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Abstract; Hydrolyzed ginsenoside Rb3 is the main component of Panax notoginseng stem and leaf saponins. In order to
make full use of cheap P. notoginseng stem and leaf saponins, the microorganism Aspergillus sp. P90r was studied, and
we used the biotransformation methods comprehensively. Related properties, kinetics and other reaction characteristics of
the specific ginsenoside Rb3-glycosylase were produced by determining the way of enzymatic reaction through extraction,

separation, purification, enzyme activity determination and other steps. The results were as follows; This enzyme activity
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was 15%—25% higher than the enzyme by Absidia sp. GRB3-X8r. The result of the molecular weight of enzyme protein

was 65.6 ku by SDS-PAGE electrophoresis. The content of enzyme protein was 0.237 mg + mL™ after purification, the

specific activity of the protein was attainable as 169 U - mg™ | the purification factor was 13.70 and the recovery rate was

9.39%. And the enzyme activity of ginsenoside Rb3-glycosylase was higher in the pH 5.0 of acidic environment. The en-

zyme was suitable condition in the range of pH 3.0-5.0, in the temperature of 45 °C, and it was relative stable in the

range of pH 4.0-6.0. The enzyme entered the mixed-order reaction at 20 min, and the results of the enzyme reaction ki-

netics showed that the K value was 8.77 mmol + L and V,_ was 57.44 mmol - L' « h™". The reaction rate reached the

maximum at 60 min, and the speed tended to be stable, and V. was 66.63 mmol - L' + h. The results on catalytic

properties of enzymes showed that the enzyme firstly hydrolyzes 20-O-xylose of ginsenoside Rb3, secondly hydrolyzes

3-0-glucosyl, eventually which the catalytic reaction products include the formed substance of F2 and C-K. In summary,

the microbial Aspergillus sp. P90r enzyme has the specificity to hydrolyzed ginsenoside Rb3-xylose and Rb3-glucose.

Key words: hydrolyzed ginsenoside Rb3, hydrolyzed ginsenoside Rb3-glycosylase, enzyme properties, isolation and

purification, enzyme kinetics

KE®mZ®RMOANSEMEYZE NS (Panax
ginseng) . — £ ( P. notoginseng) . Vi ¥ % (P. qu-
inguefolus) 5% , L N Z @Y T L F Wl i &2
I, FENAROE Y TR NS BT (R 2%
Be%:,2009) . HE G4 A S B AT Rbl,
Rb2 .Rb3 Rc Rd,Re Rgl %5 (& X% ,2009), H
AT, B4 B % 182 F A S 2 (Kim et al.,
2017) , BUARZGBEAWF5Y R B, Fo s g NS B4
FLARGT i 25 3 RNIG R 7 1 i 97 3L, IR, 1)
AR & B S W AS BT WK, kA5
PEK AERENHAAS B, BAIEE EEWN
B SCRAE S0 (8 (5K 16 5745, 2008 ; 5= 214 Fl
XTI, 2008 ; Jia, 2009 ; Jin et al., 2012; J& J5 7
PR, 2014 5 5 U FE 2 , 2016 BHIEE,2017)

=L 2 HLL Rb3 N F,Rb3 4 T A
20-0-Xyl-Gle-BE4E F1 3-0-Gle-Gle-BE4% | 15 PEAK e
WS, R Ik = 25 340K (462 RUEE,2009) o K
THEE R R AR AN A, K Rb3 B ALl
RS AR F2 C-K BAF, 2R E =B
EHAMHE A TIER, N, AT EMR T
Rb3 W Ak, Asperginllus niger g.48 5= N2
AR TR ( 4> TR 74 kD) | [R B K fi# Rb3 )
20-0-AMEFEFN 3-0-75 % Bl 2 | 3 iF Rb3—C-Mx1—
C-Mx—C-K &Ml Rb3—Rd—F2—C-K [/ 1%
K f# Rb3(Liu et al., 2014) ;i8F A. niger g.848
WA= NS 2 g 1B (4 F 88 75kD) , K fi#
Rb3 HBE 3L 2E % Rd  F2 . C-K £ 524 (Liu et al.,

