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Claims  

 

1. A method for producing a target steviol glycoside or a target steviol glycoside 

composition, comprising contacting a starting composition comprising a steviol, a 

precursor steviol glycoside having a 13-O-glucose, a 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose, and/or a mixture thereof with a first polypeptide capable 

of beta 1,2 glycosylation of a C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-

O-glucose and the 19-O-glucose of the precursor steviol glycoside and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID NO:152; and one 

or more of: 

(a) a second polypeptide capable of beta 1,2 glycosylation of the C2’ of the 

13-O-glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-

glucose of the precursor steviol glycoside and having at least 90% 

sequence identity to the amino acid sequence set forth in SEQ ID NO:5;  

(b) a polypeptide capable of rhamnosylation of a steviol 13-O-monoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:150;  

(c) a polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase (UGT) 

UGT74 family, comprising a UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; 

(d) a polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase (UGT) 

UGT85 family, comprising a UGT85C2 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-13 

hydroxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:3; and/or 

(e) a polypeptide capable of beta 1,3 glycosylation of a C3’ of the 13-O-

glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-

glucose of the precursor steviol glycoside and having at least 90% 

sequence identity to the amino acid sequence set forth in SEQ ID NO:7; 

wherein at least one of the polypeptides is a recombinant polypeptide; 
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and one or more UDP-sugars, under suitable reaction conditions for the transfer of one 

or more sugar moieties from the one or more UDP-sugars to the steviol, the precursor 

steviol glycoside, and/or the mixture thereof, 

thereby producing the target steviol glycoside or the target steviol glycoside 

composition. 

 

2. The method of claim 1, wherein the one or more UDP-sugar comprises UDP-glucose, 

UDP-rhamnose, fructose, and/or UDP-xylose.  

 

3. The method of claim 1, wherein the target steviol glycoside comprises steviol-1,2-

bioside, stevioside, rebaudioside A, rebaudioside B, rebaudioside C, rebaudioside D, 

rebaudioside E, rebaudioside F, or dulcoside A. 

 

4. The method of claim 1, wherein the target steviol glycoside composition comprises 

steviol-1,2-bioside, stevioside, rebaudioside A, rebaudioside B, rebaudioside C, 

rebaudioside D, rebaudioside E, rebaudioside F, dulcoside A and a combination thereof. 

 

5.  The method of claim 1, wherein: 

(a) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, rubusoside, steviol-1,2-bioside, stevioside, or rebaudioside B 

and/or a mixture thereof, the one or more UDP-sugar is UDP-glucose,  

  the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 
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carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; and the polypeptide capable of beta 

1,3 glycosylation of the C3’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:7; and  

rebaudioside A is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose to steviol, the 

precursor steviol glycoside, and/or the mixture thereof; or 

(b) the precursor steviol glycoside is steviol-13-O-glucoside or steviol-1,2-

bioside and/or a mixture thereof, the one or more UDP-sugar is UDP-

glucose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide capable of beta 1,2 glycosylation of the C2’ of the 

13-O-glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-

glucose of the precursor steviol glycoside and having at least 90% 

sequence identity to the amino acid sequence set forth in SEQ ID NO:5; 

and the polypeptide capable of beta 1,3 glycosylation of the C3’ of the 13-

O-glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-

glucose of the precursor steviol glycoside and having at least 90% 
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sequence identity to the amino acid sequence set forth in SEQ ID NO:7; 

and  

rebaudioside B is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose to steviol, the 

precursor steviol glycoside, and/or the mixture thereof; or 

(c) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, rubusoside, steviol-1,2-bioside, or stevioside and/or a mixture 

thereof, the one or more UDP-sugar is UDP-glucose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; and the polypeptide capable of beta 

1,3 glycosylation of the C3’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:7; and  

rebaudioside E is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose to steviol, the 

precursor steviol glycoside, and/or the mixture thereof; or 
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(d) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, rubusoside, steviol-1,2-bioside, stevioside, rebaudioside A, 

rebaudioside B, or rebaudioside E and/or a mixture thereof, the one or 

more UDP-sugar is UDP-glucose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; and the polypeptide capable of beta 

