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Abstract: Scopoletin is a coumarin compound with various biological activities including
detumescence and analgesic, insecticidal, antibacterial and acaricidal effects. However,
interference with scopolin and other components often leads to difficulties in purification of
scopoletin with low extraction rates from plant resource. In this paper, heterologous expression
of the gene encoding B-glucosidase An-bgl3 derived from Aspergillus niger were carried out. The
expression product was purified and characterized with further structure-activity relationship
between it and B-glucosidase analyzed. Subsequently, its ability for transforming scopolin from
plant extract was studied. The results showed that the specific activity of the purified
B-glucosidase An-bgl3 was 15.22 IU/mg, the apparent molecular weight was about 120 kDa. The
optimum reaction temperature and pH were 55 °C and 4.0, respectively. Moreover, 10 mmol/L
metal ions Fe?" and Mn?" increased the enzyme activity by 1.74-fold and 1.20-fold, respectively.
A 10 mmol/L solution containing Tween-20, Tween-80 and Triton X-100 all inhibited the
enzyme activity by 30%. The enzyme showed affinity towards scopolin and tolerated 10%
methanol and 10% ethanol solution, respectively. The enzyme specifically hydrolyzed scopolin
into scopoletin from the extract of Erycibe obtusifolia Benth with a 47.8% increase of
scopoletin. This demonstrated that the B-glucosidase An-bgl3 from 4. niger shows specificity on
scopolin with good activities, thus providing an alternative method for increasing the extraction
efficiency of scopoletin from plant material.

Keywords: scopoletin; scopolin; B-glucosidase; Aspergillus niger; Erycibe obtusifolia Benth
extract
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AR R, YA b [FBAAE AR R
AR E S R WA, AARESH
M ERTARESZNGEN DOREHEE,
BB HERES T AR SERZ 1
AR, ik, MBS PR L il ol 4 R
KA F B AR R 5 b 18 R i 174 7 2 A 2 0 A T
RESS A M A b R R S R AR U . SR
BRK A v] RE 2 BRI R W E R, AT 52
e 77 ) ) 2 B o 2R A 0 B AR SR . TR, A
FERRIEHOR , BRHORTE AR R IR U Al RE
BALH

B-# %5 B 1 Bl (B-glucosidase, EC 3.2.1.21)
Jo— KR AR Ui A B A S B-D-) 6 A S
177 5% 47 780 0 R 0 e 35 AR R K e L, A
ah . BTG . AEYRRTE . S EDREAE T
BT Z BN M ER, ST iE, p-A
WEH BEER T RERE KR B-AIZTHE T, L RERE K i
B-FRLBH T, A ULl B REK AT . b
T ONERE . A4 S 2R, HEH
HIA -7 2 B 1 B 6 T AR B A 1 5 ik
RULARE, HEHRR p-HAE TR G
T, REAE K RAL Z R E R R, W]
RECS I MEE U L &2 2t . IR, 4%
YRR S HARE R B R0 - %
T HE AR R B R E L5 ),

TE AT AW 5E , FRATT XS 16 A Bl &
(Aspergillus niger) iR B~ %5 W5 11 B 7K fif i
YivkResE T TIE ,, RBMKRZHEEAGIRY)
T, AL R P SRS XP_001398259.2
) B-HIZHETY G An-bgl3 AIREXS AR HAT
RS YE . AT UL B RS 5, Xk
U8F A. niger 1 -8 ZIWE 11 1 An-bgl3 47T T 5
JEERIN . gk, AT 7B S AR AR
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KA, W TEA B-H AT An-bgl3 KA
M SR AR B AL ROR , A SR
il g AR R A AR B AT AR S % .