2015) ;B EIR Wi R A, niger BT P70 N2 5845 i K
fpi = £ 25 A E A A S B C-Mx Al
C-K, HAMMS BT RT M =tS 21 Fc 5kH,
UL A. niger W= Hi5 =L 25202 A AT N A
TRMEAK A C-Mx 3% Rb3 11 (19 20-0-7 sifg A B 3,
XFR7 Hl Fe AT 1 3-0-A 5t AR 5L JC K A H
ST R TR CK MR R T D AR X
KA = b 25 A R B L ), B P S
(2018) WF5Y T Absidia sp. GRB3-X8r B = 4% S P
ANZ A Rb3 AW M (4> F 1 66.7 kDa) , {H 2
LB AEK % Rb3 Y 20-0-AKBEEE | R Btk — 5K
fift 3-0-H A ME LA X F2 ORGP, AR SR
AW %A W 5R ) — P LA W) Aspergillus sp.
POOr i T = (1) N2 245 Rb3 B4 3L K ff g , L) DI 4R
A5 Gl %) R G TR Bl ) 25 A5 RN R o

U AR

1.1 # 8 X F R R

Aspergillus sp. POOr I, A% 52 56 % MK ity v i
Py E S E . NSRBI Rb3 Rd.F2 . C-K, Hf Kk
SRR PR (SFEiAE,2005) 10 T RiEE
YA T AR Gk B R B S R TH R % Ak 2
TR 7= s PR R R | SOOUTR s I e R b w1k
T s H AR R I 5 B =2 G250, 1M
H 5L 2 e (TEMED ) W 8 T [ 24 48 A Ak 22150
BRA A 5 e e R 40 o A 5t o AR B R &
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40 %

e SR Rt o W R Wi B s B v [ ]
W2 Z M Silica gel 60-F254 , 18 [F Merck 2
# 7= i ; DEAE-Cellulose DE-52, #% [# Whatman 2%
H] 775 CS930 MUK R AUW B T H A
73 ) BSZ-160 H s W AR i B IR 4 AR Gk AR AR
AXEFA PR w452 5 2 1 5T AL UK {UW & T Bio-Rad
N Fl; Waters 2695 =5 0 A €635 1% ; Waters 2996
PDA St HL A FE 5 A DU 45 ; Knauer C18 4354
(5 pm,3 mm x 250 mm) ,
1.2 ik
1.2.1 #0857 09 4 & Aspergillus sp. P9Or [ % Fh
T SNHIEIT 1% = £ R B, pH=6.6
(IZE B FR 3L 7E 30 CHEIREG IR 5~6 d; BBk
BRI, L35 T 2218 i A LI S L 1 R A R R
F 80 %AW, $E5], T 4 C THVE 6 hy B0 s
EERUOE, KHUTER T2 &M 0.01 mol - L7
pH=3.0 BIR A - Fr MR 22 vh il , &4, & 2 h
B — R % W, B AT 20 hy B BR AR, ULIE IR T
0.02 mol + L pH3.0 B R & — #H — #7158 2 2% vh i
BRIk R I
1.2.2 B A eam 2 HLO.1 mL 1Y 0.2% M NS
1 Rb3(0.02 mol - L, pH3.0 B MR & 4 -Fr IR
Zohi) 5 0.1 mL MBHRIE A, 7€ 45 CHRUTT R
N 24 h, A 0.2 mL ZK BRI TE T B2 1k il S0, B
L ZAHUARAE TLC )2 2 Hr s HPLC Kl BT
JIEAL 78 SCA RE/NETRE A 1 mmol Rb3 i i —
AT 1 A
1.2.3 B EH (TLC) WK AS BRI Rb3 4
BUZHIR TLC 73k, JRIFFI R V&) -
V(HBEE) - VK BIEBIR 7 23 0.5, BFIFEH
10% H,SO, K, T 105 C g 4, TLC Kl
B A 4% 20 50 B9 B 43 &% 1=, Al Bandscan 43 #7 4K
4437 (Liu et al., 2015) .
1.2.4 Haka &t (HPLC) (O35 500 (%X,
Waters 2695 5 &0 W A €633 43 AT 4%, Waters 2996
PDA YL —H A BE S 48 &% Empower 8% T 4F
VEEAT ARSI . B35 A . Knauer C18 £, s AH: &
E(A)-7K(B);0~20 min, 20% A % i ;20 ~ 31
min,20%A ~32%A ZVEREE ;31 ~40 min,32%A ~
43%A LT E ;40 ~70 min,43%A ~100% A 261

