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O E: [¥5] ££%% % (Epimedium pubescens Maxim.)Z 45 % 25 Bl A4y, 258 sy 224
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TN B E AT, SR AR EMRS RN R LGB L . KA LR E R AL B R R AR
ZCRE. pH. EMKE. /%7’7/1’«/%‘) VAR B MA 7K (0.01-0.12 g/mL 7K4R &) BAT < 46 2 %) DL,
PAE B ARE R, (4R ] o & R 3847 8 (Bacillus sp.) MY202402-3, HALEEZ T a-L- %,
245 85(18.7 U/mL) 5 B-F HAEFG3 UmL)EX I E; £4 0.01 g/mL KIZzegszsittd, 4
FRCPHHNEETEFITHARENA A 88.10%5 21.13%. #BEZ & R &4 4 50 °C. pH
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Screening of a strain for biotransformation of flavonoids in
Epimedium pubescens and evaluation of its biotransformation
effect on epimedin C
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Abstract: [Background] Epimedium pubescens Maxim., a traditional medicinal plant, contains
flavonoids as its primary bioactive constituents. The bioavailability of certain highly glycosylated
flavonoids is limited due to high glycosylation. Biotransformation enables directional preparation of
low-glycosylated flavonoids, representing a potential strategy to enhance the druggability of active
components. [Objective] To screen functional strains capable of efficiently converting epimedin C
to icariin, characterize their key enzyme systems, and improve substrate tolerance/conversion
efficiency through microbial domestication. [Methods] We isolated strains from the rhizosphere
microbiota and the phyllosphere microbiota of Epimedium by habitat-specific sampling. A thin
layer chromatography (TLC)-HPLC system was established for the monitoring of transformation
products. The phylogenetic analysis (16S rRNA gene) and glycosidase activity profiling were
employed to identify the strain and functional enzymes, respectively. Single-factor experiments
were conducted to optimize the crude enzyme reaction parameters (temperature, pH, substrate
concentration, and enzyme activity). Six rounds of gradient stress domestication (0.01-0.12 g/mL
aqueous extract of Epimedium) were implemented to evaluate the adaptive evolution of the strain.
[Results] Bacillus sp. MY202402-3 was isolated, with its crude enzymes demonstrating notable
a-L-rhamnosidase (18.7 U/mL) and B-glucosidase (3.3 U/mL) activities. In the medium containing
0.01 g/mL aqueous extract, the average epimedin C conversion rate and the average baohuoside I
yield reached 88.10% and 21.13%, respectively. The optimal reaction conditions of the crude
enzyme were 50 °C, pH 7.5, 1.2 mg/mL substrate, and 10 U/mL enzyme, under which the epimedin
C conversion rate and the icariin purity reached 95.20% and 96.78%, respectively, within 2 h.
Post-domestication, the conversion rate improved to 90.93% in the medium containing 0.10 g/mL
aqueous extract, and the baohuoside I yield reached 26.96% in the system containing 0.08 g/mL
aqueous extract of Epimedium. [Conclusion] The integrated microbial screening-domestication
strategy significantly enhances epimedin C biotransformation efficiency, providing insights for
improving the bioavailability of herbal extracts. Concentration-dependent optimization
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demonstrates scalable industrial potential. As the Bacillus strain reported for Epimedium flavonoid
transformation, MY202402-3 expands the application scope of Bacillus.
Keywords: biotransformation; microorganisms; epimedin C; icariin; baohuoside I; HPLC
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Figure 1 Epimedium flavonoids skeleton structure.
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Figure 2 Microbial transformation pathways and products of Epimedium flavonoids. (D: Mouse intestinal
bacteria and enzymes!!”); @): Thermofilum pendens DSM3960!!3); (3): Cunninghamella blakesleeanal'®!; @:
Streptococcus sp. MRG-ICA-B, Enterococcus sp. MRG-ICA-E, and Blautia sp. MRG-PMF-11"; 5):

