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Screening of a strain for ginsenoside Rb, transformation and
analysis of its saponin products

LI Yinfei', LIANG Yingzhong', CUI Xiuming'~, SHAO Linjiao', LOU Dengji 7,
YANG Xiaoyan*l’3

1 Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500,
Yunnan, China
2 School of Chemistry, Biology and Environment Sciences, Yuxi Normal University, Yuxi 653100, Yunnan, China
3 Yunnan Provincial Key Laboratory of Panax notoginseng, Kunming 650500, Yunnan, China
Abstract: [Background] Microbial transformation is an important means for structural
modification of natural products. Many microorganisms can transform ginsenoside compounds
into saponins with high activity by modifying the structure of different positions. [Objective]
To screen a strain that can transform ginsenoside Rb; into rare ginsenosides with high
pharmacological activity. [Methods] A total of 36 fungal strains were isolated from rhizosphere
soil and stem of Panax notoginseng and purified. Primary screening of saponin transformation
activity was performed with B-glucosidase method, followed by a second screening with
ginsenoside Rb; as substrate. The transformation products were analyzed by TLC, HPLC, and
MS. [Results] A strain F17 with high transformation activity of ginsenoside Rb; was screened
out and it was identified as Pestalotiopsis biciliata based on morphological observation and ITS
sequence analysis. It can transform ginsenoside Rb; into ginsenoside Rd and rare ginsenosides
F, and C-K through the pathway of Rb;—Rd—F,—C-K. [Conclusion] This study provides a
new strain for transformation of rare ginsenosides F, and C-K.
Keywords: ginsenoside Rb;; biotransformation; rare ginsenosides; B-glucosidase; fungi

—-E[Panax notoginseng (Burk.) F.H.Chen.] AANSRBITRRSEWD, NREW L TR,

NIMPIAS B, T2 T = PS5,
HZGAMALR =L TR AR ZEN . =LA
EEM BRI, HPAS I Rb,
GRS, MASRT C-K, F % &NRD,
i B A S R ) R ToR , BAR
WAEASEHEDP SRERME TSNS
T Rb, S WA AR, il KA L BR C-3,
C-6 1 C-20 {37 AOBEIE A B A NS AT A RERY
BUARI SO & AR 2SS Dhoe B, Ml A
Z R A E RS, kA AS BT
C-K HAHL W . FRIERY WA NS
BAT By BAPUIRRE . Wk SEERT, (HRG

PRt , Infe] K EARGH A NS BT — B HFE
KTEPL, A YA DR A S B
FBZ—, FER Ay v bk b A 0 i
U/ NV SN = R AR 3 IR S r AR DN LS S i
Tras s, Horb feR U B Sy 2 T S A 7K
fiff | 0 AL KA [R5 5 ROH B NS B A T
it , IMS2IRmA NS 81 . EWiL ek
B RN SAFIRAN . TR . RIS YN
AL SR S, N, Fu MR A S R
TEWBNAEE Burkholderia sp i NS R
Rb, AL i NS 21 Res, FALREIE 98%.,
NS BAT Rgs HABFUAREER", 2 1949 4
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PG TR E S —~—25Pum s 245 Liu S5 S
% Schizophyllum commune ¥ N2 21T Rb, #4k
NFiE NS B CK; Park FMFIHRA
Arthrobacter chlorophenolicus W TE 4 B~ %) BT
it NS AT Rb FAb AT A NS BT Fy, Hik
BORBAF 5 Jiang SN =4 - 4 o i 2
Aspergillus niger, ¥4 NS B1F Rb, Flb B A BT
S Wi BURIERHA NS BATF CK, ¥k
RIS 94%. AT WL A= IR AL I D5 T TR =
Lo b R B R B A R ELR v 2 I
A NS B A5 L =L E 2R B AT AL
S NS AT Ry AR, ik a] XA T4 Wi
AR TR AR , DASDTIE 3o A P A AR AT 24 BT P oy
IR A BT

1 HE5xZ

1.1 #R
1.1.1

BRI T 2021 49 HoR A R R
TR =L R AT RS A B e & — B aR
N8
1.1.2 EFE

¥R W 2T 4 R 15 97 35 (CMC-Na) 2 BE X
S USTA Iy v TiE i o T 4% A 29 B UK (potato
dextrose broth, PDB)}% 375 (g/L): S ER B #)
50, HAHE 15.0. T 4 % B Bl (potato
dextrose agar, PDA)}i##3L . 7E PDB H3{ mBifg
25.0 g/L,