BERE; EFE . 10 pl; BV . 35 °C IR BL# . 0.6
mL « min™ ; K% K . 203 nm.,

1.2.5 Bty 4 & 464 SE 10 DEAE-cellulose DE52
P Fac et Hh 28 1% F AR 6 mL FL W, 64T 00 B
$eal  FECHI B 20 mmol - L' pH3.0 AUBEIR A —
BTG TR 22 WP AR R MRS S VR B2l 40,50 .60
70.80.90 100 mmol - L™ KC1 %%, %F _FEEJS 19
FH B R AT 16 BE VRN , B — 0 BE Uk 100 mL, #5 il 3
A1 mL - min”, H A SEB S WER, KA 3
mL S 1A VR I AR B 5 0.1% Rb3 [
N, TLC K0, 3% 3 Rb3 A 3 7K fif il 1% 77 1)
VERL .

1.2.6 A faFEalE HSHBE B
JBEWE , 8 SDS-PAGE HL K , B 22 7 Ak B — 2517 A ik
W EIE NS 5 AF Rb3 WS LK i il 1 43 1
(ZHER, 1997) , SDS 5 N Jis i e B8 Je 110 ¥ 4 i
T B 5 5 M 5% A1 12% , B3, B 53 %11 R 60V Fil
120 V.,

1.2.7 A5 23 Rb3 4 LR i B 12 R & #F
72 Fe A pH: 43 B ) pH (8 1.3 .2.2.3 .45,
6.7.8.9.10 B I, ¥ 0.1% ) N2 B H Rb3
TR pH (B /Y 22 s i, B4 pH B P1i
W5 1R pH A A B R B SR A fE G B 4%
1R B S R, T TLC 32546 N2 4 Rb3 1)
KRG B, B pH Ao 1 . B A AL B SO (R
pH {H Y2 th il 5 IR A, & I T ACE 30 min, AN
ANZS AT Rb3 KWW, T B feil pH {E = )
AR 22 o 0 g 3% 7, DR 8 A 38 1 I TS 0 AR
100% 50 AH X B G 7, W5 e Ak S0 IR . A b
W AET R JH 35,40 .45 .50 55°C 544 F ik
TTBEMEAL BN, B 2 f A S I e T . 7 A A B
MEE TS, K B W5 R W o B RO 176 ,1/3
1/2.1.2.4.8.12.24 h, I TLC &K A = 2+
Rb3 WK it 15 L

1.2.8 B R 53 /15 BCHIRBE 350 14.3 16.7 .
20.0.25.0.33.0.50.0 mmol - L% Rb3 JiE ¥ 1A W
HEKRBAMKIE S, REWE SN N 7.15,
8.35.10.0.12.5.16.5.25.0 mmol - L' Rb3 JEEW)
VWL T 45 C % 5.10,20,40 .60 .90 120,180
min 55, X} Rb3 S i 7= ¥ 8 TLC A& i, F FH 3 At
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TLC RR ' BE &5 4 Rb3 B FE A &, i &8 Rb3 45 %
Y1 EETE 510,20 .40 .60 min I} Rb3 i 520 #)
HOEE(CF B ). RO N P M AR
Lineweaver-Burk i 2k ( 5% &% 55, 2001 ; 5K 1€ 387 4%,
2006 ; BRI 4 20115 50 XIHESE  2012) .

