagag
tetocaagay
ttgaaacaay
acttitgtcca
gaagttgatt
actaagatcc
caaaagaaaa
gaaggtaaga
actgetygata
aaaagacasy
gaagaatact
cattoctecag
tattacattc
caccaatggy
ccaatggact
ttacaagcta

tgttggaaca
ggtbgtttet
tgceaccagt
aaaagaagoo
ttagaactgg
tggttaccag
cogetgataa
gatatatoelbt
atacctigag
aagetgtoeaa
cottoggtaa
gagatgaaat
ggagagattt
aaagattata
gaattgeote
cettgaccat
ccacaatyggl
acagattata
tgtoocastt
ctgotitggt
cageeggtac
aatctocaga
tgtacaaaac
tgtigattge

ggcaagattt
ggcgeacctt
geaggatooe
tcacaagghbt
aaagagacta
cgaatttate
aagggbtgac
tggttacgga
tacaattaco
aactoogtta
agcaaggaaqg
ttgcagatot
aggtattate
acagcatgtt
cttoctacatt
atcatatgcea
agaggagaaa

EKKPYMTEFTR
TADKTMVAMS
QEEVDLRKIF
WRDFFPYLKW
TLTDQOLLMS
LSQLPYITAI
ENPEEWNPER
MTQEEVNTIG
NMGTAEGTAR
DHLDOQASADE
FEGTYEEWRE
SKELQOPGSA
EAEEEKLAHL
YREQVLAKRL
VSGEAWEGEYG
PFRGEVQARK
NQPKTYVQHV
RLWLOQLEEK

ttttcaaget
gttetacate
tcecagttgtt
ataccaaacc
tgettoetact
atacttgtet
gtgecatggtt
gtctaacgtt
agccaacgtt
ctttagaaga
ggatattgaa
cttocaaggth
ttteoccatac
ctttagaaga
cggtgaagas
ggaccaaate
tactactgaa
coaagagato
geecatacttyg
tecattgaga
tgaaatigeo
agaatggaaqg
ratggotott
ttgtocaace

gggctggatg
ccactagega
gtcactagaa
gaacttgaag
accatgttag
goegttgttge
gagaaacagyg
gaatacaagy
tgetttattt
attatggtag
caactaaaaqg
cegeatgagyg
accttgeata
atggageaag
tgcgycgacy
gatgttecate
ggaaggtaty

WAATYGPIYS
DYDDYHKTVK
QSELFGLAMR
YVPNKKFENTI
LWEPIIESSD
FHETLRRHEP
FMEENETIDF
LTTQMLRPLR
DLADIAMSREG
VKGVRYSVFG
HMHUSDVARYFE
RETRHLEIEL
PLAKTVEVEE
TMLELLEKYP
EYKGIASNYL
QLEEQGQSLG
MEQDGKKLIE
GRYAKDVA

atgecatteg
aaggtitett
coaggtityge
ttecactagat
atggtrgtet
atctctacca
gecatttctg
ttgggteocat
tgttctagat
gttttegaat
aagocaatet
ttggtettygg
trtgogttaga
aaggoegtta
atcaactget
tetatgtigt
tgggctatgt
caasgaggtot
aatgetgttt
tatgoteatg
attaacatct
ccagaaagat
ggtgctggta
atcggtagat

caagoeaaca
agacagtatc
cgeaattgag
ctectacttyga
aattgetgga
caagtattcyg
catctattac
gtattgettc
ctactoctea
gtocgggaac
aacaggyaca
attacttata
ctgratteag
atggtaagas
gatcocaaat
aagtttoaga
caagagatyt

IKTGATSMVY
RHILTAVLGP
QALGKDVESL
QUMYIRREAV
TTMVTTEWAM
VPIIPLRHVH
QETMAFGGGK
ATIKPRIPER
FAPQVATLDS
CGDENWATTY
NLDIENSEDN
PKEASYQEGD
LLOYVELQDP
ACEMEFSEFI
AELQEGDTIT
EAHLYFGCRS
LLDKGAHFYI

ctattccaat
tectictocaa
cagttattygg
gggctgaaga
tgaacactac
gaaagtigte
attacaacga
ctgeocaaaa
tgcatteccea
gggaattatt
acgtocgaaga
acattatyggs
ttecaagoac
tgaccgectt
acatcogattt
tgtgggaaac
acgaagttge
goggttotyga
tocacgaaac
aagatactcs
acggttgcaa
ttttggatec
aaagagttiyg
tgattecaaga

895

gataagacta
cgttgaagaa
agctatggea
adgaacaagea
aaaatacccy
toccaggtat
cgtatotgty
caattatctt
atcagaattit
aggagtegeo
aagtctgggt
ccaagaagaa
tagaatgeea
gttaattgayg
ggoegoectgeo
ageggacgeo
tgettaa

VESNETAKEA
NAQKEHRIHR
YVEDLEKITMN
MESLIKEHKE
YELAKNPKLO
EDTVLGGYHV
RVCAGSLOAL
PESPETEQSAK
HAGNLPREGA
QEVPAFIDEM
KSALLLQFVD
HLGVIPRNYE
VTRTQLRAMA
ALLPSIRPRY
CFISTPOREYR
PHEDYLYQEE
CEDESOMARA

tgetttgget
caaatcoget
taatttgttyg
atatggtcea
teaagtigoeo
caacgeottg
tttecacaaqg
aagacataga
agttaagaac
cyggtateget
attgggtact
aggtgooatt
cagaatggasa
gattaacgaa
cttgttgaaa
cgttattgas
taaggattcet
aatggttaca
tttgagaaas
attgggtggt
catggacaaa
taagtttgac
cgotggtict
atttgaatgg
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3120
3177

60
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aagttgagag
tatccaatge
caatotgoaa
ctttatggtt
atgtccaagy
agagaaggtyg
aagcagtteg
totgttttty
atecgatgaaa
geaagegacy
geecgegtatt
caattegteg
aacgtagtag
gaaattgaat
agaaactacy
cagataagac
tecgttgaag
agagotatgy
gaaaaacaaqg
gaaaaatacc
cgtoocaggt
accgtatotyg
tecaattate
caatcagaat
acaggagteyg
caaagtetyy
taccaagaay
agtagaatge
aagbtaatty
atggogecty
gaagcggacy
gttiggtaa

atggtgaaga
atgctatttt
aaasagttag
ctaatatyggyg
gatttgecceoe
ctgttctaat
tegattggtt
gatgtggaga
tgottgetyc
attttgagygy
ttaatctaga
atagtgetge
ccagtaagga
taccaaaaga
aaggtatagt
tagaageaga
aattattgea
cageaaagac
catacaaaga
cggeatgega
attactcaat
tggtetetygg
ttgeagaact
ttactettec
cooetttcag
gtgaggcaca
aacttgaaaa
caaaccagec
agettttgga
cecgttgaage
cecgtetttg

SEQ ID NO:108

MATLLEHFQA
QLEEKKPYQT
KILTADECMV
SPREAVNFRR
EVDWRDFFRY
EGKTLIMDQI
EEYLSQLPYL
HQWESPEEWK
KLRDGEEENV
LYGSNMGTAE
EQEVIDWLDQA
ASDDFEGTYE
NVVASKELQQD
QIRLEAEEEK
EKQAYKEQVL
TVSVVSGEAW
TGVAPFRGEV
SRMENQPKTY
EADARLWLOO

MPFAIPIALA
FTRWAEEYGP
AISDYNDFHK
VFEWELFGIA
LEWIPNTRME
SMLLWETVIE
NAVFHETLRK
PERFLDPEFD
DTVGLTTHKR
GTARDLADIA
SADEVKGVRY
EWREHMWEDY
PGSARSTRHL
LAHLPLAKTV
AKRLTMLELL
SGYGEYKGIA
QARKQLKEQG
VOHVMEQDGK
LEEKGRYAKD

SEQ ID NO:109

atggetacet
getthgtett
caagetasatl
caattygaaag
atctacteta
aaagaageta
aaaattitga
atgatcaaga

tgttggaaca
ggttgttttt
tgeccaccagt
agaagaagec
ttagaactgg
tggttacoay
cegetgataa
gatatatett

agaaaacgtt
gaagocaaga
aaaaaaagca
aacagcyggaa
graagtagea
agttaccget
agatcaagea
taagaattygy
aaaagggget
tacctatgag
catagaaaat
ggacatgeoo
acttcaacaa
ggeatcectac
caatagggta
agaagaaaaa
atacgtggaa
tgtttgteea
graagtgeta
aatggaatte
tteatettea
agaagotigy
geaggaaggy
gaaggatoosa
aggetttgtyg
tetatattte
cgoccaatea
gaaaacttac
taagggegeo
cacctigaty
gttacaacaa