113 EZRXFIANEE

Xf 8 i A2 B AF Rb, . C-K., Rd. F, (HPLC>
98%), VU YEvear AR RA R HIEE
Z N, Sigma-Aldrich BHEARAH]; SAER
Wby, Bl . R ER . WKL, Lkt
YR R A HE RN RERAR , ME LK
RERC I KA R w]

Welchrom C18 {41 (4.6 mmx250 mm,
5 um), JERHE A A BRA | S 80 A
1, ZHEARRHE A BRA W] 0RO A - i
WAL, ZHERPHARA ) R RS,
AR A PR A FD
1.2 &
1.2.1 TEMEYNSBHEWL

SR FWE S, R R+
20 ¢ AT 100 mL LK, BIHEHRRR
107107, 43 5 HUH B 100 pL IR A 7E PDA [
TREEFRIE b KRR E T 25 cClEIREEF4H
iR . ERBREURRIE S TR IE 2 Al 2k
H RT3 B — T I B Al Ak i B bk o B e A alifb i
R T 4 CIRTER L
122 =tZEHHEVNTEHEL

SR M S ik, R R e —
LR KRG, SR 75%I1 ZFERH 1 min,
T 2% 09 R AR AN W= 1 3 min, f ) G
B K R 4-5 U IG5 J1 81 5 A0 B S 1)
ZEBTRE, JFICEE A (0.15 mg/mL) & &R B A
(0.15 mg/mL)BifREEE = 1) PDA $igidkrh .
BRI E T 25 cClHIR S M P B iR, BEA
PR RE S M TETR A TR0 2k, B 2155 5
— P g BN AAE B TR bR o R e 2 4l R T 4 °C
TRArg
123 7 p-AEEEHEREKNTE

RO N 2 8 B e A T B0 BOW 5 1Y)
KA, PrUAARSCRE S A 4R 1 CMC-Na
B SR RN A O e 7 - R T T ) TR AR

SHERIREPO L, vedtr= i W i
B, I 1 5 375 B P RN o v AR R L A
(HC fH), HC {H=3i% W& H 1% (hyaline circle
diameter)/[# % EL#2(colonie diameter), HC {Hifk
KA TE R A B~ 45 8 i A RE 7 B

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2130 (YIS Gk

Microbiol. China

124 SHEEUASEE Rb, BHRHTFIE

SR P-4 20 W Tl TR e ) O 208 A % 3 15
2l Ak 1) B AR R AT W0 20 0 3k 2 th B PR PR (2
W2 R R AR EE), T — P UANS R
11 Rby P W) 0 0 B R EA T R T A AT 1
) 52 1 -

ARSI E T 25 XTI R fb e, o
AR 2 FTALGFR SR R, ASEnA
Z AT Rb)). B AAEFRET RN AZS
HAF Rby, ANEINE) AR AL (3R 3k p R
WINAZEA Rby, XIRME), BHRE 3 1
HE,

M 1.2.3 HrE$E HC (EEE KN TRAR S B R
P TR B AR B FEFE R 26 °C | 160 r/min FE K
7% 3=5 d JE AR 4 0.05 mg/mL A S BT
Rb, (AZ B /KRR E N 1 mg/mL 1
VWL, BRI 1 mL), ZESHEIKEESRE 20 d,

FEH (%) =FE AL P W 1) B (mg) /% AR R 1
(mg)x100,

125 EHHESERNERD TFEMZLEE

B AR R AR RE F17 BUH 768
PR 2% T BB T 22 82 F0 T PDA 5373 I
HCE T 25 CCIERIEFRAA TSR 3 d, WETFId R
PIPR F17 MTE AL , 38 2o 28 30 B i s R
[E3I

PR T I E R A YR B A Wl 1T
ITS BLH P H 3BT e , AR 80 fil P 25 1 A%
£ NCBI HlbA7 EX), AR & i Pl
FIFH MEGA 7.0 3ffi i €842 (neighbor-joining
method) {4 R G & B .

