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Research progress on mechanism of transformation of saponins by microbial
fermentation
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Abstract: Saponins are a class of important chemical components in natural medicines. Microbial fermentation technology can convert
saponins into various derivatives. The microorganisms that can transform saponins are mainly bacteria and fungi. The hydrolysis
reaction is the main method, and the sugar group is removed, which can improve the bioavailability and pharmacological activity of
the transformation product. In addition, through reactions such as hydroxylation, glycosylation, carbonylation, and esterification, the
side effects of the substrate are reduced, and the drug efficacy is improved. The microbial transformation of steroidal saponins is mainly
based on the mutual transformation between saponins and sapogenins, which is an effective way to realize the large-scale production
of some special saponins. In this paper, ginsenoside, glycyrrhetinic acid, astragaloside, dioscin, timosaponin and other medicinal
materials are used as examples to analyze the microbial transformation mechanism of saponins, in order to provide reference for the
biosynthesis of saponins and the development of new drugs.
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Table 1 Microbial transformation pathways and fermentation strains of ginsenosides

1 27 R R

HW  AHRETR Cordyceps sinensis
HEEFC Coniochaeta sp.
B 5L /R GE17-7 Burkholderia sp. GE 17-7
KK KB Trichoderma longibrachiatum

% SRS-69 Aspergillusniger SRS-69
Kih# Aspergillus oryzae

Hh 8 Aspergillus niger

HFYB Schizophyllum commune

Hi %5 17 Aspergillus niger sp. J7

ME KX ATE RD47 Bifidobacterium longum RD47
i i B I DCO6 Weisselle hellenica DC06

KWW FME LH4 Lactobacillus paralimentarius LH4

B T5% 7L T A 1 990 S F MIM60396

Lacticaseibacillus paracasei subsp. tolerans MIM60396

Fetbigtzr Sciik
ANZBH Rbi~ AZEH RA-AZEH F 5
ANZBH Rbi—~ AZ B Rd~ AZ B 1T CK 6
ANZ B Rbi—~ AZ B Rd~ AZ2H R 7
ANZEH Rbi~ AZ 21 Rd> ASEH Rgs—~ g

ANZBH Rgs/Rki
ANZ B Re—~ AZBF Rg. R~ AZ BT R 9
ANZ B Re~ AZEF Rgi\Rpp—~ AZEFH Rh 10
ANZ B Rf~ NS 27 Rhy 11

AZRBH Rd~ ASBH >~ A& CK 12

ANZBH Rb~ AZREH RI-ASEE L~ A 13
Z 24 CK

ANZRBH Rbaw ASEH Re—~ AZ 21 Rd 14

ANZBH Rb—~ AZRBH RdI-ASEE L~ AN 15
Z 24 CK

ANZBH Ru—KRESH XVII-ASE2H 15
F.~ A& 21 CK

AZ 21 Rbi—~ AZBH Rd> ASBH Rgsi—~ 16
ANZ B Rh

TKWGEFHERE Lyp51 Cellulosimicrobium aquatile Lyp51 NZ 2 Re—~ NS 2+ Rd 17
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Fig. 1 Microbial transformation pathway of ginsenosides
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Table 2 Microbial transformation pathways and fermentation strains of glycyrrhizic acid

BFPEA R B PR ER SCHR

HHE W2 Aspergillus terreus Li-20 (A) HHER—GAMG 23
L35 B Penicillium purpurogenum Li-3 (B) HH¥ER—~GAMG 23

LR ARFE Trichodermaviride (C) HHE—~GAMG 24

K2 39 Aspergillus oryzae 39 (D) HHER—GAMG 25

Hh % UV-48 Aspergillus niger UV-48 (E) HHBR—~GAMG 25

H% Penicillium sp. Li-3 (F) HER—~GAMG 26

WL WIREE Talaromyces pinophilus 1i-93 (G) HEEE ~GAMG 27

BKE W Chaetomium globosum (H) HEEE ~GAMG 28

fth & Aspergillus sp. CPCC480386 (1) HEE—~GAMG 29

WEIRBE Talaromyces sp.02 (1) HEEE ~GAMG 30

+ % Aspergillus terreus Li-20 (A) R — IR IR 23

HMEF Aspergillus ustus Li-62 (KD LR~ H B TR 23

5 8 HC-12 Aspergillus flavus HC-12 (L) LR —~ H R R 31

Kih#E Aspergillus oryzae (N) HE—H Bk 32

Ml 18254 Aspergillus niger 15254 (R) HHER—H R 32

il KW¥5 A5 Escherichia coli MTCC 1652 (M) H IR~ H KR 33
I B Lactobacillus murinus (O) R~ H B IXR 34