ALSWLFLFYI
IYSIRTGAST
MIKRYILSNV
LEQAFGKDIE
TKIQRLYFRR
TADTTMVTTE
HSPAALVPLR
PMDLYKTMAF
YPMHAILKPR
MSKGFAPQVA
SVFGCGDENW
AAYFNLDIEN
EIELPKEASY
SVEELLQYVE
EEYPACEMEF
SNYLAELQEG
QSLGEAHLYF
KLIELLDKGA
VW

tttteaagot
ghttctacatc
tcecagttgtt
ataccaaace
tgcttetact
atacttgtot
gtgeatggtt
gtctaacgtt

gatactgtty
tetecatcaa
gaaaatgeac
ggaacggceca
accctggatt
agctacaaty
tcageagatyg
gocaccacat
gaaaatatag
gagtggagag
totygaagaca
ttagcasaga
ceaggtagty
caagaaggty
acggeasgat
ttggegeace
ttgeagygato
cotcacaagyg
geaaagagac
toocgaattta
coaagyytty
agtggttacy
gatacaatta
gaaactceegt
caageaagyga
ggttygcagat
gaaggtatta
gtacageatg
cacttetaca
aaatcataty
ctagaggaga

KVSFFSNKSA
MVVLNTTQVA
LGPSAQKRHR
KPIYVEELGT
KAVMTALINE
WAMYEVAKDS
YRHEDTQLGG
GAGKRVCAGS
SPSRPSESTE
TLDSHAGNLE
ATTYQRVPAF
SEDNESALLL
QEGDHLGVIPE
LODEVIRTQL
SEFIALLPSI
DTITCFISTP
GCREPHEDYL
HEYICGRGSQ

atgeceatteg
aaggtttett
ccaggtttyge
tteactagat
atggttgtet
atctetacca
gecatttoty
ttgggtecat

gtttgaccac
gaceaagtec
acaatactcee
gggatctagce
cecatgeaqg
ggcaccotee
aagttaagygy
atcagaaggt
cagatogtygy
ageacatgty
ataasgagtge
tgcatggage
cecagaagtac
accatcttgg
ttgggctgga
ttocactage
cogteactay
ttgaacttga
taaccatgtt
togogttgtt
acgagaaaca
gagaatacaa
cetgetttat
taattatggt
agcaactaaa
ctocgoatga
teaccttgea
ttatggagea
tttgcggega
cagatgtica
aaggaaggta

QAKLPRPVEVV
KEAMVTRYLS
SNEDTLRANV
TLSRDEIFRV
QRKRIABGEE
KRQDRLYQET
YYIPAGTEIA
LOAMLIACPT
QEARKVRKRKA
REGAVLIVIA
IDEMLARKGA
QFVDSABDMP
RNYEGIVNRV
RAMBAKTVCP
RPRYYSISSS
QSEFTLPKDP
YQEELENAQS
MAPAVEATLM

ctattocaat
tettetecaa
cagttattgyg
gggctgaaga
tgaacactac
gaaagttgtc
attacaacga
ctgoccaaaa

96

ccataagaga
tagtaccgaa
attgectagtt
tgacataget
taacttgcea
agataatgcg
tgttagatac
teoggettte
tgaggoecgac
gtotgatgtt
cttacttett
cttttcaacy
acgtcacttyg
tgtaatccea
tgecaagecaa
gaagacagta
aacgraattyg
agetetactt
agaattgcty
gocaagtatt
ggeatetatt
gggtattget
ttctacteet
aggteocggya
agaacaggga
ggattactta
tactgeatte
agatygtasay
cggatooccaa
teaagtttea
tgeaaaagat

PGLPVIGNLL
ISTRELSNAL
CSRLHSQVEN
LVLDIMEGAIX
INCYIDFLLK
QEKVCGBEMVT
INIYGCNMDK
IGRLVQEFEW
ENAHNTPLLV
SYNGHPPDNA
ENIADRGEAD
LAKMHGAFST
TARFGLDAEQ
PHEVELEALL
PRVDEKQAST
ETPLIMVGPG
EGIITLHTAF
KSYADVHOQVS

tgetttgget
caaatecget
taatbtgtty
atatggteca
tecaagttgee
caacgeotiy
ttteocacaay
aagacataga
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1500
1560
1620
1680
1740
1800
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2040
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2340
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2580
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2760
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3120
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1020
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60
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180
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300
380
420
480
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tetaacagag
tetecaagay
Ltgaaacaay
actttgtoea
gaagttgatt
actaagatec
caaaagaaaa
gaaggtaaga
actgetgata
aaaagacaaqg
gaagaatact
cattetocag
tattacattc
caccaatggy
ccaatggact
ttacaageta
aagttgagag
tatccaatge
caatotgoaa
ctttatggtt
atgtecaagy
agagaaggty
aageagtlicyg
totgtttttyg
atcgatgaaa
goaagogacy
googeghatt
caattogteg
aacgtagtag
gaaattgaat
agaaactacg
cagataagac
tecgttgaag
agagetatgg
gaaaaacaag
gaaaaataco
cgteccaggt
accgtatctyg
toccaattatc
caatcagaal
acaggagtog
caaagtotgy
taccaagaag
agtagaatgc
aagttaatltyg
atggegecty
gaageggacy
gttgecttaa

ataccttgay
aagcetgtaeaa
cetteggtas
gagatgaaat
gyagagattt
aaagattata
gaattgocte
cettgaceat
ccacaatgyt
acagattata
tgtoccaatt
ctgetttggt
cagooggtac
aatcteccaga
tytacaaaac
tgttgatige
atggtygaaga
atgotatttt
aaaaagtliag
ctaatatggy
gatttgeooco
ctgttotaat
tegattggtt
gatgtggaga
tgettgetge
attttgagyy
ttaatctags
atagtgotge
cecagtaagyga
taccaaaaga
aagygtatagt
tagaagcaga
aattatitgoa
cageaaagac
catacaaaga
cggeatygoga
attactecaat
tggtetetgyg
ttgeagaac

ttactottee
cocotttoag
gtgaggcaca
aactigasaa
caaaccagee
agottttgga
coegttgaago
ceegtettty

SEQ ID NO:110

MATLLEHEQA
QLKEKKPYQT
KILTADKCMV
SPREAVNERR
EVDWRDFEPY
EGKTLEPMDQIL
EEYLBQLPYL
HOWESPEEWK
KLRDGEEENV
LYGSNMGTAE
KQFVDWLDQA
ASDDFEGTYE
NVVASKELQQ
QIRLEAEEEK
EKQAYKEQVL

MPFATIPIALA
FTRWAEEYGP
ATSDYNDFHE
VEFEWELEFGIA
LEWIPNTRME
SMLLWETVIE
NAVEFHETLRK
PERFLDPKFD
DIVGLTTHKR
GTARDLADIA
SADEVKGVRY
EWREHMWSDV
PGSARSTRHL
LAHLPLAKTV
AKRLIMLELL

agecaacght
ctitagaaga
ggatattgaa
cttcaagght
tttceccatac
ctttagaaga
cyggtgaagaa
ggaccaaatc
tactactgaa
coaagaaate
gecatacttg
tccattgaga
tgaaattgeo
agaatgygaayg
tatggotttt
ttgtccaaco
agaaaacgtt
gaageraags
aaaaaaagea
aacagoggaa
geaaghagea
agttacogot
agatcaagea
taagaattgy
aaaagggget
tacctatgag
catagaaaat
ggacatgeee
acttcaacaa
ggeatectac
caatagggta
agaagaaaaa
atacgtggaa
tgtttgtcea
geaagtgcta
aatggaatic
ttcatcttea
agaagcttyg
geaggaaggg
gaaggatcea
aggetbtgtyg
totatattte
cgcocaatea
gaagacttac
taagggegec
caccttyatyg
gttacaacaa