1.2.6 LIRS 4R

TLC Hal oA : & TR K A E T
L, )RR BOE T EYZ T TLC &, JBIT
Nk G B KR 6:3.6:0.25 AN
10%Mi IR - LS, 110 *CHNFE i 4.,

HPLC fl MS Z3#r: Welchrom C18 {&i#E

(4.6 mm*250 mm, 5 um); %ii#E 1.0 mL/min;
i 40 °C; KIS 203 nm; FEEEE 20 pL, Pk
WA LR 1,

2 BER54

21 WMEYMSTBESLER

M= ZE RIS B 17 MRE . IRKARIC A
FI1-F17. =LA FR bt or et 19 BRI,
RKARIE R S1-S19,
22 FR-EEEEMEARNFIEISER
221 =tEEREDFEER

Wil CMC-Na i3 vk ibA To0i, o
YEHY 15 BRAEZE CMC-Na 35358 3 v = 4 57 B 1Bl
PR, O B BB A R B I3 2 T/, HC {E=

®1 ENREGEEREST

Table 1  Elution conditions of HPLC

I} ] AK B ZJif§

Time (min) A Water (%) B Acetonitrile (%)
0 80 20

30 80 20

60 55 45

78 25 75

85 0 100

*2 ARENHNZEREERSEEERL
Table 2 Ratio of transparent circle diameter to
colony diameter of different strains

WSS 5 B W% HAZ HCH

Strain No. Transparent circle Colony  HC value
diameter (cm) diameter
(cm)
Fl 3.2 2.8 1.14
F2 2.7 2.4 1.13
F5 3.5 22 1.59
F6 2.3 1.6 1.43
F10 3.6 1.9 1.89
Fl1 5.6 5.1 1.09
F16 3.1 3.0 1.03
F17 4.0 34 1.17
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75 W P8 A2 R V& AR, HC (B AR R bk 7 A=
B-H 2 BE T A BE T BRs , T ARERE HC fHEK
AR RRIEA TSR A 525 . 26 2 HURJR HC fHEK
) TR A o
222 =tEHEWMEMFEER

it CMC-Na BiR3Ext ikt A roi o,
e 8 BRABAERG R h ™ 25 3% B R 1 TR i, Lo
HH RN R V% AR AR 3 PR, HC {H=BWEE
R IHVE HAR , HC (MR R Rk = B- A
TR AE 1A, BT DAE £ HC (A 5K B ikt
IR HIMSESS . % 3 HER HC (B R B ERE
23 SUEUASEE Rb BKIFIESER

VEFERETE CMC-Na K56 =B il H. HC
HA KRR S3. S7. S8, S11. S13, F17 i
TR RS AL LS . LIRS 21T Rb,
FHEE, PR S8. S11 Fl S13 7Ei# )= (it A
HH BB S5 8 /IR BRE s, 3R s SR TR AR T R G
BeAbAE ST, Witk S7. S3 M1 F17 7E3)2 (i I
PR /IMRPESE R, RVTHAW A S BT Rb,
Ak M H A B AT RE S . SRR F17 MIEL, Btk
S3. S7 ¥Ab WA B —, WK F17 BB A
ZBAF Rb b AS BT Rd. F,. C-K, HE%
AR . i, BB F17
HEAT A S

*3 AREHRHEREERSEZEERL

Table 3 Ratio of transparent circle diameter to

colony diameter of different strains

wtkams B ER R BAE HC {1

Strain No.  Transparent circle Colony HC value
diameter (cm) diameter (cm)

S2 3.9 1.5 2.60

S3 5.6 5.0 1.12

S7 4.3 2.2 1.95

S8 5.0 2.1 2.30

S11 4.2 1.7 2.40

S12 0.0 2.4 0.00

S13 6.0 2.3 2.60

S16 4.6 43 1.06

2.4 EFk F17 3T 2K EH Rby BEDEEKL
KRR

WXL I TLC Lkl , & PLLL
NS HEAF Rby WY K EE 15 d BF, AS AT Rb,
WA EEAL NS AT Rd; KEE 20d B, K EE
YA NS EAT Fy. C-K 2B BRI E Y
W, AZRAF C-K MMERIrgm; ki
25 dif, AZHEAH Rb JLTHE25E 1),
XTEEAL = UEA T HPLC 20 # (I 2), AR i T AL
A =Y o BT IO R R A AR
LI 3. HPLC 2555 TLC K45 51 —5, 79
AR EERE A S B Rd. F, il C-K.