Trichoderma viride?®; ®: Absidia sp. E9r?!); (D: Pleurotus ostreatusi?’l; ®: Glycyrrhiza and Morus alba
cell suspensions?3!. Glu: Glucose; Rha: Rhamnose; Xyl: Xylose.
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30°54'59.47"N, YK 930 m), REEFWINEFE
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5% W5 ¥ (potato dextrose broth, PDB)FI th4%
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R Tk el A B AR IR A Al BB
B (g/L): EAM 1.0-5.0, BEEHEEY
0.5-2.0, K:HPO, 1.0, MgSO47H,0 0.2, CaCl,
0.01, FeSO40.001, F4H# 0.01-0.1, 1 0.01 g/mL
e F K PE R BC T (pH H 2R

fIi g B 3R 848 121 °CZKTH 20 min, KB 5

2 HPLC Bk 7% FREKEE W 5 i ik [ 28 B
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rhamnopyranoside, pNPR), Fg 5l SE A P14 AR
PR Al s 4-fid 2 28 5L -B-D- i Mg A 2 BE T
(4-nitrophenyl-B-D-glucopyranoside, pNPG) , X fif§
IR W} (p-nitrophenol, pNP), i 2: Y8l £
BIRAHE]; O, FERCHRBHE (P EDA R A
Hy LPROTR. WEEM O, AR L2
i A BRZAE] 3 0.01 mol/L PBS 2% Wik (pH 7.3),
T Sy e B Tl bel v AR M H R G BR A H o

TSR TSR C18 (A 3h:, ZeHEE Rt
F(PEYARA A A RIEES, BILREE
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35-60 min, ZJE 25%—71%); Vi 1.0 mL/min;
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X BRI W 25 S RS R GHAE E AL
HIZEE B, WHAEE C. BRI EETIE
a1 10 mL A&, AW EERG, €52%)
FE, FRA), BN RS E W, A SIE 200 pL
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I R (3 it VA R - BB R 28 TR
74k, 60 CCHLTRytE, i =S, MK
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IR AR S VR 2% RS B AR R] —
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=

DENITNVAS: ot SN = Y N 34
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BLAST Fb X 16S rRNA R BEE, F 2041
P£>98%MZ=% 741, >k H MEGA 11 () MAFFT
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S0 d (TR A FR 1L 305, 7 d
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pNPR)F 37 °CIEIEIFH 10 min, JIA 100 pL
1 mol/L Rk R N2 1k KW FF- Fo o S £5 7 ) pNP
RS . ZOEE#E 2 min B0, TR
1% 405 nm PR ME pNP FRAE Mg . A
KNGOS R, Hrp A (4) A SL5e R FH 1Y)
pNP & AL T30 A (5) i 7 I E o
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NS AC AR BN S a] PR P e B AR A
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1.8.2 BRI EHMRK

ARG FHERE . pH . WG Sk B IRk
JEXT AL ERAE . C AW ARBCR I, I
b T 2240 IR AE pH 7.0 (1 50 mmol/L
PBS. fif}i% 77 20 U/mL . IK#) 0.4 mg/mL &4 F,
T 40-60 °CYaF N & 5 MR, REEIFE 5 °C
F—ABEEE, Ay AT 2 h N RS AR E
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6.0—8.0 Y [l N X e Ak e iy s e, H v g A B
0.5 K 1 NBEEE; i — DB EEHHG SIURBEQ2. 5.
10, 20, 40 U/mL)FRPIHEE0.1, 0.2, 0.4,
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5 HPLC L4545 IE W E C S bR R 58
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1.9 MUCEH®REFEN
1.9.1 EEF pH MEHEE C £&E LD
A

T S R TE AL TR R DL S% e ph i A
AR R SR HE, 43 AIHE 25, 30, 37 °C&MHF
200 r/min #R3FGHFE 7 d; R HPLC LK &
FEE CMERETFIG 2, THRHARIEA,
TN, i il R IR . TR ARIR
PE— W46 pH (6.0, 7.0, 8.0)XF LR
B2 . 45 B R BRI R 2 pH PR 5 B9
FRIE, AR RN RN SR 7 d, T
FERLUR G o T BAR o & i, A G iR e
L pH YE .
1.9.2  MLRE SIS N R