ALSWLFLFYI
IYSIRTGAST
MIKRYILENV
LEQAFGKDIE
TRIQRLYFRR
TADTTMVTTE
HSPAALVPLR
PMDLYKTMAF
YPMHAILKPR
MSKGFAPQVA
SVFGCEDKNE
ARYFNLDIEN
EIELPKEASY
SVEELLQYVE
EXKYPACEMEF

tgttetagat
gttttegaat
aagocaatot
ttggtettygg
ttgegttgya
aaggeogtta
atocaactgob
tetatgtigt
tgggetatgt
caaaaggtet
aatgetgtit
tatgotoatyg
attaacatct
cragaaagat
ggtgctyggta
atcggtagat
gatactgtng
totecatoaa
gaaaatgcac
ggaacggeea
accctggatt
agctacaatg
teageagaty
gecaccacat
gaaaatatag
gagtggagag
totgaagaca
ttageaaaga
ceaggtagtyg
caagaaggtyg
acggeaagat
ttggogeace
ttgeaggate
ceteacaaygy
geaaagagac
tecgaattta
cecaagggttyg
agtggttacy
gatacaatta
gasactoogt
caagoaagga
ggttgoagat
gaaggtatta
gtacagcatyg
cacttctaca
aaatcatatyg
ctagaggaga

KVSFFSNKSA
MYVLNTTQVA
LGPSAQKRHR
KPIYVEELGT
KAVMTALINE
WAMYEVAKDS
YAHEDTQLGG
GAGERVCAGS
SPSRPSPSTE
TLDSHAGNLE
ATTYQKVPAF
SEDNKSALLL
QEGDHLGVIP
LODEPVIRTQL
SEFTALLPST

tgcattocea
gggaattatt
acgbcgaaga
acattatgga
tteccaaacac
tgacogoott
acatcgatit
tgtgoggasaac
acgaagttyge
gogattotga
tecacgaaac
aagatactea
acggttgeaa
trtiggatee
aaagagtttg
tggttcaaga
gtittgaccao
gaccaagtoc
acaatactec
gggatotage
ceceatgeagg
gycaccotoe
aagttaaggy
atcagaaggt
cagategtygy
agracatytyg
ataaaagtgo
tgcatggage
ccagaagtac
accatcttgg
ttgggetgga
ttccactage
cogteactag
ttgaacttga
taaccatgtt
togegttgho
acgagaaaca
gagaatacasa
cotgotttat
taattatggt
agcaactaaa
ctoogeatga
teacottgos
ttatggagea
tttgeggeyga
cagatgttca
aaguaaggta

QAKLPEVEVV
KEAMVTRYLS
SNRDTLRANV
TLSRDEIFKV
QEERIASGEE
KRODRLYQETI
YYIPAGTEIA
LOAMLIACPT
QSAKKVREKA
REGAVLIVTA
IDEMLARKGA
QFVDSAADMP
RNYEGIVNRV
RAMAAKTVCE
RPRYYSISSS
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agttaagaac
cggtatoegot
attgggtact
aggtgeeatt
cagasatyggaa
gattaacgaa
cttgttgaaa
cgttattgaa
taaggattet
gatggttaca
tttgagaaaa
attgggtygt
catggacaaa
taagtttgac
cgotggttot
atttgaatgg
ccataagaga
tagtaccgaa
attgctagtt
tgacataget
taacttgoca
agataatgog
tgttagatac
tecoggettto
tgaggoegac
gtotgatgtt
cttactteott
ctitteaacy
acgteacttyg
tgtaatccea
tgcaagoeaa
gaagacagta
aacygcaattyg
agetetactt
agaattgotyg
gocaagtatt
ggcatetatt
gugtatbgot
ttotactoct
aggteecggga
agaacaggga
ggattactta
tactgeatic
agatggtaag
cggatcoccaa
teaagtittea
tgcaaaagat

PGLPVIGNLL
ISTREKLENAL
CSRLHSQVKN
LVLDIMEGAI
INCYIDFLLK
QEVCGEEMVT
INIYGCNMDK
IGRLVQEFEW
ENAHNTPLLV
SYNGHPPDNA
ENIADRGEAD
LAKMHGAFET
TARFGLDASQ
PHEVELEALL
PRVDEKQAST
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540

600

660

720

780

840

900
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1020
1080
1140
1200
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1500
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1620
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3300
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&0
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TVSVVSGEAW

SGYGEYKGIA

TGVAPFRGFV QARKQLKEQG

SRMPNQPKTY
EADARLWLQOQ

VQHVMEQDGK
LEEKGRYAKD

SEQ ID NO:111

atggttocag
caaasccttea
tetactatgg
ttgtctatet
atggttgcea
sacgtittygg
aacgtttgtt
agaagagttt
attgaaaage
asgygttttygg
ccatacttge
agaagaaagy
gaagaaatca
caaateoteta
actgaatggg
gaaatceaaa
tacttgaaty
ttgagatatg
attgocatta
tggaagecag
gottttggtg
ccaaccatey
aacgttgata
ccaagatcote
aaageagaaa
geggaaggaa
gtagcaacee
acogotaget
caagcatcag
aattgggeea
ggggctgaaa
tatgaggagt
gaaaattcty
atgcccttag
caacaaccag
toctaceaag
agggtaacgy
gaaaaattgyg
gtggaattge
tgtecaccto
gtgotagesa
gaattctoeyg
tetteaccaa
gettggagty
gaaggggata
gatccagaaa
tttgtygcaayg
tattteggtt
caatcagaag
acttacgtac
ggogooocact
ttgatgaaat
caacaactag

gtttgccagt
ctagatgggce
ttgtettgaa
ctaccagaaa
tttetgatta
gteecatetge
ctagattgea
togaatyggga
caatetacgt
tettggacat
gttggattece
cecgttatgac
actgectacat
tgttgttgtg
ctatgtacga
aggtetgegy
ctgtitteca
ctecatgaaga
acatctacyg
aaagattttt
ctggtaaaag
gtagattggt
ctgttggbtt
catcaagacc
atgcacacaa
cggeeaggga
tggattocoea
acaatgggea
cagatyaagt
ccacatatca
atatagcaga
gyagagagea
aagacaataa
caaagatgea
gtagtgecayg
aaggtgacca
caagatttgy
cgeacettor
aggatooegt
acaaggtiga
agagactaac
aatttatcge
gggttgacga
gttacggaga
caattacety
ctecegttaat
caaggaagea
geagatotoo
gtattatcac
agcatgttat
totacatttyg
catatgcaga
agygagaaagy

SEQ ID NO:112

MVEGLEPVIGN

LLOLEEKKPY

LEISTREKLSN ALKILTADKC

SNYLAELQEG
QSLGEAHLYF
KLIELLDKGA
VA

tattggtaat
tgaagaatat
cactactcaa
gttgtccaac
caacgatttc
ccaaaaaaga
ttecocaagtt
atbattogyt
cgaagaatty
tatggaagyt
aaacaccaga
cgeettgatt
cgatttettg
gyaaacogtt
agttgctaag
ttetgaaaty
cgaaactity
tactcaattyg
ttgoaacaty
ggatcetaag
agttigeget
tcaagaattt
gaccacecat
aagtcectagt
tactccattyg
totagotgac
tgcaggtaac
cecctecagat
taagggtgtt
gaaggttocy
tegtggtgag
catgtggtet
aagtgcctta
tggageettt
aagtacacygt
tettggtgta
gotggatgea
actagogaag
cactagaacy
acttgaagct
catgttagaa
gttgttgcea
gaaacaggea
atacaagygt
ctttatttoet
tatggtaggt
actaaaagaa
geatgaggat
cttgecatact
ggagcaagat
cggegacgga
tgtteatcaa
aaggtatgea

QUFTRWAERY
MVAISDYNDF

DTITCFISTP
GCRSPHEDYL
HEYICGDGSQ

ttgttgeaat
ggtocaatet
gttgccaaaqg
geottgasaa
cacaagatyga
catagatcta
aagaactcte
atcgetttga
ggtactactt
gocatigaagy
atggaaacta
aacgaacaaa
ttgaaagaaqg
attgaaacty
gattctaaaa
gttacagaay
agaasacatt
ggtggttatt
gacaaacace
tttgacceas
ggttetttac
gaatggaagt
aagagatatc
accgaacaat
ctagttottt
atagctatgt
ttgeoaagay
aatgcgaage
agatactoty
gottteateyg
googacgeaa
gatgttgeoy
cttettcaat
teaacgaacy
cacttggaaa
atcocaagaa
agcoaacaga
acagtatceyg
caattgagag
ctacttgasaa
ttgotyggasaa
agtattogto
totattaceg
attgecttoca
actootcaat
cocgggaacay
cagggacaaa
tacttatacc
geattoagta
ggtaagaagt
tecocaaatgg
gtttcagaay
aaagatgtty