RV RE F17 %5 A2 21T Rby A Y AL
FEAE , LA AR TP AL IR B itk A T T B
AW, % F HPLC 1 MS K il 5 92 % e Ak =
YA T 8 PR S GE BT, A5 AL AN 3 B [l E
HPLC (B 2) & MS (B $fizs Bt —Hfe T

A B 1 3

5 7 9 12 158 20 25
s b e

Time (d)

El1l #UIBEPAEERUEEKFLI7SASE
HF Rb B TLC R A: MBS ASEAT
Rb;. Rd. F, il C-K. B: RigF e+ X B4 ; 1. 3.
5.7.9. 12, 15, 20, 25 4 F17 Btk7EARI B 3
KEOF NS BAT Ry, B LS53R

Figure 1 TLC analysis of dynamic change of
ginsenoside Rb; during biotransformation process by
strain F17 at different time. A: Ginsenosides Rb;, Rd,
F,, C-K. B: The culture liquid of strain F17; The

results of ginsenosides Rb; by strain F17 at different
transformation time (1, 3, 5, 7, 9, 12, 15, 20, 25 d).
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180 1 25001 —a—Rb,—e—Rd —4—F, v+ C-K
Bl 2000

L s
0 g 1500
Z 90t Re; E
Rk, =
L F, E 100
60 Rl:i,Rd 2 F"kmwﬂj K % 000
L \ Lk Z
30 &iiLF_J‘_' o B 500
of C
1 1 1 1 1 1 1 0
45 50 55Fr.60 65 70 75 0 5 10 T >0 55
1ime (mm) Tlmﬁ (d)

2 ¥ F17 33 AS 2% Rb, 24~ HPLC
A: X AZ AT Rby L Rd. Fao Rgs, Rk,
C-K.B: WHE+REFRIEXTREL]. C. BT fbd
Figure 2 HPLC analysis of transformation products
of ginsenoside Rb; by strain F17. A: The peaks:
ginsenosides Rb;, Rd, F,, Rgs;, Rk;, C-K. B: The
culture liquid of strain F17. C: The converted
products of strain F17.

C-K
[M+HCOO]
667.436 2

718.

1625.312 8

co——lbbbhhnbononuanwolooo——iits
SN NSNS NS NSNS hSNSAhSRO S

S OO O OO0 OOOOOOOOO

796.627 5

E3 BEHRFITEUASEEF Ry IERFEFHS
HMEETWK JKW: AZEIT Rby; 7 AS
B Rd, F,, C-K

Figure 3 Dynamic change of ginsenosides content
during biotransformation process by strain F17.

Substrates: Ginsenoside Rb;; Products: Ginsenoside
Rd, F, and C-K.

966.000 5

Rd
[M+3CI]
982.991 3

F,
[M+HCOO]
829.497 2

897.501 4

620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940 960 980
Counts vs. Mass-to-Charge (m/z)

4 TH¥ F17 3t AS2H Rb, EL R0 MS Elig

WS A BB

Eth Rd. F, fil C-K 2N Rb; IYEEALF=H), X

Figure 4 MS analysis of ginsenoside Rb, transformed by strain F17. Rd, F, and C-K are the transformation
products of Rby, and the corresponding peaks are the fragment ion peaks of the transformation products in the

figure.
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ANZBAT Rby WAL Y& NS AT Rd. Fs.
C-K. M#aE 3 v, UAZSEITF Rb AK
Yk iR 12 d B W G NS BT Rd,
Al LA AL %42 N Rb—Rd; KR 20 d
B L= 3 in T AZS 217 F, Bl CK, 454G
A MEERE R, TR AT Rd AR AR
AIAEA 2 %, 43 3JE& Rd—F,—C-K Fl Rd—F, fil
C-K. K T —HAAS BT C-K Wik, 3
TIAANS BT Fo WY T A(BL 5), S
ATLAE , AS BT F, ATl C-K, #E
ANSRBH F, 5k R FooC-Ko Z5 BT LI
ENZ BT Rb AL NS4 Rd. F, # CK,
Ak %45 Rby—Rd—F,—C-K. Ftk F17 %} A
Z AT Rb, 0] e Lk 12 L 6.
2.5 HPLC MR
PR F17 LA 1 mg AZ AT Rby MR T

SRR, Ak T T R R
F, Fil C-K, ‘EAN TR fe 532 0.53.0.11 F10.10 mg,
DL E =883 500 53% . 11%A01 10%.
2.6 EHKF17IESERT FEMFEESR

MK F17 76 PDA 53328 R M A6, )5

m%m%
H .