1A

L1 #EFRF

KW ¥F 1 DHSa [# ¥k (Escherichia coli)
DHS50. YRR GS115 W H#E(Pichia pastoris)
GS115. 7 pPICIK #ifk# E. coli DHSa ¥4y 5K
W R, oAl A H R B 2 W R Y
PUC-57-An-bgl3-Amp K E. coli DH5a ZZ 64 ME
BAEYIBHE ORI BRA A G L T A B2y
B(YZ-120901-1 )W FH & [ ¥ Mk AL R A R
ONHE . AR 3T (B20307-20 me) HI AR B35 &
(B20309-20 mg)tnESh A A _F i A YR
ARRAT

PrimeSTAR HS DNA Polymerase . Tag DNA
REM ., mRUSZ S 58 & . T4 DNA
422 it BT 9 U8 Nod LR Avre T | TaKaRa
(KRIEVAFRA A o BRI N DI Pmellld H NEB
/N¥) o Easy 11 Protein Quantitative Kit, Easy7Tagq
Mix 1 B b5t 2 R Y BRIy A IR 7
JoRL/ N IRR B A DNA 44k B ) & B
RIRAAFH A AR A .
1.2 UHERE

Agilent 1260 Infinit =580 A (G354, 25
B4 25 Al ; Biometra TAdvanced F R 33443,
AR Al ; DK-8D HURfHlE K8, M
e 84 BR /A Rl ; FE28pH i1, METTLER
TOLEDO /) ; SW-CJ-2FD WA B i 48 v T A
B, MRS ARAF; Centrifuge 5417R
JINE 2 TV R S U ML, Eppendorf A BRZS ] K10
wIwi, FUNBEEA PR E 5 GEAT 600 BEKE L,
%1%, GE ZAw]; 1652100 HLZEFL{Y, BIO-RAD
A5 BN 5 Avanti J-26S XP 37 2R A A E DAL,
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BECKMAN A#l; YXQ-LS-30SH .3k 17814
Kidige, RSO A BRA /BT RST .
1.3 A&
1.3.1 B-BEBEEHEBERE An-bgl3 HITIE

F|H SignalP 4.0 Server (http://www.cbs.dtu.
dk/services/SignalP-4.0/){E L #5443 Afr Bt 26 Wt
11 i (An-bgl3) B K T4, R T IR &, IF
FE o A A Bk e R BRAE Sk, 2 A
DNAMAN A5t L F 50, e BRI o5
Avr IR Not 1, 531519 (An-bgl3-F: 5'-CCGGAA

TTCGTGCAGAATGCCTCCAGACC-3'; An-bgl3-R:
S-ATTTGCGGCCGCAACAACCCAAAACGCC

C-3"), WL AR . 5149F DNA
F 24 b B AR WD BOR () A RS R 58

Pl PUC-57-An-bgl3-Amp Jiki MMR, 7¢
PrimeSTAR HS DNA Polymerase FI/EF T, LA
An-bgl3-F Fl An-bgl3-R R 51 W4 134 Bst =X
JZ I (polymerase chain reaction, PCR)¥ 3 H f9
FEH, PHEFEFE N 95°C 4 min; 94 °C 1 min,
55°C 1 min, 72 °C 2 min 30 s, ¥Ff7 30 RIEH;
72 °C 10 min; 4 °CLRAF. [NEEHRERH 1%
BENE W BE J FL TSI PCR 434 77 ), 2 I DNA
afifb R &l B S 4l Ak mlilie PCR 779
PCR ¥ 3477 ) F1 pPICIK JF K43 B2 Ave TIFI
NotIfif V) M1, 3 T4 DNA % 5l % #
AL 2 E. coli DH5a JEZ B+, WK PCR
i 1 PEPE S R J5 AT 0 T o B D O i 7
20 JF Ry 44 0 pPICIK-An-bgl3 . 5 IR 5 ki /N
27 & 2 B 4H Tk pPIC9K-An-bgl3, £ .
132 B-BEFEEES An-bgl3 BIESRIL. 4k
REFISEE

B E BRI A BMGY B3R5, 30 °C,
200 r/min 3555 24 h, f ODgoo fH A 1.3-1.5.
B 6-8 h HAE, &N, WELREIK, 17
TCR 5 TR 2T A BMMY 3553 5,

&: 010-64807509

30 °C.,200 r/min }5 3% 7 d, 5 24 h #0 0.5% (&
HUMBO M A S R5 . B3R5 B BB B O ,

B ML . i@ Phenyl Hi7K#:. Q Sepharose
JZHT1. Superdex 200 Increase 10/300 GL JZ #1554
PRI Z B-H AW T An-bgl3.

afifad ferh S L WTE . AR
EEE S i MRS (I

KIS 1 =16 07 B B /mL i U < B AR AR
(mL);

HeiE J1=18 1 i B/ mg & =006 1A
/S EH mg;

A AR E =R LIS J1 /88— IR LI T

A1 AE 58 (7 28)=( Bk R B TE 7750 — IR B
71)x100%.