W TR A 5% RN HEFP T4 0.02 g/mL
AR AL B R AR (10 mL)
30 °C. 200 r/min #7155 24 h K155 1 R
W5 B S LA S% 2 b i AR R e 12 28 R S 8 K B2
e BE 6 14(0.01, 0.02., 0.04. 0.06, 0.08, 0.10,
0.12 g/mL) ML b e BE3E 732 e v i AT 40 94k
%M HPLC LM R [E] 50, 1. 3. 5 d)
I C. B ETFTMREFTIN S BRIt
BEREALR A LR, I Ak U L B M
Wik, BARKE R e, A 2t IR
4 °CIRH -
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JF A s 9% il Excel 2016, Origin 2022,
IBM SPSS Statistics 24 il GraphPad Prism 9 47
SRR TR BT SERRI T A 3 IR,
A one-way ANOVA #4754 o4 .
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2.1 EFEEMEMST HPLC 5K
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ZHEEE A5 WA R o R 2 38 S B S
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FEE A (Y=15.918X+0.235 5, R=0.999 6). #H7E
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(Y=21.532X+24.662, R’=0.999 5). V% ¥ 7 H
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LI N 5.18-166, 5.77-185. 5.00-160 .
3.12-200. 3.75-120 pg/mL. A5y R 6B,
HIFEE A, I B, HIFEE C. BFEAERME
FEHLX 5 FPRLsT -2 R B IRl 53- 31k 13.144
15488, 17.187, 21.313, 45.066 min, #5057 5
RAF, W2 e o b sk o M4 [l 5 # i 5E
M & 2R o B, BAREE AL BAERE B
HIZEE C. MAEFET . BRI 5 5h
0.67%. 0.61%. 0.92%. 1.78%. 0.50%. i 4 Ff
B AR 3.99% , BT DL A o8 B 28 2
FFE22% SCIRNE o 1 FH V58 10 i V4 R L
1 o B 2R D IE A8 R A I A5 B R AR AR K
PR, MR 5 Foh 32 B 2 B4 1 Ao
(0.402+0.007)% . (0.504+0.008)% . (0.787+0.003)%.
(1.362+0.012)%. (0.213+0.004)%. & 3 Ky 5 Fhiz
FAEWEAZE BB HPLC 3Rl , it S5hn i
i U B B () B X AT R A7 e PR A T
22 ARIEERHYNEHEEE C MEE
HIFF I LE

LIRSS IR, AR C F kR
[, SRl B AT Bos 2 I s
B2 A FIXT HR AL O B X K BHPE X AR 5 [R]
RIS R B, ISR B A9 iR i
K, HRhSLmH A, XHRARM. FiRss
$en, SEEdH B XEIEE C (B 4A) A A
L (K 4B R RAE ISR o 2 i, B DAIE+
SIS B (RN RS - Rt R i i
1750
23 EMEREIEMMHANMENESE
IEFER

PRI R T R B, RS SR AR A )
ARKEARIER, Hook A REYE
KRB TR AL, MR A4 T8 s
FEL (K] 5)0 HeAh, i AR v B AR B
82T HIERW(E S).
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B3 EFERMEMROSSVRMECIEER A =
FIXTRREL; B: AX S C: iRtk D:
KPR AL 1 BIFEE A 2. BAEE B; 3:
WIE s 4 WA S HAEIL

Figure 3~ HPLC chromatogram of flavonoid
components in Epimedium. A: Blank control group;
B: Mixed reference substance; C: Leaf test; D:

Water extract test. 1: Epimedin A; 2: Epimedin B; 3:
Epimedin C; 4: Icariin; 5: Baohuoside I.