GPIYSTIRIGA
HEMIKRYILS

QEEFTLPKDP
YQEELENAQS
MAPAVEATLM

tgaaagaaaa
actctattag
aagotatggt
ttttgacege
teaagagata
acagagatac
caagagaage
gacaagocett
tgtecagaga
ttgattggag
agatccaaag
agaaaagaat
gtaagacctt
ctgataccac
gacaagacag
aatacttgtce
ctoecagetge
acattccage
aatgggaatc
tggacttgta
aagetatgtt
tgagagatgy
caatgecatyge
ctgoaaaaas
atggttotaa
ccaagggatt
aaggtgetgt
agttegtega
tttttggaty
atgaaatget
gegacgattt
ocgtattttaa
tegtegatag
tagtageccag
ttgaattacc
actacgaagqg
taagactaga
ttgaagaatt
ctatggeage
aacaagcata
aatacoogge
coaggtatta
tatctgtggt
attatettge
cagaatttac
gagtcgocee
gtctgggtga
aagaagaact
gaatgccaaa
taattgaget
cgectgocgt
cggacgoneyg
cttaa

STMYVLINTTQ
NVLGPSAQKR

98

ETPLIMVGPG
EGIITLHTAF
KEYADVHQVS

gaagceatac
aactggtget
taccagatac
tgataagtge
tatcttgtet
cttgagagec
tgtcaacttt
cggtaaggat
tgaaatcttc
agattrrtto
attatacttt
tgectoogygt
gacocatggac
aatggttact
attataccaa
ceaattgoca
tttggtteea
cggtactgaa
tecagaagas
cagaactaty
gattgettgt
tgaagaagaa
tattttyaag
agttagasaa
tatgggasaca
tgececcgeaa
tetaatagtt
trtggttagat
tygagataag
tgotgeaaas
tgagggtacc
tetagacatsa
tgotgeggac
taaggaactt
aaaagagygcea
tatagtcaat
agcagaagaa
attgcaatac
agagactgtt
caaagagceaa
atgocgaaaty
ctcaatttca
ctetggagaa
agaactgeag
tettocgaag
ttteagagge
ggcacatceta
tgaaaacgor
cocageccgasaa
tttggataayg
tgaagccacc
totttggtta

VAKEAMVTRY
HESNRDTLRA
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1020
1080
1102

60
120
180
240
300
360
420
480
540
600
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720
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840
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960

1020
1080
1140
1200
1260
1320
1380
1440
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1560
1620
1680
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18060
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3165

60
120
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NVCSRLHSQV
KVLVLDIMEG
EEINCYIDFL
EIQRVCGSEM
IAINIYGONM
PTIGRLVQEF
KAENAHNTPL
TASYNGHPPED
GAENIADRGE
MPLAKMHGAT
RVTARFGLDA
CPPHRVELEA
SSPRVDEKQA
DPETPLIMVEG
QSEGIITLHT
LMESYADVHO

KNSPREAVNFE
ATEVDWRDTE
LEKEGKTLTMD
VTEEYLSQLP
DEHQWESPEE
EWKLRDGEEE
LVLYGSNMGT
NAKQEVDWLD
ADASDDFEGT
STHNVVASKEL
SQQIRLEAEE
LLERQAYKEQ
SITVSVVEGE
PGTGVAPFRG
AFSPMPNQPK
VSEADARLWL

SEQ ID NO:113

atgaccagtt
ctgttattea
ctttecttea
geaagacgac
cattttatca
gyaaacgttc
agebtgastt
caaccgtgge
ttcactattt
aattcaaaca
ctgtactatt
teccttattag
caaaaaggat
gaaatttcoco
gtotggeaga
aatgteatat
agaacoggty
atatoraaac
aatgaatitt
atcaatttat
caaagaaaaa
tacagtectt
cltaaagaaay
gaaattatag
gtatacgeta

tgtccaaaaqg
cactacttte
cggtgacact
atggaggaag
ttgeatettt
tgaaaaataa
ceaatcaaat
aattecgtget
tageceattea
cgtggattat
tgtateggat
gacttgtttt
cegteataga
ceasattage
aacatcaaay
tgasaaatge
attttcatga
cattttggaa
gtcaagttac
getttagagt
atgacaaaca
geatattaat
acctgtgeat
tagatteatyg
cagaattaat

SEQIDNO:114

MTSLESKSFMQ
ARRHGGRLYI
SLNSNQINYV
NENTWIISSL
QKGBVIESSL
NVILKNAEVL
NEFCQVTIKM
YSPUILIAMY
VYATELIGSEG

SGRICARCEY
FETSCLYYSQ
LYYYYYREVV
LTSGGVITAS
FFAYIVRCIY
WESFIPRGRK
ASESBVEPAIV
THLILQYSGE

s

SEQ ID NO:115

agatctttat
tgatatatca
tgttcactea
gaaaatottt
gttttttgtt
aatttcecett

gaagacataqg
gatgatceoceg
cagoggtioo
taactagtaa
ghgactgogt
caacatottt

RRVFEWELFG
PYLRWIPNTR
QISMLLWETV
YLNAVFHETL
WKPERFLDPK
NVDTVGLTTH
AEGTARDLAD
QASADEVEGY
YEEWREHMWS
QOQPGSARSTR
EELAHLPLAK
VLAKRLTMLE
AWSGYGEYKG
FVQARKQLKE
TYVOHVMEQD
QULEEKGRYA

ctteatgeag
aattccaate
gttractitta
actatacatt
getatacctg
atataatgag
taactacgte
taccaagteo
ggccgteyggy
tteoteattyg
ttatgteoace
gtctatggta
gagectettta
tactaccgeg
aaatctgeec
agaggtgtta
taaactcatt
atfttttcaag
aattaagaty
tetgatgttt
gitgegeaag
tgotatgtat
atggggttge
gggattttyg
aggttctggt

LLFTLLSIPI
HFITASLLYL
QPHQFVLTKS
LYYLYRIYVT
EISPKLATTA
KTGDFHDKLI
INLCFRVLMF
LEEDLCIWGC

ctgragaagsa
atttaaacqga
gegaggeegt
aaaaacatee
tgattatgeg
coadactoge

IALKQAFGKD
METRIQRLYF
IETADTTMVT
REHSPAALVP
FDPMDLYRTM
KRYPMHATILK
IAMSKGFAPQ
RYSVFGUGDK
DVAAYENLDI
HLEIELPEEA
TVSVEELLQY
LLERYPACEM
IASNYLAELQ
QGOSLGEAHL
GRKLIELLDK
KDVA

agtggacgaa
tegtttaaaqg
tattteatas
ttttttacca
ttittgtetyg
teggagtogt
ttatattatt
acaccttttt
gaaactaata
ttaacctoey
ceccatatgyge
tgtggactgy
ttttttgegt
actyatgaaa
acagotgaca
tgggggtect
agecattotat
aattteacct
goaagegaat
tactoggoaa
agtogoayga
actcacolga
agtgaaaagt
aactggtgea
agttga

SFRVGGLECS
FLSGFENDEL
TPFFTLEEGE
PIWPLSIQTA
TDEILNLEKD
SILSPEKVSL
YSARTRIIPAL
SERWFGVDQP

aaaagcaaga
cagettacga
ggagatttta
ceecttggega
ctagaactge
gtataactgt

IEEPIYVEEL
RREAVMTALI
TEWAMYEVAK
LRYAHEDTQL
AFGAGKRVCA
PRSPSRPEPS
VATLDIEHAGN
NWATTYQKVP
ENSEDNKSAL
SYQEGDHLGV
VELQDPVTRT
EFSEFIALLP
EGDTITCFIS
YEGCREPHED
GAHEYICGDG

tetgegeage
ttggtgygttt
ctacgactot
actgtectgta
gattttotas
tectggaage
actactatoyg
ttactctate
gatgogttate
gaggtgtygat
cgttatocat
ggttgtatgyg
atattgticg
ttttaaattt
atctitttgty
ttattoctag
cattogaaaa
ttagtgttoo
cagtttcceo
cgaggattat
teatgaaggy
ttttacaata
ggtttggegt
acattttctyg