BAH IR AT A el BURT 22, W5
FEICBIRAR, WWE, WikH miRE A 7).
TR T ITS FERFPIIE S, BFEsR -
£ NCBI Hil4 7 HEXT, itk F17 5 Pestalotiopsis
TR ITS FEAIRIARRIES 100%. #1 MEGA 7.0
B AFiE 1T neighbor-joining ARG L FW, 45

U 8 fisn, WMk F17 5 Pestalotiopsis biciliata
A Rd Rd F, F,

5 ik F17 AS S Rd 1 F, 5L RE

TLC 734FE A AZBATX I
Figure 5 TLC analysis of the transformation of

ginsenosides Rd and F, by strain F17. A: The
ginsenosides Rd, F,, C-K.

Gle-Gle-0

Glc

6 Btk F17 X AS 2 Rb, #ITH LI AT sE LR 1R [E
Figure 6 The proposed biotransformation pathway of ginsenosides Rb; by strain F17.
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A N
\. Y

B 7 Btk F17 WEEESHE A Wk F17
AR VE LA, B: BERE F17 274 2K 500
Figure 7 The morphological characteristics of
strain F17. A: The photographs of the colonial
morphology of strain F17 on the plate. B:
Determination of cellulose hydrolytic activity of

strain F17. C: Fluorescence micrograph of mycelium
from strain F17.

Pestalotiopsis camelliae (NR120188.1)
92

55 Pestalotiopsis fircate (NR120087.1)
L Pestalotiopsis intermedia (NR120184.1)

Pestalotiopsis biciliata (KM199309.1)
98

U Pestalotiopsis biciliata (KM199305.1)

98 ‘
F17 (SRX18390690)

Pestalotiopsis anacardiacearum (NR120255.1)
—

0.01

El8 Ftk F17 & T 18S rRNA EEFHIHMENE
ZEREWR  FES N HEKD ITS J¥57E GenBank
MBS 5 42 A MU EUT A bootstrap i 5 AR
B Ry i AR

Figure 8 Phylogenetic tree of strain F17 based on
18S rRNA gene sequences. Numbers in parentheses
represent the accession numbers in the GenBank for
the ITS sequences of the strain; The numbers on the

branches refer to bootstrap values; The scale bar
represents sequence divergence.

LT F—332, FREGRRBAE, L% E mPk F17
Ji ¥l 4 % A& B (Pestalotiopsis biciliata).

3 WwE5&#

Itk F17 884 &0 — L S E s n
ASBEH Rb, #Hibhy =-LAG &7/ EE T
A AZ 2 F,. C-K IASREH Rd, ik
A2 Rb—>Rd—F,—C-K, 7785512 53%.,
11%F1 10%, ZIEAREMEEA TS 75045007, %
R PR W 45 O LA 2 B 8L JE 1R (Pestalotiopsis
biciliate).

Xif EL SR AR IR W) K= R 25 R R s, AT LU H
W P. biciliate BERE/K NS 24 Rb, 1) C-20
P OBESL, CREAKARIL C-3 1 b ARESL . fEiX
A FEH, P biciliate 15 JE/K AR C-20 {7 SMIlA
S, HYOKE C-3 (i SMUBES:, f5J5 K g C-3
LRI PIBE L, (AARBESE— 2K C-20 {7 ]
Wi, ®mZ97HEANSEIF R, Fo 1 C-K. HIL
AR AR X — ik Bl 2 AS AT C-K,
AT AR A A ] B[] BE 7= A= 9 2 1 1 R A R o]
# NS BT RdF Fa.