A IREERIE . 2 X AP0 Easy 11
Protein Quantitative Kit i B BECH TAEW, LA
A= MLVE VAR A WO PR RV R, I A it A 2
FW R, EAHEAMN st - e mmg
- 3R TN s Tk i 45 2 FEL VK (sodium dodecy] sulfate
polyacrylamide gel electrophoresis, SDS-PAGE)
M5E .

Fi %o . FALE P S R E R
N DI trypsin XJ 2K 151 2 KRR s A TR, SR)5
el FH B AH €835 3 Bk 114X (liquid  chromatograph
mass spectrometer, LC-MS/MS)X Bif§ fi# J5 Ao RE i
PEAT 4 M o Pl i MASCOT 45 J5i 1% VG Fi 4 %of
LC-MS/MS Hllsit4r 08, A% HinEH R Z
R 53 B PR S8 5 B
1.3.3 B-BEEEEHEE An-bgl3 BEIFAINE

JEFEHIHEE 5 mmol/L AR B2 TE IR
PR B — RNV E AR E ST, @
Agilent 1260 Infinit 7 = % % AH 4 1% {X (high
performance liquid chromatography, HPLC)Jl &
AR TR UERT L o B 254y - €34T Agilent
ZORBAX SB-C18, 5 um (4.6 mmx150 mm), ik
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28 °C, #EFERE 10 uL, KM K 347 nm; U
CIE(AYFL 0.1%BE IR 22 ik (B) o Ui sl AH A T4
FEVEIR, WE A 1.0 mL/min, #0EFGEIR 0N
(0-10 min, 15%—34% A; 10-20 min, 34% A;
20-30 min, 34%—15% A).

FEE B0 %2 - 600 uL 4 pH 4.0 /Y 2 mmol/L
PR ESHERYS 100 pL 19 An-bgl3 FRTE
55 °C44F i 20 min J5, F /K 10 min
LAk ny, BE B E R AL U S R S
ik HPLC Rl A R 1 I &5 1

it 1 2 S : AERGE RNV AAE T, 1 min N5
b 1 umoL 7R RS A7 I e 1) B-7 2 i >
— Al FLAL(IU) o
1.3.4 B-BEEEES An-bgl3 BEYRIFER
MNFESH

T E A B-F A BE T An-bgl3 5
2 mmol/L AN W] 1 JFE 4 OGF it 3 2K 3 - B-D - AL R
BATREEE | 6 LS I - o-D- ML T AR A B L X
it 352 5L -N- 2, T 5 - B-D- N o 75 25 B T . %o Al 3
RHE-B-D-ME LR T . R AT . KT, IR
RO . BT REETT . WA AT
SRUETRE . FEME . ZZZFHDTE 55 °C/) 20 min
Jei (ATt T35 3 AT 5% 12 Tl ) G 00 e S 12

W2 FH B-Hi AR An-bgl3 5 50 mmol/L
pH 4.0 MUARFEIHEE(1-6 mmol/L)A KT s
YRAE 55 °CJ i 20 min J5 SRS , F]FH Lineweaver-
Burk plot PR K (EFT Vinax TELo
1.3.5 RE.pH Xt B-BEIEHEEEE An-bgl3 BEIE
oEA

TE pH 5.0 25040 F, I F 4 B- 2 b
1 An-bgl3 7E 4075 °CIREVEREIN(EFE 5 °C)
P4 Tt % 0 R R ST Il ) B A L o B — e
B T 55 cCKIGERIFE , 40 30 min HUEE,
T IR 3E AT W AR AR TG 7 SR R R
FaE .