LEFTVILFTL
GNVLENKYNE
FTILAIQAVG
SLLGFVLSMV
VWORHQRNLP
ISKPFWKFEFK
QRENDEQLRK
EIIVDEWGEEW

gotacatate
tttttacgag
aaagatgaca
atgoaaacyga
agtgacaaga
attcaccteo

99

GTTLERDEIF
NEQRKKRIASG
DSKRQDRLYQ
GEYYIPAGTE
GSLOAMLIAC
TEQSAKKVRK
LPREGAVLIV
AFIDEMLAAK
LLQEVDSAAD
IPRNYEGIVN
QLRAMAAKTV
SIRPRYYSIS
TPQSEFTLPK
YLYQEELENA
SOMAPAVEAT

atgtttotat
ggaatgegygg
taacgbgttg
ttactcacaa
tgatgagttyg
tttgaaaaatl
atttgttgta
guaaggLtibt
aaatgactty
taccgeateg
ceaaacygeg
tattgtgagt
ttgtatttat
gLbcanagac
ctacttbcat
aggaagaaag
agtatoctty
gotatocatt
agotatagts
tocageatta
attgtattgg
troaggtyay
agatcaacca
tactatittyg

YEITTTLNVL
SESFLEALKN
ETNRWLSNDL
COGLGLYGIVE
TADNLLCYFH
NETFSVPLST
SRRIMKGLYW
NWCNIFCTIL

aatggttaat
aaagagagat
gagacaggaa
aaggagggat
aacaacctit
aatagattca
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240
300
360
420
480
540
600
660
T20
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840
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240
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300
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60
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300
360
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cecggttgecea
agtttaactt
acatttatat
totgaaagta
tecttegtatt
ctetttteta
attatgttaa
actoctgttas
tttctagtta
gaacgtteat
aagegatttt
tgcecaatgat
ataaagaaaqy
ttgaaagogy
aaggtatggt
gecaaggaac
tttgtacgtt
cgetaattge
acttatottt
gecagacaatc
tcagccaaaa
tecaagettty
tegtgtaacy
ctttgataaa
atttacaage
ctteagteoag
tgttesaaay
acgtttaacy
cogagatcag
caagoctgeaqg
agaagatatce
cggtgaacas
tgagcecgett
cgaaacaaca
attacaaasa
acaagtcaaa
aactgeteot
tttagaaaaa
ttggggagac
geagcatgeg
tettecatgaa
tacaaactac
aazagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtegae
atttggatyge
tgaaacgett
cgacgacttt
ctactttase
tgtogacage
cgtagcaage
tgaacttceca
ctatgaagga
coghtotggaa
agaagagcett
aatggctget
geaagootac
ataccoggeg
gogetattac
cagegtigte
ctatettgeo
agaatttacy
cgtegegeey
acttggagaa

gtgecceatt
cttgttocaa
cttettettt
attetteotaa
ctataactct
tttocacgtt
tagaggggat
ttacctttaa
tetttttact
teegtttttyg
ttetgetteg
tgcagagaat
cettygtaaat
tetggoasac
gacatttact
ttttttaacs
ctteagagaa
tattttattt
aactgatgaa
atgaaactta
acgtttggay
atgaaaattg
cgetacttat
aacttaagto
tggacgeaty
caggcaatga
tgggagogte
cttgatacaa
cetoatocat
cgageaaate
aaggtgatga
agogatgatt
gatgacgaga
agtggtettt
geagcagaag
cagettaaat
gogttttooe
gycgacgasac
gatgtggaag
tttaaaccygt
graacgotyyg
gagetggata
toegasaaaaa
gtacgcaaaa
atgggaacag
geaccgoagyg
ttaattgtas
tggttagace
ggcgataaaa
geogetaaayg
gaaggeacat
ctogacatty
gecgeggata
aaagaacttc
aaagaagett
atagtaaacc
gragaagaaqg
ctgeaatacy
aaaacggtet
agagaacaayg
tgtgaaatyga
togattiott
tcaggagaag
gagcetgeaag
ctgocasaayg
tttagaggot
geacatttat

taacgetact
cacttcooaty
tgacaaccat
tagectetatg
tgcttgatte
getttteott
gagtoggacta
atggtataaa
attaagatgce
aaaagaggty
cttetgetgt
gocaaagtayg
gaattattoo
gagagagatyg
aaaaaccatc
gaagagagece
guacaaaagce
ggaagtttca
cttettacey
acaagtygaaa
agettaaaas
cggatgaatt
caagtoagey
aagogettaa
aaaaaaatiyg
aaggetatea
taaatgeaga
trtgogtettty
ttattacaay
cagacgacec
acgacctagt
tattaacgea
acattogota
tatcatttge
aageageacyg
atgtcggeat
tatatgcaaa
taatggttot
agttecgtee
ttggaaacgy
tacttggtat
ttaaagaaac
tteegettygg
aggeagaaaa
ctgaaggaac
tegoaacget
cggogtetta
aagegtoetge
actgggetac
gugeagaaaa
atgaagaatyg
aaaacagtyga
tgeogetige
aacagecagyg
cttatcaaga
gtgtaacago
aaaaattage
tggagettoa
gecegeogea
tgoetggeaaa
aattcagega
catcaccteg
cgtggagegy
aaggagatac
aooctgaaan
ttgtygcagge
acttoggety

tttgtaacgyg
ceogotatat
tgcecaagyt
ttattagaaa
atttttaatc
taaacttett
attttetgta
attagaatyga
agttttttat
ataaagtgygs
ttgcagaaay
gagcaggaac
aacagcacgt
gataccgaga
ctegtgetoet
gottageata
aaggtgtgat
tggaagtata
gtgtagaaga
gagggataac
tttacegtta
aggagaaate
totaattaaa
atttgtacgt
gaasasagey
tgegatgaty
tgageatatt
cggetittaac
tatggtecygt
agcettatgat
agataaaatt
tatgetaaac
tcaaattatt
getgtattte
agttctagta
ggtettaaac
agaagatacy
gattoctoag
agagegtttt
teagogtgoey
gatgetaaas
trtascgtta
cggtatteoet
cgeteataat
ggcgegtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgetgac
gegtgaacat
agataataaa
gaaaatgcac
cagtgcacyga
aggagateat
aaggttegge
tecatttgeoa
agatcctgtt
taaagtagag
acgtttaaca
atttatcgee
tgtegatgaa
atatggagaa
gattacgtyge
googettate
gegeasacaqg
cegtteacet

taacggeaag
caagactttt
gattcacaaa
gratyggoetga
ctectttacy
teattaataa
agractaaat
aagaaccottt
acttgtaatt
atctactecca
agggtttgat
agatttatege
aaacgagttt
tgggtiteat
tggatttatt
tecaaaagety
tagaaatett
tgaaatgatt
gagtetgtyy
atgacaatta
ttaaacacay
tttaaatteog
gaageatgoy
gattttgeay
cataatatet
gtegatatog
gaagtaccyg
tatcgettta
gractggaty
gaaaacaagc
attgeagate
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcoctghte
gaagcgetgo
gtgcttggag
cttecaccegty
gaaaatocaa
tgtatcoggte
cacttigact
aaacctgaag
teacctagea
acgeegetge
ttageagata
geoggaaate
cegoetgata
aaaggegtte
aaagtgectyg
cgeggtygaayg
atgtggagty
tetactottt
ggtgogtitt
agcacgoegac
ttaggtgtta
ctagatgoat
ctegetaaaa
acgegeacygce
cttgaagecet
atgettgaac
ctictgecas
aasacaagcaa
tataaaggaa
tttatttcca
atggtoggac
ctaaaagaac
catgaagact

100

ttettgaaac
tgaacgatga
aataagetca
gogaagoatt
cottgtgtaa
ttcgtgetaa
attetgaaat
totttocact
gtagoggaat
acagaacaaa
graaccacyga
tactttaaaa
ttacagtgea
catatctttg
aaaactcata
gtggaattty
cotgaazaty
gaaaatgact
geageactta
aagaaatgce
ataaaccggt
aggegeetgy
atgaatcacy
gagacgggtt
tacttocaag
cegtgeaget
aagacatgac
acagetttta
aageaatgaa
gocagtitea
geaaageaag
cagaaacgygg
ttgecgggaca
atccacatgt
caagctacaa
gottatggeo
gagaatatce
ataaaacaat
gtgogattoen
ageagttoge
ttgaagatca
gotttgtggt
ctgaacagtce
ttgtgetata
ttgeaatygag
tteocgegega
acgeaaagea
getacteogt
cttttatega
cagatgeaag
acgtagoage
cactbcaatt
caacgaacgt
atcttgaaat
ttoctegeoaa
cacageaaat
cagtatoegt
agcttegege
tgettgaaaa
tgettgaaaa
geatacgeee
geatcacggt
ttgegtogaa
caccgoagto
cgggaacagy
aaggacagho
atoetgtatea
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420