24 FEMEEER
241 EHEESNBRBRGER

Wt Ak g: 2.3 h it A R
A IFSEAT TLC %5E , 15 2 kRO RETE Bk
MY202402-1 F1 MY202402-3 . 1§ ¥k MY202402-3
IR 7 d JE(B 6)RFAE T AR, EAT]
L, RILH HALEE T ; T AR MY202402-1
7 14 d LU ERAR(E 6), FTLIARE BIRAME .
RS ME R RIE 7), Bk MY202402-1 £
FEg IR, Z2AR3C8, G5a8eERE, A HGE
(1 7A), BHOWELETE/IMIRCR(E 7B), Al fE
7 il 5 J& (Aspergillus) 2% % % J& (Penicillium) &
Flvs AR MY202402-3 3L A @RI % (4 70),
B2 [ PH MR (B 7D), X AP AT
FE . I, %55 TE), 2 RN
IR, JoZF AN £ (& 7F),

A
1.2 meee Positive control strain
-~ Control zone group
M Experimental group A
E 09F \1 Experimental group B
= ¥
z
[ =]
8
S 06
& .
° 5
=l
g I
E e 7 q
0.0 L I I I 1 I |
0 1 2 3 4 5 6 7
Time (d)
B 3

-----Positive control strain
------- Control zone group
Experimental group A

Experimental group B

Amount of substance (pumol)

1 g -;LI‘.‘,-';
0 1 I 1 (8 1 1 1 J
0 1 2 3 4 5 6 T

Time (d)

4 FEEEEHMPEE C AFIEEHI(B)
HIRZ I

Figure 4 Effects of microbial communities from
different habitats on epimedin C (A) and
baohuoside I (B).

242 16SrRNAEREFIINESREAE
M RER

PR MY202402-3 1 16S tRNA K FE4)
242 % NCBI, GenBank #5554 PV277992, %t
F 168 rRNA JEH [P I RGE L E i, 1%
HHRJE T 2 /41 % &8 (Bacillus) (& 8), firss N
Bacillus sp. MY202402-3,
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B, B, A G s

6 WMIXEREZRSME A friEd; Bi:
WG MY202402-1; Ba: B555 /5 MY202402-1; Cy:
P lh MY202402-3; Cy: $59%J7 MY202402-3, a:
WIEE Cs b SRR ¢ WAL

Figure 6 Thin layer analysis diagram of test
bacteria  liquid. A: Standard; B;: Initial

5 EEREFREEZITH@O=3) MY202402-1; By: Post-culture MY202402-1; Ci:
Figure 5 Colony counting on selective enrichment Initial MY202402-3; C,: Post-culture MY202402-3.
media (N=3). a: Epimedin C; b: Icariin; c¢: Baohuoside I.

7 EHRAOESEHE  A-B: HKk MY202402-1 IETEEA . YeaBifh; C-D: Mk MY202402-3
MIRERIEE . Qe@Bf; E-F: MPILRFEEFIEES . 050 SR B8 10 25 100 FgE.
Figure 7 Morphological characteristics of bacterial strains. A—B: Colony morphology of strain MY202402-1
and Gram-staining microscopy; C—D: Colon morphology of strain MY202402-3 and Gram-staining

microscopy; E—F: Colony morphology of Lactobacillus plantarum and Gram-staining microscopy.
Microscopic observations were performed at 10x ocular and 100x objective magnification.
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2.5 BEREIKHZ KR HPLC ME #ik
BRPEFERREE

FIRR MY202402-3 194 1K ph £k (1 9) 8 7s H:
LA 405 A9 SIE i 0T A A e R R ), R
2 B R R IV TR 2 K AR VO B O i
. o B ODeoo HAL M HI KL, $EnE
FEMFEFAR . W 10 i, R b g
C WP ALCE 5 RELZIA 88.10%), #F
ARG AL, MR e i E2iE
(5 5 RAERCR 21.13%). RigRnAT. e
il 2% 43 ML AR € 3 P LT 11
2.6 MBEMENXZFHMRUER

R 8 S5 07 e Sk A M, 8 L
T o-L- AR AT - AR, AR

99

72

95

PRI 9 5 4351k 18.7 U/mL #13.3 U/mL, H
T B W A TG R AR, A
HEAFISCHEEP K o-L-FUEREE. SRS
HEIRE | pH ., BEE S E Rk E N &,
Wi a-L- M AE Y B AL BAZE 2 C B IRaE
%t