FH 50 mmol/L BJAN[R] pH (pH 3.0-6.0)A#T
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BERREh 22 vh I 5 (pH  6.0—8.0) W iR £ 2% vl Wi I
il 2 mmol/L MY 7R B 75 11 I WA W . 2 BRI 1Y
D5 T el e B 2H B-# A W 1 i An-bgl3 5 b
IRARIE] pH B G S 0; B 0 i I%  RAR 5 1%
it () 53l pHo 38 28 I B 7EAS[F) pH Z51F T
(pH 3.0-8.0)F 4 °CJilt & 24 h J F 5% A e i
FEILMEY pH o P 5 LA AL FR A RS 4 100% ,
THE AR X il 1 -
1.3.6 EREEF. MHFH. REFETNREN
K7 XF An-bgl3 i FE B 200

TE RIS SN 45, 435k 1 mmol/L Fil
10 mmol/L # Mg®>", Na**, Mn*", AI’", Fe’",
K", Cu*", Cd*, Fe*', Ba’", Zn™", Ca’'% 4
JRE T, # 4 CHAMTNRN 24 h, MEEA
B-HI AW E An-bgl3 HIFRATGIE SRR 4
Ja& 5 X B TR, DARAE 4 JE B b 3
A S T8 100%.

TEdE ROV AT, 2351k 1 mmol/L 1
10 mmol/L ) EDTA . SDS. CTAB. Urea. Triton
X-20., Tween-80 Fil Triton-X 100 253157 F13¢
HEYER], 76 4 °CAM T/ 24 h, MEEA
B-7i AT An-bgl3 HIFR QTS J1 SRR I
il 700 R0 2R T 9 1 FRX S D7 s, AR B
i) 750 711 2% 1AV P R0 A B S 1R 100%

FE R IE SV AAE T, 40 3 3% i AE AN (]
W (10%., 20%. 40%. 60%)HEE . ZFEAfF
FE B 19 55 A Wl 05 7 Sk R 58 AL R X T E 4
- Z T G An-bgl3 BENE J1 052 m, DI AL B
IS J128 100%.
1.3.7 An-bgB3 S5 EEEENESERTH

f#i § RobeTTaFold (http://robetta.bakerlab.
org/ )V A IR HEA T T , POCASA Ik 5% 1t
B O A4S AT (https://g6altair.sci.hokudai.ac.jp/g6/
service/pocasa/), i AutoDock Vina, Discover
Studio A1 Pymol #E47 R ¥4k 50 Hr .
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1.3.8 An-bgl3 g3t FHEMMBERYPEER
k=Rt A

BUT AN (Erycibe obtusifolia Benth)FE i 45y
K 30 mg, f#iFH 4 mL ZEEKEMGTR S
TN 10%09 ), W RS B e VR IR i
B 600 L il A 200 uL 9 An-bgl3 B FE 55 °C
FI AT OB 20 min, FHFE A /K A R 10 min,
ZJaid 0.22 um MIGLFLUERR, FRE 1.3.3 R
AT A T R S HT
1.3.9 HT\EHHSFHIT

JIT A S8 Y A AT 3 ¥k, f# ] Excel 2016
(AW, EED#FT2 K, R SPSS 21.0 #f
178 531

2 EREGHN

2.1 B-BEMEEES An-bgl3 EREMTER
B, S RRIEEE

W B R B An-bgl3 A M E AL pPICIK
AR, RIGTEERBELE D FIREERX, @Y
Phenyl #i 7K . Q Sepharose HP BH & 732 #ufE |
Superdex 200 Increase 10/300 GL %1 S+ X
T - AT An-bgl3 MBI T4k, 15
PR RN, hE 1 TEH, ZEHEN
MILiAAEECh 29.4 %, HTEIAE] 3 747.0 U/mg.
SDS-PAGE M S UL 1, v AL 5 X 1 24
120 kDa Bi—4%H7, M SDS-PAGE ] H # i i
7, KRR B K A 7 P A T RS (MS) 34T
I LC-MS/MS S85¢ 3 By B 20 B 2 4l 1 1,

il

H

z1 P-BEBEEIEUn-bgB)BELSEER
Table 1

FEHH MASCOT S5 VL it %) LC-MS/MS
BAEEAT T, A% BARE AR Z R T
MR e R, SEIRHINE A & 2R
FE, PR RUNZE N ST s R IA MY 8
— 8, RIRALS ] T A - A T A
An-bgl3 HE M,
22 EXH p-EAEREE An-bgl3 B
SMRINFESH