AR R ELG 4 St 25 R Y
MRS, WA NS B R E RS S, H
Hor R e T B2 W T R A A BE e
=L LRSI AS BT R A
NS AT R o HL 20 HTE R 0 A R 2R 1 2
. NSRBI Rb &=L & m 2 i
I, ASCE R I P. biciliate AEXT HBERLHE 715
i AEEAL , AT AR A5 25 BRGNS 02
17 C-K %, Nll&HA NS BT R TH Y w
PR UE,  [R)BfSAy LRRAEAb AR = SR AL T SR A

REFERENCES

[1] BREWE, BT, RNBCE, &EAH, =G =tk aed
X AR B 8 2R G0 R AR R ST 2E S [J]. 2019(1): 88-92,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



P KE NS

A Rby FALE R IE S AL M) 0t

2135

(2]

(3]

(4] X

(6]

107.
CHEN LN, CHEN Y, LIU WJ, HUANG ZY, HAN Q.
Research progress on the effects of total Saponins from
Panax notoginseng leaves on central nervous system[J].
Study on Zhuang Yao Medicine, 2019(1): 88-92, 107 (in
Chinese).
CAO LG, WU H, ZHANG H, ZHAO Q, YIN X,
ZHENG DR, LI CW, KIM MJ, KIM P, XUE ZY,
WANG Y, LI YH. Highly efficient production of diverse
rare ginsenosides using combinatorial biotechnology[J].
Biotechnology and Bioengineering, 2020, 117(6):
1615-1627.
3am, FEH, JKIEA, B, . UPLC IEIE
=L ERTTED]. BRI EHE, 2016(14): 274-275.
Al Q, LEI Y, ZHANG HC, XUE KP, JIN YL.
Determination of total saponins in Panax notoginseng by
UPLCJJ]. XianDai NongYe Keli, 2016(14): 274-275 (in
Chinese).
XVES, TR, B, plett, EAE0], fhiig. Bk
ﬁﬂbﬁk%’q’: L2 B R A MAS BT Res B9 LT
1. HHEZY, 2018, 49(14): 3245-3251.
LIU HY, WANG CX, YANG Y, YANG XY, CUI XM,
QU Y. Optimization of production of ginenoside Rg5 by
method of total
saponins from stems and leaves of Panax notoginseng|[J].
Acupuncture Research, 2018, 49(14): 3245-3251 (in
Chinese).
sKEEe, WA, M, eI, MR, RFLL
MAEMHEANS BT Re HAZEH Rhl WP
R E RS, 2017, 36(11): 114-117.
ZHANG LN, MING YS, QU BQ, QUAN YL, CONG JX,
WU XH. Microbial transformation of ginsenoside Rhl
from ginsenoside Re[J]. China Brewing, 2017, 36(11):
114-117 (in Chinese).
GEESE, skatHE, ik, BURE. AS R R AW
HA i 48 Rhy[J]. ASWF5T, 2018, 30(3): 6-10.
LIANG ZQ, ZHANG JL, JIN HZ, CHENG YQ.
Microbiological transformation of ginsenoside Rg3 into
Rh,[J]. Renshen Yanjiu, 2018, 30(3): 6-10 (in Chinese).
YANG CS, KO SR, CHO BG, SHIN DM, YUK JM, LI
SJ, KIM JM, EVANS RM, JUNG JS, SONG DK, JO EK.
The ginsenoside metabolite compound K, a novel agonist

microwave-assistant  degradation

of glucocorticoid induces tolerance to
endotoxin-induced lethal shock[J]. Journal of Cellular
and Molecular Medicine, 2008, 12(5A): 1739-1753.

WANG CZ, DU GJ, ZHANG ZY, WEN XD, CALWAY
T, ZHEN Z, MUSCH MW, BISSONNETTE M,

CHANG EB, YUAN CS. Ginsenoside compound K, not

receptor,

Rb1, possesses potential chemopreventive activities in
human colorectal cancer[J]. International Journal of
Oncology, 2012, 40(6): 1970-1976.

SONTE, FIRGE, WAHE, BRI SRR, XA,
B, SRR, AR EMFALMUT D). b
FE R 40, 2018, 20(4): 52-60.

CAI XY, YAN PS, GAO XJ, CHEN QQ, GUO CL, LTU
RD, LIANG H, ZHANG MC. Research progress of
ginsenoside biotransformation[J]. Journal of Agricultural
Science and Technology, 2018, 20(4): 52-60 (in Chinese).

(10] R, A0, ERIM, F09, *ﬁU\ EEE WA

[1

Yk e b N2 B o i
2017, 38(14): 196-199.