1 K, 1 1

v VWX§+W,MO

T L T A5 3 ) 2R AR AT LA A B R il A AR
-1/K, O AR 1/, BRI K AT Y
B, $45 B A TS Michaelis-Menten J5 2, X 4 i
JR T AR R |
1.2.9 ¥ pNP A & 4y o9 B & bl & DU Al 2k 2K
By B4 45 ( pNP-a-D-Gal | pNP-B-L-Ara , pNP-a-L-
Rha ,pNP-B-D-Xyl ,pNP-B-D-Glu) NJiK#), F 4 400
uL /4 0.08 mmol - LA pNP IR YV, 15 B FE &
100 wL & & ,45 C &M 30 min J5 A 5 mL 1
mol + L' Na,CO,Z& [ i, il 2 405 nm T Y
(B WG 7 0 SR BRI TR Y BB 1 pumol Afg 32K
3 14 il kg — A il D B

2 GERGHH

2.1 HE R &

M Aspergillus sp. P9Or & 2 i 45 2 i H g,
76 Rb3 ¥ 0.01% ~0.5% 76 Bl 1, Y a1k
Rd . F2 1 C-K, A Bl R 45 C, JefE R
BHE 2 b, pH {E7E 1.3 % 6.0 MR T RN 3R %
U il N e fE pH A 3.0 ~5.0, 1fii £ pH4.0~6.0
0 N A X RS, HorP 7E pHS.0 MR R M R BT T
Feoe P, s 1 R 2 iR,

2 =R LB 45 WK B, Aspergillus sp. P90r
FEEE TG D7, A6 A A S A R L SOk B Absidia
sp. GRB3-X8r &/ #1385 T 15%~25%.,
22 BRI B AL

W AR ML 4 DEAE-Cellulose DE52 8138
PeAEPER , IE RIS 81,93 94 95 %, A A
Z AT Rb3 KA NS B4 R F2 Fl C-K [
TG 1, R XF 5 81,93 .94 .95 45 Y il I 0F 17
PAGE HLJK, 45545 93 94 5 il LA O o Jk 71T
W bR H KA Y B AR DD i, i — 20 R

cK ——» -
F2 ———> " -, .
-
.
- 're
——g—r————— -——r—r———9
BEH3 RdSeM e 3 4 5. 6. .7 8O
CK = - —

F2 ——»

L] J 2
RbBERd /082008 305 1= 2eswdls 81 12 2.4 S

Rb3, Rd, Rbl, F2, C-K. AZBHFrMEM; 1-10. pH {H;
10-24. SR [H]

Rb3, Rd, Rbl, F2, C-K. Hydrolyzed ginsenoside standard; 1-
10. Value of pH; 10-24. Reaction time.

K1 pH AR A2 B Rb3 B
7K 1177 Pl REL VR T 1) 52
Fig. 1 Effects of pH and time on hydrolyzed ginsenoside

Rb3-glycosylase enzymatic reaction
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Fig. 2 Stability of pH value of the hydrolyzed
ginsenoside Rb3-glycosylase
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Table 1  Purification result of hydrolyzed ginsenoside Rb3-glycosylase
o i 7 B o ”
o R RARTREE  BEFER gy CITES
FE Total enzyme Total protein e
Volume .. Purification Recovery rate
Sample (mL) activity content multinle (%)
(V) (mg) e
i3 100 1320 129.60 1.00 100.00
Crude enzyme solution
Tt i 2 DL i A 10 490 39.72 1.21 37.12
Enzyme solution precipitated by ammonium sulfate
DEAE-Cellulose DES2 b3 5 B 6 248 1.42 13.70 9.39

Enzyme solution treated with DEAE-Cellulose DES2

4 F = Molecular mass (ku)

97. 2 ..

66. 4 ..

v -

44.3

29.0

20. 1 S

14.3 -
Marker 93 94
Kl 3 Zaifb)sPEaiblng SDS-PAGE

Fig. 3 Purified enzyme in SDS-PAGE

SDS-PAGE HLUKEKGIN , 25 5 W&l 3 i
ZR IR VT TE LA M DEAE-Cellulose DES2 /3§
aifb g Rk 1, WNE 1 RTLLVE W, gifb )5 il &
FIR & B 0.237 mg - mL™, &E LIS H1 o 169
U - mg”, aifb 550k 13,70, MR R 9.39%
W& 3 Al B2 40 B 1Y Aspergillus sp. P9Or
TA 5 93 .94 VR , 7= A T LUK B — 254, IE

