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UDP-dependent glycosyltransferases (UGTs) are the key enzymes involved in triterpenoid saponin

biosynthesis, and play important roles in the diversity of triterpenoid saponin structures and

pharmacological activities. This review summarized the UGTs involved in plant triterpenoid saponin

biosynthesis based on the sources of UGTs and the types of receptors. Moreover, the application of UGTs

in heterologous biosynthesis of triterpenoid saponins based on synthetic biology was also discussed.

Keywords: UDP-dependent glycosyltransferase; triterpenoid saponin; glycosylation; natural product;

biosynthesis
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Table 1 Functional UGTs involved in the glycosylation of plant triterpenoids which are available in public

databases
UGTs Species Donors Acceptors Accession No.
Eukaryote plant UGRh2GT Panax ginseng UDP-Glc  Ginsenoside Rh2 -
UGT74AE2 P ginseng UDP-Glc  PPD, ginsenoside CK QEA68969
UGT94Q2 P. ginseng UDP-Glc  Ginsenoside Rh2, F2 QEA68983
UGTPg45 P. ginseng UDP-Glc  PPD AKA44586
UGTPg29 P. ginseng UDP-Glc  Ginsenoside Rh2 AKA44579
UGTPgl P. ginseng UDP-Glc  PPD, PPT A0A068J840
UGTPg100 P. ginseng UDP-Glc  PPT AOAOKOPVW1
UGTPgl01 P. ginseng UDP-Glc  PPT, ginsenoside F1 AO0AOKOPVMS
UGTPg71A29 P ginseng UDP-Glc  Ginsenoside Rh1, Rd -
UGT94Q15 P ginseng UDP-Glc  Ginsenoside Rh2 -
UGT94Q15-VI1P ginseng UDP-Glc  Calenduloside E -
UGT94Q3 P. ginseng UDP-Glc  Ginsenoside Rh1 -
UGT94Q6 P. ginseng UDP-Glc  Ginsenoside Rd, F1, CK -
PgUGT94Q13 P ginseng UDP-Glc. Ginsenoside Rgl, Rhl -
UDP-Xyl
Pq3-O-UGT1 Panax quiquefolium UDP-Glc  PPD ALE15279
Pq3-O-UGT2 P quiquefolium UDP-Glc  Ginsenoside Rh2, F2 ALE15280
Pq-PPT-6, P. quiquefolium UDP-Glc  PPT, ginsenoside F1 QEV87497
20-0-UGT1
UGRAGT Panax notoginseng UDP-Glc  Ginsenoside Rd -
Pnl-31 P. notoginseng UDP-Glc  PPD -
Pn3-29 P. notoginseng UDP-Glc  PPD, PPT, ginsenoside Rg3 —
Pn3-31 P. notoginseng UDP-Glc  Ginsenoside Rh2 -
Pn3-32 P. notoginseng UDP-Glc  Ginsenoside Rd, F1 -
Pn3-32-i5 P. notoginseng UDP-Xyl  Ginsenoside Rgl -
GpUGT23 Gynostemma UDP-Glc  Ginsenoside CK, F2, -
pentaphyllum Rd, F1
UGT74AC1  Momordica grosvenori UDP-Glc  Mogrol K7NBW3
UGT720-269-1 M. grosvenori UDP-Glc  Mogrol, mogroside [ -A1 -
UGT94-289-3 M. grosvenori UDP-Glc  Mogroside 1IE, -
mogroside [Ix
PjmUGT1 Panax japonicus UDP-Glc  Calenduloside E, -
Zingibroside R1
PjmUGT2 P. japonicus UDP-Glec  Calenduloside E, -
Chikusetsuponin [Va
UGT73AEl  Carthamus tinctorius UDP-Glc  Glycyrrhetinic acid AJT58578
UGT73F17 Glycyrrhiza uralensis UDP-Glc  Glycyrrhizic acid AXS75258
UGT73K1 Medicago truncatula  UDP-Glc  Hederagenin, AAW56091
soyasapogenol B, E
(75%%)
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EE3)
UGTs Species Donors Acceptors Accession No.
UGT71G1 M. truncatula UDP-Glec  Medicagenic acid AAW56092
UGT73F3 M. truncatula UDP-Glc  Hederagenin ACT34898
UGT73P2 Glycine max UDP-Gal SBMG BAI99584
UGT91H4 G. max UDP-Rha  Soyasaponin 1] NP_001240857
UGT73F4 G max UDP-Xyl  A0-og BAM29363
UGT73F2 G max UDP-Glc  A0-og BAM29362
UGT91H9 G max UDP-Glc  Soyasaponin III NP_001348424
UGT73P10 G max UDP-Ara SBMG BBD84861
UGT74M1 Saponaria vaccaria UDP-Glc  Gypsogenic acid ABK76266
UGT74Q1 Nigella sativa UDP-Glc, Hederagenin, a-hederin -
UDP-GIcNAc
UGTS85P1 N. sativa UDP-Glc  Hederagenin -
UGT73C10  Barbarea vulgaris UDP-Glc  Oleanolic acid, hederagenin AFN26666
UGT73C21 B. vulgaris UDP-Glec  Oleanolic acid, hederagenin AVWS82175
UGT74AGS  llex asprella UDP-Glec  Ursolic acid, oleanolic acid, —
Hederagenin, et al
UGT73AH1  Centella asiatica UDP-Glc  Asiatic acid AUR26623
UGT73AD1 C. asiatica UDP-Glc  Asiatic acid, madecassic acid ALD84259
Mammal UGT1A4 Homo sapiens UDP-GIcA PPD AAY32629
Microrganism YojK1 Bacillu subtilis UDP-Glc  Ginsenoside Rhl AGC59684
YjiCl B. subtilis UDP-Glc  Ginsenoside Rhl AGC59683
BSGT1 B. subtilis UDP-Glc  Ginsenoside F1 ANP92054
UGTI109A1  B. subtilis UDP-Glc DM, PPD, PPT ASY97769
Bs-YjiC B. subtilis UDP-Gle, PPD, PPT, 7BOV_A
UDP-Gal, ginsenoside Rg3
UDP-GlcNAc
BsUGT489 B. subtilis UDP-Glc  Celastrol WP 003220489
BsGT110 B. subtilis UDP-Glc  Celastrol WP 003220110
LRGT Lactobacillus UDP-Glc  Ginsenoside Rh2 ASDS55035
rhamnosus
Prokaryote UGTS51 Saccharomyces UDP-Glc  PPD, cholesterol, sitosterol, Q06321
cerevisiae ergosterol, et al
UGT51B1 Pichia pastoris UDP-Glc Cholesterol, sitosterol, Q9Y751
ergosterol, et al
UGTSIC1 Candida albicans UDP-Glc  Cholesterol, sitosterol, XP 718281
ergosterol, et al
UGTS2 Dictyostelium UDP-Glc  Cholesterol, sitosterol, Q54ILs