480

540

600

660

720

780

840

800

950
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
25840
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3800
3860
4020
4080
4140
4200
4260
4320
4380
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agaagagett
catgeoaaat
gattgaactt
acctgcogtt
agavgctege
ggctgggtaa
gaacgatgaa
tgactitgtag
geaagocata
tagogeetta

gaaaacgooo
cageogaaaa
cttgatcaag
gaageaacge
ttatggetyge
attaaaaagsa
tegttoggat
cggttgatty
cgagaticat
acgtttotte

SEQ ID NO:116

MTIKEMPQPK
EACDESHRFDK
VDIAVQLVQOK
ALDEAMNKLY
GEDPETGEPL
DPVPSYEQVK
LHRDKTIWGD
HFDFEDHTNY
TPLLVLYGSEN
PPDNAKQEVD
RGEADASDDE
GAFSTNVVAS
LDASQQIRLE
LEALLEKQAY
KQASTITVEVY
MVGPGTGVAP
LHTAFSRMPN
VHOQVSEADAR

TFGELENLPL
NLSQALKFVR
WERLNADEHT
RANPDDPAYD
DDENIRYQITI
GLEYVGMVLN
DVEEFRPERF
ELDIKETLTL
MGTAEGTARD
WLDQASADEV
EGTYEEWREH
KELOQQPGSAR
AEEEKLAHLP
KEQVLAKRLT
SGEAWSGYGE
FRGEEVOARKQ
QPRKTYVQHVM
LWLQQLEEKG

SEQ ID NO:117

coaagtocta
aatactccat
gatotagety
catgeaggta
cacoctocag
gttaagggtyg
cagaaggtic
gatocgiggty
cacatgtggt
adaagtgeccet
catggageot
agaagtacac
catettggty
gggctggatyg
coactagoga
gteactagaa
gaactigaay
accatgttag
geghbgttge
gagaaacaygqg
gaatacaagy
tgetttattt
attatggtag
caactaaaag
cogeatgagg
accttgeata
atggagcaaq
tgocggogacy
gatgtrcate
ggaaggtatg

gtacegaaca
tgectagttet
acatagetat
acttgccaag
ataatgcgaa
ttagatacte
cggetticat
aggeogacgeo
ctgatgtige
tacttettea
ttteaacyaa
gtcacttgga
taatcceaag
caagecaaca
agacagtate
cgcaattgag
ctctacttga
aattgotggsa
caagtattog
catctattac
gtattgeottc
ctactoctea
gtoogggaac
aacagggaca
attacttata
ctgeattcag
atggtaagaa
gatcocaaat
aagtttcaga
caaaagatgt

aaagegaagy
catacgtteca
gagogeactt
tratgaaaag
agcagetaga
ggotaggata
ctttttattg
gagggcaagy
ttctecocatt
tgegtgacag

LNTDEPVQAL
DEAGDGLETS
EVPEDMTRLT
ENKRQFQEDI
TFLIAGHETT
EALRLWPTAP
ENPSATPQHA
KPEGFVVEAK
LADIAMEKGE
KGVRYBVEGC
MUSDVARYFN
STRHLEIELP
LAKTVEVEEL
MLELLEKYPA
YEGIASNYLA
LEEQGQSLGE
EQDGKKLIEL
RYAKDVWAG

atchbgcaaaa
ttatggttot
gtocaaggya
agaaggtget
geagttegte
tgtttttgga
cgatgaaatg
aagogacygat
cgogtatitt
attegtogat
cgtagrtagoo
aattgaatta
aaactacygas
gataagacta
cgttgaagaa
agctatyggea
agaacaagcea
aaaatacceg
toccaggtat
cgtatctgtyg
caattatctt
atcagaattt
aggagtegeo
aagtotygggt
ccaagaagaa
tagaatgcca
gttaattgag
gucgoctgeo
agocggacgec
ttggtaa

catcattacy
geacgtaatyg
ctatatttge
ctatgetgac
aganaaagyc
aaagtagtit
gtagagtaasa
tgaagactec
tattogtett
cagatcr

METADELGET
WTHEKNWKEKA
LOTIGLCGEN
KVMNDLVDKI
SGLLSFALYF
AFPSLYAKEDT
FEPFGNGQRA
SKKIPLGGIP
APQVATLDSEH
GDENWATTYQ
LDIENSEDNK
KEASYQEGDH
LOYVELQDPV
CEMEFZEFIA
ELQEGDTITC
AHLYFGCREP
LODOGAHPYEC

aaagttagaa
aatatgggaa
tttgocooge
gttctaatag
gattggttag
tgtggagata
cttgetgeaa
ttitgagggta
aatctagaca
agtgotygogy
agtaaggaac
craaaagagyg
ggtatagtca
gaagcagaag
trtattgeaat
graaagacty
tacaaagago
geatgogaaa
tactcaattt
gtctectggag
gcagaactge
actetioogs
cetttecagag
gaggeacatc
cttgaaaacy
aaccagecya
ctitttggata
gttgaagceca
cgtetttggt

cttcatacoy
gaacaagacy
ggagacggaa
gttcaccaag
cgatacgroaa
agttggttyga
cgtagattte
aatcaaccge
titgtococac

FKFEAPGRVT
HNILLPSFSQ
YRENSFYRDO
IADREASGEQ
LVENPHVLQOK
VIGGEYPLEK
CIGQQFALHE
SPSTEQSAKK
AGNLPREGAV
KVPAFIDETL
STLSLOFVDS
LGVIPRNYEG
TRTQLRAMAA
LLPSTIRPRYY
FISTPQSEFRT
HEDYLYQEEL
GDGSOMAPAYV

aaaaagoaga
cagegygaagyg
aagtageaac
ttaccgetag
atcaagceate
agaattggygc
aaggggctga
cetatgagga
tagaaaattc
acatgooott
ttcaacaacc
catoctaccea
atagggtaac
aagaaaaatt
acgtggaatt
tttgtececacc
aagbgectage
tggaattoto
catcttecacc
aagettggag
aggaagggga
aggatccaga
gotttgtgea
tatatttcgg
cocaatoaygs
aaacttacygt
agggegocooa
cettgatgaa
tacaacaact
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ctttttoteg
goaagaaatt
gocaaatgyge
tgagtgaage
aagacgtgtg
aggaagatce
atctatitayg
ggtgteacat
ttaattttta

RYLBSQRLIK
QAMKGYHAMM
PHPFITSMVR
SDDLLTHMLN
AREEAARVIV
GDELMVLIPQ
ATLVLGMMLEK
VRKKAENAHN
LIVTASYNGH
ARKGAENTIAD
AADMPLAKMH
IVNRVTARFG
KTVCPPHKVE
SISSSPRVDE
LPKDPETPLI
ENAQSEGIIT
EATLMKSYAD

aaatgeacac
aacggeeagy
coctggattee
ctacaatggy
agcagatgaa
caccacatat
gaatatagea
gtggagagag
tgaagacaat
ageaaagaty
aggtaghgeo
agaaggtgac
gycaagattt
gygcgeacett
geaggatcee
tecacaaggtt
agagagacta
cgaatttate
aagggttgac
tggttacygga
tacaattace
aactecgtia
agcaagyaag
ttgeagatet
aggtattate
acagoatgtt
cttetacatt
atcatatgea
agaggagaaa
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4440
4500
4560
4620
4680
4740
4800
4860
4920
4957

60
120
180
240
300
360
420
480
540
600
660
720
780
640
800
8960

1020
1049

60
120
180
240
300
360
420
480
540
600
660
720
780
g40
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1767
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SEQ ID NO:118