Wi JE 4l 2 (. MG SDS-PAGE w48 hn & H 4%
B AR I % 22, 15 B 8 1 5T 43 1 5T o A 1 il 4R
FUAE XS 32 2R 19 [ 9 J7 & 2y = 5.090 9-0.956 6x
(R*=0.9939), &35 AS 21T Rb3 HikK
B 2> F 200 65.6 ku,

FHELAR S HOK i 5 0.1% B NS B H
Rb3 i, H 2 =4 H HPLC U 22 25 258, & 4
Fimw, Bl 458K, NS 2 R AEAS B
Rb3 Wi H K i Bl (AL AE TR P2 ) 3202 Rd \F2
M C-K, H i Rd & &2, HikE F2, C-K AXf
23 BMERRBN N

AR BE () Rb3 IS WV W5 45 IR B 4l il
R AW E Sy 917,15 . 8.35.10.0 ,12.5 .16.5 .
25.0 mmol - L% Rb3 JEWE W, T 45 CRIL S,
10,20 .40 .60 .90 .120 180 min J& , Xf H Rb3 6 Ff
WeBE 8 Tl AN W] Sz g B ] Be 1Y) Rb3 J g 7= 4, AR
TLC &, an &l 5 P

M S w0, NS BT Rb3 B 3k /K A i 00 i
A 527 Bt s T 4 9 K, Rb3 A 966 i A6 AN BT 32 0
TE 5~10 min Rb3 AYREMFELHAK, 20 min 5 Rb3 1Y
Vet W g m . FIHEAE 0BT El 4 h Rb3 B4
BE 557, 0 B fift b, BUHBEAR R R 510,20 .60 .90 min i
Rb3 [t , I8V, o 7E 5 min BFRGE K, =
2.94 mmol - L', V, =20.21 mmol - L' - h™"; 7E 10
min Bf 355 %] K, =5.32 mmol - L', V,, =28.73
mmol «- L'+ h’ ; fE 20 min B33 15 3| K, =8.77
mmol - L',V =57.44 mmol - L' -+ h"; 7E 60 min

% 7 max

A5 K, =8.93 mmol - L, V,, =66.63 mmol -

% 7 max
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B8] Time (min)

0.1% M NS 24 Rb3 SHLLUMEHE KR HELE 45 °C R 12 h,
Reaction between 0.1% hydrolyzed ginsenoside Rb3 and purified glycosylase at 45 °C for 12 h.

K4 AZRAT Rb3 SR ALK A i N5 i) HPLC 3
Fig. 4 Result of reaction between hydrolyzed ginsenoside Rb3 and purified glycosylase by HPLC

- -
P e
. LA B B B EEEEENRE. v
Rb3Rd F2CK 1 2 3 4 5 6 1 2 3 4 5 6 RdF2CK Rb3Rd F2CK 1 2 3 4 5 6 1 2 3 4 5 6 Rd F2 CK
5min 10 min 20 min 40 min
- -
- -
. -e .0
- -_.e"s» - h " .
Rb3Rd F2GK 1 2 3 4 5 6 1 2 3 4 5 6 Rd F20K MR PGS I 4 8 4 &5 & 1.2 8 6 & 6 FES
120 min 180 min

60 min 90 min

Rd, F2, C-K. #iifE A RBTF, JK# R Rb3; 1-6. 7.15.8.35.10.0,12.5.16.5.25.0 mmol - L' (¥JiE#) Rb3 BT .
Rd, F2, C-K. Standard hydrolyzed ginsenoside, the substrate is Rb3; 1-6. Concentration of substrate Rb3 of 7.15, 8.35, 10.0, 12.5, 16.5,
25.0 mmol - L', respectively.