1,3 glycosylation of the C3’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:7; and  

rebaudioside D is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose to steviol, the 

precursor steviol glycoside, and/or the mixture thereof; or 

(e) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, rubusoside, or steviol-1,2-rhamnobioside and/or a mixture 

thereof, the one or more UDP-sugar is UDP-glucose and UDP-rhamnose,  
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the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; and the polypeptide capable of 

rhamnosylation of the steviol 13-O-monoside and having at least 90% 

sequence identity to the amino acid sequence set forth in SEQ ID 

NO:150; and  

dulcoside A is produced upon transfer of the one or more  sugar 

moieties from the one or more UDP-glucose and UDP-rhamnose to 

steviol, the precursor steviol glycoside, and/or the mixture thereof; or 

(f) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, rubusoside, steviol-1,2-rhamnobioside, or dulcoside A and/or a 

mixture thereof, the one or more UDP-sugar is UDP-glucose and UDP-

rhamnose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 
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forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; the polypeptide capable of 

rhamnosylation of the steviol 13-O-monoside and having at least 90% 

sequence identity to the amino acid sequence set forth in SEQ ID 

NO:150; and the polypeptide capable of beta 1,3 glycosylation of the C3’ 

of the 13-O-glucose, the 19-O-glucose, or both the 13-O-glucose and the 

19-O-glucose of the precursor steviol glycoside and having at least 90% 

sequence identity to the amino acid sequence set forth in SEQ ID NO:7; 

and  

rebaudioside C is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose and UDP-rhamnose to 

steviol, the precursor steviol glycoside, and/or the mixture thereof; or 

(g) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, rubusoside, 1,2-steviolxyloside, or steviol-1,2-xylobioside, 

and/or a mixture thereof, the one or more UDP-sugar is UDP-glucose and 

UDP-xylose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-
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diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; the polypeptide capable of beta 1,3 

glycosylation of the C3’ of the 13-O-glucose, the 19-O-glucose, or both 

the 13-O-glucose and the 19-O-glucose of the precursor steviol glycoside 

and having at least 90% sequence identity to the amino acid sequence 

set forth in SEQ ID NO:7, a UDP-glucose dehydrogenase (UGD1) 

polypeptide, and/or a UDP-glucuronic decarboxylase (UXS3) polypeptide; 

and  

rebaudioside F is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose and UDP-xylose to 

steviol, the precursor steviol glycoside, and/or the mixture thereof; or 

(h) the precursor steviol glycoside is steviol-13-O-glucoside, the one or more 

UDP-sugar is UDP-glucose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 
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NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; and the polypeptide capable of 

beta 1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, 

or both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; and  

steviol-1,2-bioside is produced upon transfer of the one or more  

sugar moieties from the one or more UDP-glucose to steviol, the 

precursor steviol glycoside, and/or the mixture thereof; or 

(i) the precursor steviol glycoside is steviol-13-O-glucoside, steviol-19-O-

glucoside, steviol-1,2-bioside, or rubusoside, and/or a mixture thereof, the 

one or more UDP-sugar is UDP-glucose,  

the steviol, the precursor steviol glycoside and/or the mixture 

thereof is contacted with the polypeptide capable of beta 1,2 glycosylation 

of the C2’ of the 13-O-glucose, the 19-O-glucose, or both the 13-O-

glucose and the 19-O-glucose of the precursor steviol glycoside and 

having at least 90% sequence identity to the amino acid sequence set 

forth in SEQ ID NO:152 and one or more of: the polypeptide of uridine 5’-

diphospho (UDP) glycosyl transferase (UGT) UGT85 family, comprising 

the UGT85C2 polypeptide capable of glycosylating the steviol or the 

precursor steviol glycoside at its C-13 hydroxyl group and having at least 

90% sequence identity to the amino acid sequence set forth in SEQ ID 

NO:3, the polypeptide of uridine 5’-diphospho (UDP) glycosyl transferase 

(UGT) UGT74 family, comprising the UGT74G1 polypeptide capable of 

glycosylating the steviol or the precursor steviol glycoside at its C-19 

carboxyl group and having at least 90% sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1; the polypeptide capable of beta 

1,2 glycosylation of the C2’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:5; and the polypeptide capable of beta 
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1,3 glycosylation of the C3’ of the 13-O-glucose, the 19-O-glucose, or 

both the 13-O-glucose and the 19-O-glucose of the precursor steviol 

glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:7; and  

stevioside is produced upon transfer of the one or more  sugar 

moieties from the one or more UDP-glucose to steviol, the precursor 

steviol glycoside, and/or the mixture thereof. 

 

6.  The method of claim 1, wherein the target steviol glycoside or the target steviol glycoside 

composition is produced in a recombinant host cell which has been transformed with a 

gene encoding the first polypeptide capable of beta 1,2 glycosylation of the C2’ of the 

13-O-glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-glucose of the 

precursor steviol glycoside and having at least 90% sequence identity to the amino acid 

sequence set forth in SEQ ID NO:152. 