discoideum

ergosterol, et al

Note: UDP-Glc: UDP-glucose; UDP-Xyl: UDP-xylose; UDP-Gal: UDP-galactose; UDP-Rha: UDP-rhamnose; UDP-Ara:
UDP-arabinose; UDP-GIcA: UDP-glucuronic acid; UDP-GlcNAc: UDP-N-acetylglucosamine.
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Figure 1
UDP-Xyl: UDP-xylose.
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Glycosylation of damarane-type tetracyclic triterpenoids by plant UGTs. UDP-Glc: UDP-glucose;
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Figure 2 Glycosylation of cucurane-type tetracyclic triterpenoids by plant UGT. UDP-Glc: UDP-glucose.
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Figure 3 Glycosylation of oleanane-type pentacyclic triterpenoids by plant UGTs. UDP-Glc: UDP-glucose;
UDP-Xyl: UDP-xylose; UDP-Gal: UDP-galactose; UDP-Rha: UDP-rhamnose; UDP-Ara: UDP-arabinose;

UDP-GIcA: UDP-glucuronic acid.
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Figure 4 Glycosylation of ursane-type pentacyclic triterpenoids by plant UGTs. UDP-Glc: UDP-glucose;

UDP-Rha: UDP-rhamnose.
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Figure 5 Glycosylation of triterpenoids by human
UGT. UDP-GlcA: UDP-glucuronic acid.
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Figure 6 Glycosylation of triterpenoids by
eukaryotic microbial UGT. UDP-Glc: UDP-glucose.
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Figure 7 Glycosylation of triterpenoids by prokaryotic UGTs. UDP-Glc: UDP-glucose.
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