PSPSTEQSAK
HAGNLPREGA
QKVPAFIDEM
KSALLLQEVD
HLGVIPRNYE
VIRTQLRAMA
ALLPSIRPRY
CPISTPUBEF
PHEDYLYQEE
CEDGEQMAPA

KVRRKAENAH
VLIVTASYNG
LAAKGAENTA
SAADMPLAKM
GIVNRVTARF
AKTVCPPHEV
YSISSSPRVD
TLPKDPETPL
LENAQSEGIT
VEATLMEBYA

SEQ ID NO:119

ceaagtecta
aatactecat
gatetagetg
catgeaggta
caccotorag
gttaagggtg
cagaagghte
gatcgtyggty
cacatgtggt
aaaagtgect
catggagect
agaagtacac
catctbggty
gggctggaty
ccactagoga
gteactagaa
gaacttgaag
accatgttag
gegttgttyge
gagaaacagy
gaatacaagy
tgctttattt
attatggtag
caactaaaaq
cegeatygagg
accttgeata
atggageaag
tgeggegacy
gatgttcatc
ggaaggtaty

gtaccgaaca
tgotagttet
acatagetat
acttgocaag
ataatgogaa
ttagatacte
cggettteat
aggeocgacge
ctgatgttge
tacttettea
tttcaacgaa
gteacttgga
taatcocaayg
caageocaaca
agacagtate
cgcaattgag
ctotacttga
aattgcetgga
caagtatteg
catctattac
gtattgette
ctactocctea
gtocgggaac
aacagyggaca
attacttata
ctgeattcag
atggtaagaa
gatccecaaat
aagtitcaga
caaaagatgh

SEQ ID NO:120

PSPSTEQSAK
HAGNLPREGA
OKVPAFIDEM
KSALLLQEFVD
HLGVIPRNYE
VIRTQLRAMA
ALLPSIRPRY
CFISTPQSEF
PHEDYLYQEE
CGDGSOMARA

KVREKAENAH
VLIVTASYNG
LARKGAENIA
SAADMPLAKM
GIVNRYVTARF
AKTVCPPHRY
YSISSSPRVD
TLPEDPETPL
LENAQSEGII
VEATLMKSYA

SEQ ID NO:121

ccatcaaga

NTPLLVLYGS
HPPDNAKQEV
DRGEADASDD
HGAFSTNVVA
GLDASQQIRL
ELEALLEKQA
EKQASITVSY
IMVGPGTGVA
TLHTAFSRMP
DVHQVSEADA

atctgeaaaa
ttatggttet
gtecaaggga
agaaggtget
gecagtiegte
tgtttttgga
cgatgaaaty
aagegacgat
cgegtattit
attegtegat
cgtagtagee
aattgaatta
aaactacygaa
gataagacta
cgttgaagaa
agetatggoa
aagacaagcea
aaaatacecy
teceaggtat
cgtatotgty
caattatott
atcagaattt
aggagtcegee
aagtctgygut
ccaagaagaa
tagaatgccea
gttaattgay
ggegoetgee
ageggacgec
tgottaa

NTPLLVLYGS
HPPDNAKQFY
DRGEADASDD
HGAFSTNVVA
GLDASQQIRL
ELEALLEKQA
ERQASITVEV
IMVGPGTGVA
TLHTAFSRMP
DVHQVSEADA

NMGTAEGTAR
DWLDQASADE
FEGTYEEWRE
SKELQOPGSA
EAEEEKLAHL
YREQVLAKRL
VEGEAWSGYE
PFRGFVQARK
NQPETYVQHV
RLWLOQLEEK

aaagttagaa
aatatgggaa
tttgcecocege
gttoctaatag
gattggttag
tgtggagata
cttgetgeaa
ttigagggta
gatctagaca
agtgctgcygg
agtaaggaac
ccaaaagaygy
ggtatagtcea
gaagcagaag
ttattgcaat
geaaagacty
tacaaagage
geatgocygaas
tactcaattt
gtctetggag
geagaactygce
actettecga
cotttcagag
gaggeacatc
cttgaaaacyg
aacoageega
cttttggata
gttgaageca
cgtotttyggt

NMGTAEGTAR
DWLDQASADE
FEGTYEEWRE
SKELQQPGSA
EAEEEKLAHL
YREQVLAKRL
VSGEAWSGYG
PFRGEVQARK
NOPKTYVQHV
RLWLQQLEEK

DLADIAMSKG
VKGVRYSVFG
HMWSDVRAYF
RSTRHLEIEL
PLAKTVSVEE
TMLELLEKYP
EYKGIABNYL
QLKEQGQSLG
MEQDGKKLIE
GRYAKDVW

aaaaagcaga
cagceggaagy
aagtagoaac
ttaccgetag
atecaageate
agaattggge
aaggggctga
cetatgagga
tagaaaatto
acatgeeectt
tteaacaacce
catcctacea
atagggtaac
aagaaaaatt
acgtggaatt
tittgtocace
aagtgetage
tggaattcto
catecttecace
aagoettggag
aggaagggga
aggatceaga
getttgtgea
tatatttegg
cecaatcaga
aaacttacygt
agggegeoea
cecttgatgaa
tacaacaact

DLADIAMSKG
VEGVRYSVFG
HMWSDVAAYF
RETRHLEIEL
PLAKTVSVEE
TMLELLEKYP
EYKGIASNYL
QLKEQGQSLG
MEQDGKKLIE
GRYAKDVA
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FAPQVATLDS
CGDENWATTY
NLDIENSEDN
PKEASYQEGD
LLQYVELQDE
ACEMEFSEFTI
AELQEGDTIT
EAHLYFGCRS
LLDKGAHFYT

aaatycacac
aacggecagy
cotggattec
ctacaatgyg
agcagatygaa
caccacatat
aaatatagoa
gtggagagay
tgaagacaat
agcaaagatyg
aggtagtgoec
agaaggtgac
ggcaagattt
gyugeacctt
geaggatooo
tcacaaggtt
aaagagacta
cgaatttate
aagggttgac
tggttacgga
tacaattace
aactoogtta
agcaaggaag
ttgoagatot
aggtattatc
acageatgtt
cttetacatt
atcatatgea
agaggagaaa

FAPQVATLDS
CGDENWATTY
NLDIENSEDN
PKEASYQEGD
LLOQYVELQDP
ACEMEFSEFL
AELQEGDTIT
EBHLYFGCRS
LLDEKGAHFYI
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60
120
180
240
300
360
420
480
540
588

60
120
180
240
300
380
420
480
540
600
660
720
780
840
o0
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1767

60
120
180
240
300
360
420
480
540
588
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SEQ ID NO:122

PER 3

103



WO 2016/038095 PCT/EP2015/070620

WHAT IS CLAIMED IS:

1. A recombinant host comprising one or more of:
(a) a gene encoding an ent-kaurene oxidase (KO) polypeptide;

(b) a gene encoding a cytochrome P450 reductase (CPR) polypeptide;

and/or
(c) a gene encoding an ent-kaurenoic acid hydroxylase (KAH) polypeptide;
wherein at least one of the genes is a recombinant gene; and

wherein the recombinant host is capable of producing a steviol glycoside

precursor,

2. A recombinant host comprising:

(a) a gene encoding a geranylgeranyl diphosphate synthase (GGPPS)
polypeptide;

(b) a gene encoding an ent-copalyl diphosphate synthase (CDPS)
polypeptide;

(c) a gene encoding an ent-kaurene synthase (KS) polypeptide

{d) a gene encoding an ent-kaurene oxidase (KO) polypeptide;

(e) a gene encoding a cytochrome P450 reductase (CPR) polypeptide; and
H a gene encoding an ent-kaurenocic acid hydroxylase (KAH) polypeptide;
wherein at least one of the genes is a recombinant gene; and

wherein the recombinant host is capable of producing steviol.

3. The recombinant host of claims 1 or 2, wherein:

(a) the KO polypeptide comprises a KO polypeptide having at least 60% identity to
an amino acid sequence set forth in SEQ ID NO:72 or SEQ ID NO:75; at least
65% identity to an amino acid sequence set forth in SEQ ID NO:54; at least 70%
identity to an amino acid sequence set forth in SED ID NO: 70, SEQ ID NO:71, or
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()

SEQ ID NO:79; at least 40% identity to an amino acid sequence set forth in SEQ
ID NO:77; or at least 50% identity to an amino acid sequence set forth in SEQ ID
NO:78;

the CPR polypeptide comprises a CPR polypeptide having at least 70% identity
to an amino acid sequences set forth in SEQ 1D NO:69, SEQ ID NO:74, SEQ ID
NO:76, or SEQ ID NO:87; at least 80% identity to an amino acid sequence set
forth in SEQ ID NO:73; at least 85% identity to an amino acid sequence set forth
in SEQ 1D NO:22; at least 65% identity to an amino acid sequence set forth in
SEQ ID NO:28; or at least 50% identity to an amino acid sequence set forth in
SEQ ID NO:98; and/or

the KAH polypeptide comprises a KAH polypeptide having at least 40% identity
to an amino acid sequence set forth in SEQ ID NO:82; at least 50% identity to an
amino acid sequence set forth in SEQ ID NO:91; or at least 60% identity to an
amino acid sequence set forth in SEQ 1D NO:68.