NAN B, YOU Y, WANG YS, WANG XZ, LI WC,
WANG YH.
transformation of ginsenosides[J]. Food Research and
Development, 2017, 38(14): 196-199 (in Chinese).

]JFU Y, YIN ZH, YIN
ginsenoside Rbl to ginsenoside Rg3 by endophytic

. BEMFR S,

Research  progress on microbial

CY. Biotransformation of

bacterium Burkholderia sp. GE 17-7 isolated from Panax
ginseng[J]. Journal of Applied Microbiology, 2017,
122(6): 1579-1585.

[12] YUAN ZG, JIANG H, ZHU XH, LIU XG, LI JH.

Ginsenoside Rg3 promotes cytotoxicity of Paclitaxel
through inhibiting NF-KB signaling and regulating
Ba,/Bcl-2 expression on triple-negative breast cancer[J].
Biomedicine & Pharmacotherapy, 2017, 89: 227-232.

[13] LIU Z, L1 JX, WANG CZ, ZHANG DL, WEN X, RUAN

CC, LI Y, YUAN CS. Microbial
protopanaxadiol-type ginsenosides by the edible and

conversion of

medicinal mushroom Schizophyllum commune: a green
biotransformation strategy[J]. ACS Omega, 2019, 4(8):
13114-13123.

[14] PARK MK, CUI CH, PARK SC, PARK SK, KIM JK,

[15] JIANG YY, LI WN,

[16

JUNG MS, JUNG SC, KIM SC, IM WT.

Characterization of recombinant B-glucosidase from

Arthrobacter chlorophenolicus and biotransformation of

ginsenosides Rbl, Rb,, rc, and rd[J]. Journal of

Microbiology (Seoul, Korea), 2014, 52(5): 399-406.

FAN DD. Biotransformation of
ginsenoside Rbl to ginsenoside CK by strain XD101: a
safe bioconversion strategy[J]. Applied Biochemistry
and Biotechnology, 2021, 193(7): 2110-2127.

6] XL, sRERT, tRkne, LW, Bk, RN
TR B 5 B e 77 2T 24 2% W Tk 1052 i) DR IR R 5 (0],
Padbfl 748, 2007, 16(5): 279-281.

LIU QL, ZHANG JX, XU RF, KONG FB, HUANG WD.
The influence aspects on using cellulose culture medium

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2136 WAEY

e Microbiol. China

containing Congo red differential medium to screen
microorganism producing cellulase[J]. Acta Agriculturae
Boreali-Occidentalis Sinica, 2007, 16(5): 279-281 (in
Chinese).

[17] RF00, XK, Mrus. BME Aspergillus niger 3t NS
BT Re MRUED LI, HESABEZY, 2011, 18(33):

7-9.

WU XL, LIU C, CHEN J. Microbial transformation of
ginsenoside Re by Aspergillus niger[J]. China Modern
Medicine, 2011, 18(33): 7-9 (in Chinese).

(18] ZRM3E, Wett, WRTW1, s, FORE, s, &

FHH., —HRHEYINAE Coniochaeta sp.3F —-L B R2T
T AZEH Rbl BRSPS S ME D). T2k,
2016, 39(5): 1075-1078.

GUO CL, YANG XY, CHEN ZM, WU S, WANG CX,
HUANG LQ, CUI XM. The content determination of

biotransformation of Rb1 in the total saponins of Panax
notoginseng by a plant endophyte Coniochaeta sp.[J].
Journal of Chinese Medicinal Materials, 2016, 39(5):
1075-1078 (in Chinese).

(191 B IAL, B4ih, RME, BRITIC. 1 R e il 1 e i

R F10 T 10 58 B il 2 R B ST 0], B dh B, 2019,
44(4): 18-23.

YANG LQ, MAO JS, SANG P, CHEN GY. Screening,
identification and enzymatic properties of a strain
producing thermophilic glucosidase[J]. Food Science and
Technology, 2019, 44(4): 18-23 (in Chinese).

[20] PRUK, HEARMS, sCBCHL, Juokil. s Eer 4 R e

PR, R INUBE A B4, 2019, 41(3): 64-66.
XU Y, CUI JP, WU QY, FAN YS. Screening of edible
mushrooms with high cellulase activity[J]. Journal of
Tangshan Teachers College, 2019, 41(3): 64-66 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