5 TR BE S AN TR] SR ()X A2 S Rb3 W K /I Ak Al £ S L F) 52 )

Fig. 5 Effects of different concentrations of substrate and time on catalytic reaction of hydrolyzed ginsenoside Rb3-glycosylase
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Table 2 Relationship between substrate concentration and initial reaction velocity

in catalytic reaction of hydrolyzed ginsenoside Rb3-glycosylase in 60 min

iy JE Rb3 [FEAR B4 2 5 ek Rb3 K fi it 5 1/ R 1/Rb3 A
Concentration Percentage of 5 B HIE 1/Concentration 1/Degradation
. Degradation of Rb3 Reaction rate
of substrate Rb3 degradation ( L) ( 1oL bt of substrate of Rb3
(mmol - L) (%) mmo mmo [ (mmol - L") ™"] [ (mmol - L") ™"]
7.15 30.6 2.19 26.31 0.14 0.038
8.35 28.6 2.39 29.41 0.12 0.034
10.0 25.6 2.56 32.26 0.10 0.031
12.5 22.3 2.79 34.48 0.08 0.029
16.5 19.1 3.15 38.46 0.06 0.026
25.0 14.6 3.66 45.45 0.04 0.022

R3 ASEHFRBBEEKBEABABETELSYNEDERGE
Table 3 Substrate specificity of xylosidase to hydrolyzed ginsenoside Rb3-glycosylase

7] pNP-B-D-ARHBEH  pNP-a-D-PFUMEH  pNP-B-L-BITRAAREH  pNP-o-L-BZEWEE  pNP-B-D-Aj %0 M
Substrate pNP-B-D-Xyl pNP-a-D-Gal pNP-B-L-Ara pNP-a-L-Rha pNP-B-D-Glu
AR B ) 100 0.14 0.09 0.05 91

Relative enzyme activity (%)

1 6 _
Xyl-Gle-0.Z

‘.
7,
v

Bl 6 Aspergillus sp. P9Or [ fi/K it N Z AT Rb3 M R N i 12
Fig. 6 Hydrolysis pathway of hydrolyzed ginsenoside Rb3-glycosylase from Aspergillus sp. P90r

L' - h'; 7 90 min A} T8 75 %] K, =9.89 mmol - BLanEE 2 pros
L'V, =65.98 mmol - L' - h'', H: 60 min [)1H M2 715 K, =8.93 mmol - L',V =66.63

max
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mmol « L' « h™", Bl Michaelis-Menten 75 F2

_ 66.638
8.93+S°

M R EHE T LS, NS AT Rb3 ALK
i T P il i 17 3R S K UG T R A LR DI vk
JE AR, e G — 90 S Ny, B I 8 i JiC 4) k JE
T EFE ARG AE 20 min BFiE AR A HUR N, e
J& 7€ 60 min B S 1 9 B3 38 B a5 A, I R N B
BV bR BT, AT RN, e v, T

MIE 4 FE 5 0] LUE B, Aspergillus sp. P9Or T
JE = NS B Rb3 L K ff il , K ff N S 2 4F
Rb3 B977%) £ 54 Rd F2 Fl C-K, %M 5K i A
Z B Rb3 1Y 20-0- KL 45 0 Rd, i#f — 25 K fi
NS B Rd W 3-0-F EHERAR Jy F2, fiff— 2K
i NS BT F2 1Y 3-0-7 % 5 5L 48 S | 4 ) C-
K, WHEUL, Aspergillus sp. P9Or B T P~ B NS 12
T Rb3 4 3 7K A il 2L AT 7K AR A 35 R 28 45 B 3L 1)
S5, R R N R ANE 6 s
2.4 L pNP BEE AR EEE LI 1E

4k J5 B 55 93 .94 R, R A 1.2.9 Jr
B, HEAT BTG I A5 RN 3 R, R
T LB {LRE KA B-D-AMET | L BE/Kf# B-D-
BT X a-D-PZURHT | o-L- 2R | B-L-B
A TC K BE 7, 2 B0 R 10 7K e

3 WikE4E#

AR ICHY Aspergillus sp. POOr [H F= A2 AT Rb3
WL K fig WG 0% 7, 78 AR TR S5 00 R L SR o iy
Absidia sp. GRB3-X8r & /" B 11155 15% ~25% ; A
3C Aspergillus sp. P9Or & Jir 7 il £ 111 19 L 1% 10
169 U - mg" , %F NS BAF Rb3 BB H A 5 I 1)
JK A% 775 SDS-PAGE HL UK Il 15 43 F & 29 - 65.6
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