A recombinant host comprising one or more of:

(a) a gene encoding a KO polypeptide having at least 60% identity to an
amino acid sequence set forth in SEQ ID NO:75;

(b) a gene encoding a KAH polypeptide having at least 40% identity to an
amino acid sequence set forth in SEQ ID NO:82; and/or

(c) a gene encoding a CPR polypeptide having at least 50% identity to an
amino acid sequence set forth in SEQ ID NO:98;

wherein at least one of the genes is a recombinant gene; and

wherein the recombinant host is capable of producing a steviol glycoside

precursor.

A recombinant host comprising one or more of;

(a) a gene encoding a KO polypeptide having at least 70% identity to an
amino acid sequence set forth in SEQ ID NO:70;
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{b) a gene encoding a KAH polypeptide having at least 40% identity to an
amino acid sequence set forth in SEQ ID NO:82; and/or

(c) a gene encoding a CPR polypeptide having at least 50% identity to an
amino acid sequence set forth in SEQ D NO:98;

wherein at least one of the genes is a recombinant gene; and

wherein the recombinant host is capable of producing a steviol glycoside

precursor.

The recombinant host of claim 4 or 5, wherein the host further comprises a gene
encoding a KO polypeptide having at least 65% identity to an amino acid sequence set
forth in SEQ ID NO:54.

The recombinant host of any one of claims 4-6, wherein the host further comprises a
gene encoding a KAH polypeptide having at least 60% identity to an amino acid
sequence set forth in SEQ 1D NO:68.

The recombinant host of any one of claims 4-7, wherein the host further comprises a
gene encoding a KO polypeptide having at least 70% identity to an amino acid sequence
set forth in SEQ ID NO:79.

The recombinant host of any one of claims 1 or 3-8, wherein the host further comprises

one or more of.

(a) a gene encoding a geranylgeranyl diphosphate synthase (GGPPS)
polypeptide;

(b) a gene encoding an ent-copalyl diphosphate synthase (CDPS)
polypeptide; and/or

(c) a gene encoding an ent-kaurene synthase (KS) polypeptide;

wherein at least one of the genes is a recombinant gene; and

106



10.

11.

12.

13.

14.

15.
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wherein the recombinant host is capable of producing a steviol glycoside

precursor.

The recombinant host of claim 9, wherein:

(a) the GGPPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ 1D NO:49;

{b) the CDPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ ID NO:37; and/or

(c) the KS polypeptide comprises a polypeptide having at least 40% identity
to an amino acid sequence set forth in SEQ 1D NO:6.

The recombinant host of claims 1-10, wherein the host further comprises a gene

encoding an endoplasmic reticulum membrane polypeptide.

The recombinant host of claim 11, wherein the endoplasmic reticulum membrane
polypeptide comprises an Inheritance of cortical ER protein 2 (ICE2) polypeptide having
at least 50% identity to the amino acid sequence set forth in SEQ ID NO:114.

The recombinant host of any one of claim 1-10, wherein the KO polypeptide is a fusion

construct.

The recombinant host of claim 13, wherein the fusion construct comprises a polypeptide
having at least 60% identity to an amino acid sequence set forth in SEQ ID NO:118 or
SEQ ID NO:120.

The recombinant host of claim 13 or claim 14, wherein the fusion construct has at least
50% identity to an amino acid sequence set forth in SEQ D NO:100, SEQ ID NO:102,
SEQ ID NO:104, SEQ ID NO:106, SEQ ID NO:108, SEQ ID NO:110, or SEQ ID NO:112.
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16.  The recombinant host of any one of claims 1-15, wherein the host further comprises one

or more of:
(a) a gene encoding a UGT85C polypeptide;
{b) a gene encoding a UGT76G polypeptide;
(c) a gene encoding a UGT74G1 polypeptide,
(d) a gene encoding a UGT91D2 functional homolog polypeptide; and/or
(&) a gene encoding an EUGT11 polypeptide;
wherein at least one of the genes is a recombinant gene; and

wherein the host is capable of producing a steviol glycoside.

17. The recombinant host of claim 16, wherein:

(a) the UGT85C2 polypeptide comprises a polypeptide having at least 55%
identity to an amino acid sequence set forth in SEQ ID NO:30;

{b) the UGT76G1 polypeptide comprises a polypeptide having at least 50%
identity to an amino acid sequence set forth in SEQ ID NO:83;

(c) the UGT74G1 polypeptide comprises a polypeptide having at least 55%
identity to an amino acid sequence set forth in SEQ ID NO:29;

(d) the UGT91D2 functional homolog polypeptide comprises a UGT91D2
polypeptide having 90% or greater identity to the amino acid sequence
set forth in SEQ 1D NO:84 or a UGT91D2e-b polypeptide having 90% or
greater identity to the amino acid sequence set forth in SEQ ID NO:88;

and/or

(e) the EUGT11 polypeptide comprises a polypeptide having at least 65%
identity to an amino acid sequence set forth in SEQ 1D NO:86.

18. The recombinant host of any one of claims 1-17, wherein the recombinant host

comprises a plant cell, a mammalian cell, an insect cell, a fungal cell, or a bacterial cell.
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20.

21.

22.

23.

24.
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The recombinant host of claim 18, wherein the bacterial cell comprises Escherichia
bacteria cells, Lactobacilius bacteria cells, Lactococcus bacteria cells, Cornebacterium
bacteria cells, Acetobacter bacteria cells, Acinefobacter bacteria cells, or Pseudomonas

bacterial cells.

The recombinant host of claim 18, wherein the fungal cell comprises a yeast cell.

The recombinant host of claim 20, 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 recombinant host of claim 21, wherein the yeast cell is a Saccharomycete.

The recombinant host of claim 22, wherein the yeast cell is a cell from the

Saccharomyces cerevisiae species.

A method of producing a steviol glycoside or a steviol glycoside precursor, comprising:

(a) growing the recombinant host of any one of claims 1-23 in a culture
medium, under conditions in which any of the genes disclosed in any one

of claims 1-23 are expressed;

wherein the steviol glycoside or the steviol glycoside precursor is

synthesized by said host; and/or

(b} optionally quantifying the steviol glycoside or the steviol glycoside

precursor; and/or

{(c) optionally isolating the steviol glycoside or the steviol glycoside precursor.
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25.

26.

27.

28.

The method of claim 24, wherein the steviol glycoside comprises steviol-13-O-glucoside
(13-SMG), steviol-1,2-bioside, steviol-1,3-bioside, steviol-19-O-glucoside (19-SMG),
stevioside, 1,3-stevioside, rubusoside, Rebaudioside A (RebA), Rebaudioside B (RebB),
Rebaudioside C (RebC), Rebaudioside D (RebD), Rebaudioside E (RebE),
Rebaudioside F (RebF), Rebaudioside M (RebM), Rebaudioside Q (RebQ),
Rebaudioside | (Rebl), dulcoside A, di-glycosylated steviol, tri-glycosylated steviol, tetra-
glycosylated steviol, penta-glycosylated steviol, hexa-glycosylated steviol, hepta-

glycosylated steviol, or isomers thereof.

The steviol glycoside or the steviol glycoside precursor produced by the recombinant
host of any one of claims 1-23 or the method of claim 24 or claim 25, wherein the steviol
glycoside or steviol glycoside precursor accumulates to a detectable concentration when

cultured under said conditions.

A steviol glycoside composition produced by the host of any one of claims 1-23 or the
method of claim 24 or claim 25, wherein the composition has an undetectable

concentration of stevia plant-derived contaminants.

A steviol glycoside composition produced by the host of any one of claims 1-23 or the
method of claim 24 or claim 25, wherein the composition has a steviol glycoside
composition enriched for RebD or RebM relative to the steviol glycoside composition of a

wild-type Stevia plant.
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