Wi 12A Fin, 7640 °CHF, BHZEE CHY
BEAL SRR, 50 °CRYIARNIE(E, RUIZEET
it i M AR, T 55 CCHF 6 ALK R %, B 50 °C
REGEIRE . pH SEE /R, pH 6.0 B FE AL R4
i, pH 7.5 Wk F04AE , pH 8.0 i FF(1& 12B),
PO M (AR A S5 S R F AL, Had & pH &
FEAREE RS S M . WMk SC, 2 U/mL B4k
FEAK, 5-10 U/mL B g 42T, 20-40 U/mL

Bacillus velezensis NRRL B-41580 (KY694464)
Strain MY202402-3 (PV277992)

Bacillus sp. FSQ1 (ON532842)

Bacillus swezeyi NRRL B-41294 (NR 157608 )
Bacillus paralicheniformis KJ-16 (K'Y 694465)

Bacillus haynesii NRRL B-41327 (NR 157609)

Bacillus capparidis EGI 6500252 (KX119423)

Bacillus abyssalis SCSIO 15042 (JX232168)

Cytobacillus suaedae HD4P25 (NR 181450)

Sutcliffiella deserti DG-18 (MN428776)
Gracilibacillus xinjiangensis J2 (NR 169346)

Paraliobacillus ryukyuensis O15-7 (NR 028642)

0.02

E8 ET 16S rRNA EEFHMEEK MY202402-3 ARG A BN

Escherichia coli U 5/41 (NR 024570)

55 N B 75 GenBank %

S AANEIECT N bootstrap SRR ;AR FR YRR 22 R R I B

Figure 8 Phylogenetic tree of strain MY202402-3 constructed based on 16S rRNA gene sequence. The
serial number in parentheses is the GenBank login number; The number at the node is the bootstrap support;
The scale represents the unit length of species differences.
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9 FEkk MY202402-3 894 KBk (n=3)
Figure 9 Growth curve of strain MY202402-3
(n=3).

3 —Epimedin C
— Icariin

—— Baohuoside |
2 -

Amount of substance (pumol)

0 1 3 5 7
Time (d)

10 FEIERMETUEZEERWLKTD
FREvE

Figure 10 Determination of the amount of
flavonoids in Epimedium under different culture days.

I TP (8] 12C), 687 10 U/mL BV A i 24
ATE R, e v R A A v AU A (H AT R A
R R E SR, 0.1 mg/mL W51k
Fiwfm, 0.2 mg/mL BIBSAH N, 0.4 mg/mL
KBNS ZSFAT, T 0.8—1.2 mg/mL W55k & [a]
FH(& 12D). LR A REAABCR 57 Y, w4
Ak 4 F R 50 °C . pH 7.5, BEWE 10 U/mL . JiE
YA 1.2 mg/mL.

TERLSMET, & 2 h WEH%LE, TLC
SriT iR (B 13), IRPIEAFEE C M5 =Rl )

11 BFEIA), EB)EFERWEHTNS
FURMAEBIEE 1. §EE A 2. #IH5E B; 3:

HIFERE C; 4: ETFAETT: 50 FAENRL

Figure 11 HPLC chromatograms of Epimedium
flavonoids before (A) and after (B) cultivation. 1:
Epimedin A; 2: Epimedin B; 3: Epimedin C; 4:
Icariin; 5: Baohuoside 1.

LT R (T W7/ PE R S g ER iU R == =T 4
AR A e — IR S, ROV AT ER B BE(0 h)
I E 8175 E C (B 14A), BRIk R+ F
AR LA (] 14B), (R A OEsiZEE C
KFAk, TFEE C Bk 95.20%, PRATal
JE 96.78%.
2.7 BB HEE

FHGZE R RN, SHEEE C 107 i s A] A
B AE 2818 T [ e bRl R AR I 28 T RS 2 1) B
BASEERAE , Horp 30 °CHN 37 °C41F T HEE AL,
R T 25 °C, FH. 37 CCRILH AR LR
(B 15A); MiRFEFFIR) S A S BIIRS E |
I PGE 2R EE TR R, HAE
AR B T TG, 37 C s 3t m 2FUK
(] 15B). 7E pH &{Htifbscsed, pH 7.0 B
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B 12 BEWMHEACEFHMHEER A REXMMMELHIEE C KEN; B: pH XTEHELTIEE C 1Y
W C: TS WX R AR E C B2 D R EEXTBEHEAL A C BRI (n=3).
Figure 12 Optimization results of enzymatic biotransformation conditions. A: Effect of temperature on

enzymatic conversion of epimedin C; B: Effect of pH on enzymatic conversion of epimedin C; C: Effect of
enzyme activity concentration on enzymatic conversion of epimedin C; D: Effect of substrate concentration on

enzymatic conversion of epimedin C (n=3).