WETRFLFF I Lactobacillus acidophilus (P) R — IR IR 34

SZEVEFLAT T Lactobacillus rhamnosus (Q) R — H HOIR IR 34

A~R REAFKEEE, FE 2

A—R represents different fermentation strains, same as fig. 2
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Fig. 2 Microbial transformation pathway of glycyrrhizic acid
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Table 3 Microbial transformation products of glycyrrhetinic acid and fermentation strains

B ApSRY FAL R ALY SR
HE BT SHE Curvaria crescent KA91 (a) 7B-hydroxyl-18p-glycyrrhetinic acid (1) 37
1ERR%F Rhizopus chinensis CICC 40335 (b) a1 38
W845%7 circinella muscae (c) 7B-hydroxyl-18p-glycyrrhetinic acid-3-O-B-D-glucoside (23) 39

7B-hydroxyl-18p-glycyrrhetinic acid-30-O-B-D-glucoside (24) 39

150-hydroxyl-18B-glycyrrhetinic acid-3-O-B-D-glucoside (25) 39

7B-hydroxyl-18B-glycyrrhetinic acid-3-O-B-D-6'-O-acetyl- 39
glucoside (26)

150-hydroxyl-18B-glycyrrhetinic acid-3-O-B-D-6"-O-acetyl- 39
glucoside (27)

il 71 /N SR B Cunninghamella echinulata A 1 40
ATCC 8688a (d) 15a-hydroxy-18B-glycyrrhetinicacid (7) 40
150-hydroxy-18a-glycyrrhetinic acid (8) 40
13B-hydroxy-7a,27-0xy-12-dihydro-18B-glycyrrhetinic acid (9) 40
la-hydroxy-18B-glycyrrhetinic acid (10) 40
1B 1RELLEE Absidia pseudo cylinderospora  7B,150-dihydroxy-18p-glycyrrhetinic acid (11) 40
ATCC24169 (e)

GEOKETEE Gliocladium viride ATCC 10097 (f) 3-oxo-18p-glycyrrhetinic acid (12) 40
TARMEE Rhizopus arrhizus AS 3.2893 (g) &M 39
7a-hydroxy-18B-glycyrrhetinic acid (2) 39
7-0x0-18B-glycyrrhetinic acid (21) 39
7-0x0-15a-hydroxy-18B-glycyrrhetinic acid (22) 39
ZAIHIFHE Mucor polymorphosporus (h) a2 40
6B,7p-dihydroxyglycyrrhentic acid (3) 40
27-hydroxyglycyrrhentic-acid (4) 40
24-hydroxyglycyrrhentic acid (5) 40
3-ox0-7pB-hydroxyglycyrrhentic acid (6) 40
KGR/ NTARINEE Cunninghamella blakesleeana W5 6 41
CGMCC3.970 (i) a7 41
RAEE7/BN] 41

3-oxo0-15a-hydroxy-18B-glycyrrhetinicacid (13) 41-42

3-0x0-15B-hydroxy-18pB-glycyrrhetinic acid (14) 41-42

3-0x0-7B,150-dihydroxy-18B-glycyrrhetinic acid (15) 41-42
150,24-dihydroxyglycyrrhetinic acid (16) 43
3-ox0-15a,24-dihydroxyglycyrrhetinic acid (17) 43
3-0x0-7p,24-dihydroxyglycyrrhetinic acid (18 43
3-ox0-7a,24-dihydroxyglycyrrhetinic acid (20) 43
3-0x0-7B,150,24-trihydroxyglycyrrhetinic acid (19) 43
Ml WU Bacillus subtilis (§) 30-O--D-glucopyranosyl glycyrthetinic acid (28) 38
3-O-(B-D-glucopyranosyl)glycyrrhetinic acid-30-O-B-D- 44

glucopyranoside (29)

a~j IRERAFKEEER, [ 3

a—j represents different fermentation strains, same as fig. 3
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Fig. 3 Microbial transformation pathway of glycyrrhetinic acid!**!
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Fig. 4 Microbial transformation pathway of astragalus saponins
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