 

7. The method of claim 1, wherein the method is an in vitro method, further comprising 

supplying the one or more UDP-sugars or supplying a cell-free system for regeneration 

of the one or more UDP-sugars. 

 

8. The method of claim 7, wherein the in vitro method is an enzymatic in vitro method or a 

whole cell in vitro method. 

 

9. The method of claim 8, wherein the whole cell in vitro method comprises feeding raw 

materials comprising Stevia extracts, comprising the one or more UDP-sugars and one 

or more of the steviol, the precursor steviol glycoside and/or the mixture thereof to a 

whole cell. 

 

10. The method of claim 9, wherein the whole cell used in the whole cell in vitro method has 

a reduced ability to degrade external sucrose.  

 

11. The method of claim 9, wherein an endogenous sucrose invertase of the whole cell 

comprising the in vitro method is disrupted. 
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12. The method of claim 9, further comprising feeding raw materials during or after cell 

growth.  

 

13. The method of claim 9, wherein the whole cell used in the whole cell in vitro method is: 

(a) in suspension or immobilized; 

(b) entrapped in a calcium or sodium alginate bead; 

(c) linked to a hollow fiber tube reactor system; 

(d) concentrated and entrapped within a membrane reactor system; or 

(e) in fermentation broth or in a reaction buffer. 

 

14. The method of claim 9, further comprising permeabilizing the whole cell by using a 

permeabilizing agent, wherein the permeabilizing agent is a solvent, a detergent, or a 

surfactant, by a mechanical shock, an electroporation, or an osmotic shock.  

 

15. The method of claim 9, wherein the whole cell used in the whole cell in vitro method is a 

plant cell, a mammalian cell, an insect cell, a fungal cell from Aspergillus genus or a 

yeast 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, an algal cell or a 

bacterial cell from Escherichia coli species or Bacillus genus. 

 

16. The method of claim 1, wherein:  

(a) the second polypeptide capable of beta 1,2 glycosylation of the C2’ of the 

13-O-glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-

glucose of the precursor steviol glycoside comprises: 

(i) a polypeptide having an arginine at residue 206, a cysteine 

at residue 207, and an arginine at residue 343 of SEQ ID 

NO:5;  

(ii) a polypeptide having a tyrosine or phenylalanine at residue 

30, a proline or glutamine at residue 93, a serine or valine 

at residue 99, a tyrosine or a phenylalanine at residue 122, 

a histidine or tyrosine at residue 140, a serine or cysteine 

at residue 142, an alanine or threonine at residue 148, a 
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methionine at residue 152, an alanine at residue 153, an 

alanine or serine at residue 156, a glycine at residue 162, 

a leucine or methionine at residue 195, a glutamic acid at 

residue 196, a lysine or glutamic acid at residue 199, a 

leucine or methionine at residue 211, a leucine at residue 

213, a serine or phenylalanine at residue 221, a valine or 

isoleucine at residue 253, a valine or alanine at residue 

286, a lysine or asparagine at residue 427, an alanine at 

residue 438, and either an alanine or threonine at residue 

462 of SEQ ID NO:5; 

(iii) a polypeptide having a methionine at residue 211 and an 

alanine at residue 286 of SEQ ID NO:5; or 

(iv) a polypeptide having at least 90% sequence identity to any 

one of the amino acid sequences set forth in SEQ ID 

NOs:10, 12, or 95; and 

(b) the polypeptide capable of glycosylating the steviol or the precursor 

steviol glycoside at its C-13 hydroxyl group comprises a polypeptide 

having one or more amino acid substitutions at residues K9E, K10R, 

V13F, F15L, Q21H, M27V, H60D, A65S, E71Q, I87F, L91P, K220T, 

R243W, T270M, T270R, Q289H, Y298C, L334S, K350T, H368R, A389V, 

I394V, P397S, E418V, G420R, L431P, G440D, H441N, R444G, and 

M471T of SEQ ID NO:3; 

and/or 

(c) the polypeptide capable of beta 1,3 glycosylation of the C3’ of the 13-O-

glucose, the 19-O-glucose, or both the 13-O-glucose and the 19-O-

glucose of the precursor steviol glycoside comprises a polypeptide having 

one or more amino acid substitutions at residues M29I, V74E, V87G, 

L91P, G116E, A123T, Q125A, I126L, T130A, V145M, C192S, S193A, 

F194Y, M196N, K198Q, K199I, Y200L, Y203I, F204L, E205G, N206K, 

I207M, T208I, P266Q, S273P, R274S, G284T, T285S, L330V, G331A, 

and L346I of SEQ ID NO:7. 