HI7EE C AL R (- 15C) 5 22171 (F 15D)
B A BRI R Bl KRB . A Ak, BltE & (pH
8.0) T ¥ 1L &% % B A Jr B AR AR AT AR 45 — 22 T
P, MR PEFRSE (pH 6.0)0 2 B I B 8 25 (41
HER . 256 IRE S pH L5454, 37 °CHl pH
7.0 BERIA AL EE PR AR 2 1) B 254 -
2.8 TERYIINE

W AEYI I, BAZERE C $Eib R AT
WAL FEELZ R, H ORI (B 16A).

FiFR 1 d BHERALREAL, 3 d BERAR
69.26%—74.77%, 5-7 d ik 90%LL b, FHARGFE
5d AT . IRHEE(0.01-0.04 g/mL)%%
K 0%, T & R E (0.06-0.10 g/mL)
TEH SR 1-3 d BB 532 T), {H 0.12 g/mL 7EH5 5%
3 d BFRRER 72.91%, Al Pk i g ik
0.10 g/mL . 535 3 d (>75%H640 %), bRk
0.06—0.10 g/mL ., }%5% 5 d (>90%), HA e N
0.10 g/mL. ¥55% 5d, 5AbARIKIE(H 90.93%.
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A B C

E13 BMEYHEUAEECHEREIEE A
VIR SR A s B NS HRERR; C: RFAEHIR
e a: WIFEE C; b EFAET.

Figure 13 Thin layer chromatography (TLC) of
enzymatic biotransformation of epimedin C. A:

Initial reaction sample; B: Post-reaction sample; C:
Icariin reference standard; a: Epimedin C; b: Icariin.

14 EBEMEAHEE C NERHERIEE
A: WIIRRNAESL ;s B: IOVEHREML . 3. WIFEE
C; 4: BFET.

Figure 14 HPLC chromatogram of enzymatic
biotransformation products of epimedin C. A: Initial
reaction sample; B: Post-reaction sample. 3:
Epimedin C; 4: Icariin.

TEYIA L FR o, 52 58 17 TR A B B 15 57
FF () A0 B2 S 4 (] 16B). 3557 1 d B
AR A (0.12%0.83%), 3 d BEREE
8.43%—11.67%, 5—7 d ik 21.22%26.96%, 5dJ5
PEAEEH ., RHE0.01-0.08 g/mL) FAE Rk
WREE SN W PRI, MR R EE(0.08-0.12 g/mL)MY
PR T, %W 0.08 g/mL MfEYifkik
B, LRGSR R 0.08 g/mL . }iFE5d, A
RIRIE(E 26.96%, IEKIIfLAT A TC B E LT o
3 it

Har, WSR2 HTFRERIEEY
P ZEFE RN A P, Tz AR v A R T
FRERMEREE S =R, A, EREEE AL
B SR LA ERBERE AP RERE™, W
DCEEFEIR 2 MR A W G AR S Sy, WY 3
RIS E IR, IR
LT Ak & B g SR B2 A B I vk I, Yk
HH TR 327 g e JE 8 T T 114 TR AR o

A5 LR S K AR TRON I b e A
AR FR i Ak TR PR T 328 2% 7 8 7 DA i P2t
B R BRI B SR A, W A
i 126 I A0 B AR AR B Y R A A RS R o o, (Rl Ak
A 2 A 38 Iy S I B A 7 1 Ry R
IR o RFKIRAE N AR AL e B T
Ay A B 2 B AR AR A, s SR
SR S5 A ] S T A P BRI T 1 A K R
FE LR TR A AR K 19 [R] B 4R 2175 M DG il R 1 2%
ik, INITA BT T2 B A3 (A e A8

o R, LA BR R Y B 2 A
P, I H DR R AR RE A e 1 9 P50 B ST
AP, DR A a3 B Y P AR TR IR
S (1lyonectria cyclaminicola) vl T %
e EAL, LR 31T B I PR AR I
1#1 )& (Rhodanobacter sp.) GS3054 F T /K fifti%
FEAFCH, PR AHIF o 18 5 1 R bRk P 1
R UIRE AR TR R IR . SR R, A Tk R
HIERE T ENZE E C M EFTF IR S
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A ASTRIELEE XS AR AL AEE C RN B AS[A)IELEE X 1
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i (n=3).

Figure 15 Effects of temperature and pH on strain performance. A: Temperature effect on epimedin C
conversion by the strain; B: Temperature effect on baohuoside I production by the strain; C: pH effect on
epimedin C conversion by the strain; D: pH effect on baohuoside I production by the strain (n=3).

T IR A S (1A 4, I DR A 35 R AR A2 e
WA 7 IDRE TR PR BRI, TR b L e
HHERE AL T I RERIAR I B 4 o I A B R
R T X IR, W] PR - AR PR A0 AT
REHE S T INRERLAE D s X BRI T BHAE X
S R LA R S R SR SR W AT A
— AR B T A R A R 2 Ak,
AR % 2T 5, T REN v i
S LA A BRI 4 ol A ) A, A T I RE R AR

P& 5)o RASOGE RIS ERA K, IFd
HWIFEE CIHFERITAN R MRACHRE J1 . T2
LR R P SRR E C
R, OB EREFITER), SO TR
C ¥R MEEWUERCR, LIPS R 1k
ROR

ABFIEE T A R i S 90k, Bk
AT R R AL C MM TR Bacillus
sp. MY202402-3 (K 8). M T ERIEMEFE
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16 AERBEREIRENBEE C EUERAMNEEFIEREB)HIFIT

Figure 16 Effects of incubation time and concentration on conversion rate of epimedin C (A) and the

production rate of baohuoside I (B).

FE WAL TRIR , IR RRAE ol Ak TaT R
M E L SRR, MY E
(Lactobacillus plantarum)ZE 4 % 13, 37, 61 h
BIXTEAZERE C BRI HIN 8.37%. 17.67%.
15.81%1, WYk J5 B9 R Bk MY202402-3 7€
24 h F1 72 h (AL 0E 3] 11.28%F1 74.08%,
AL ZT] I 90.93%, R4 HEL AL RIRAL T
AR TR AR R B G iEB:(Komagataella phaffii)
GS115 (92.30%)4, {H A< B i Jo i 5 DR el s D
RSP LA, BT AR A, A
Ay 1 7 BT M Ak A 0 e A g PR 22 TR
PR o ZEFRAT B LA 0 R 0 A B AR (T R R 5
s B AT SR AR 25 B3, AR S i Ak R
AT BB TR T P 4 S T 2R % v 00 R 2 A
FEE 25 A ) T AMIE B 11 0T ) A i R BT g
R, FAFERES S WEAN . B-AA b
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WFFEUESE oL~ B A 1 i 0 V27 = 2 15 R 288 B
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MR AEAETY, B-HIAIE TR C-7 A b
e HA R SR R Rk, PR SR RE TR KR N
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HIZEE C WAL RN R A TR A A

SR, ASWFFEAAEAE— R BR Y, X L
ANFEABTFACRR IR, SR FER) R b % i —
B, FEETE b H AL B B ODeoo HU-F-35
B, HREARR SRR 22 5 A AT ik
s WUEM R BRI, FF R K
HRT BRI E C b MBI,
— 24 TR s e S R T
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EC EAL NPT MR I 2R AT
(Bacillus sp.) MY202402-3, ZFEMRIERBIR L
TR PRI R A K AFE b, 4
YIMEJETE 0.10 g/mL /KEEH HEHFEE C Fefb 348
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iR 26.96% , AR FET RN AT TS B M (i B
F A B A 7 B E T S
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=, RAEEIR, BdmcE S e .
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