H2H B-HA T An-bgl3 O A BRI
TR AR R AL A K g RE 1 (3% 2), B
X AR B T K A RE 0t , T LA R X il
FERIL-B-D-NL M R A AR XA SR S -a-D- N R
HATRETE | Xl LA I -N- 2 T 3 - B-D- Lk i 8 45
B . U AY R - B-D- L 2P FUBE . HE T
KGTE . AL . AT R, 442
B ORERE . ISR ORI v e,
FEHA B-H# AT An-bgl3 X AR R E &
W E W00 IR R # R, A Lineweaver-Burk
plot 3 (&1 2)TH 3 RAT AL SV S50 Ko (BN Vinax
{643 %1 7.05 mmol/L Fl 250 pmol/(min-mL),
2.3 EE S5 pH ¥t An-bgl3 B EHI 0T

DIARR T RIRY), IR EA B-AiA v T
fit} An-bgl3 7E 4075 °CEAF T WIS 71 (K 3A).
WA B-H AT 40-75 CYUH N IIA G
P, ULBHZEEAE R AR S b, HAR R
IR 55 °Co TERIG I 55 °CHIZRAE T
H 30 min J57, A B-HE W An-bgl3 A5
ABETE S0 K 38% (18 3B). AHFSY - 2

Purification parameters of beta-glucosidase (4n-bgl3)

Purification steps Total activity Total protein (mg)  Specific activity Purified fold  Recovery
(U) (U/mg) rate (%)

Hydrophobic column 61272.6 402.3 152.3 1.2 75.2

Superdex 200 Increase 10/300 GL 41 347.2 58.1 310.8 2.4 50.7

Q sepharose 14 261.8 4.5 31834 25.0 17.5

Superdex 200 Increase 10/300 GL 9723.6 2.6 3740.0 29.4 11.9

&: 010-64807509
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El1 #E{LZEBR) SDS-PAGE [
Figure 1  SDS-PAGE profile of the purified
proteins.

fit} An-bgl3 Hci& pH Hy 4.0 (K 3C), 1£ pH 4.0-8.0
MITEIE N, S I RERE DR 4R 90%LA (/8] 3D).
24 EREF. HIHIF. ZEFEEFRE
FLt 570 X B 75 14 B4 22 i

DIARESEH AR, Wi, #l

K2 P-EBEVEEES An-bgl3 KR IFIE

Table 2 Substrate specificity of f-glucosidase An-bgl3

R 01 2R T RN B M RE A (R 3. R 4).
1 mmol/L i) 4 )& & F X E 4 An-bgl3 AIEEFIE 7]
BEARBA M. 10 mmol/L A Fe Fll Mn* & 1~
XFEA An-bgl3 BiNE S B EIEER, I
S A3 e T 1,74 A5 F0 1.20 4%, 10 mmol/L
) Fe'' . AP XHZEEAMGIER, AW 7
b 70%2E 44 .10 mmol/L ) Tween-20 . Tween-80
Hl Triton X-100 %} 5 40 An-bgl3 A G 146
WL AR VE R, MO 30% 4 4 .
HA An-bgld MR E M. LFEER LK
FA— R 2R 5), MRN8 P
10% A HLIRFI B, KRS J1 FEARAS 3Z 5]
MU BERE I E] 20%0), 4] An-bgl3 WG T
Z B W IEIE R, SRR IS 18 75% 24
Bl W B2 i — 2 K, RO ]
25 An-bgl3 BBERREEFMNEESER SR
%R

1k RobeTTaFold X4 ZE 8E (ARAY, Fi| FH
POCASA Il 55 #5154 AR AR, 428 i il

Substrate type

Specific activity of An-bgl3 (U/mL)

Relative activity of An-bgl3 (%)

P-nitrophenyl-B-D-glucopyranoside ND
P-nitrophenyl-a-D-glucopyranoside ND
P-nitrophenyl-N-acetyl-p-D-glucopyranoside ND
P-nitrophenyl-f-D-galactopyranoside ND
gGeniposide ND
Salicin ND
Polydatin ND
Esculin 29.64+0.1
Scopolin 38.72+0.1
Amygdalin ND
Liquiritin ND
Cellbiose ND
Sucrose ND
Maltose ND

ND
ND
ND
ND
ND
ND
ND
76.5
100.0
ND
ND
ND
ND
ND

ND: No enzyme activity was detected.
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0.4r y=0.274 5x+0.026 5
R=0.991 5

=

g

=

=

g

~
02~ 0o 02 04 06 08 10 12

1/8 (L/mmol)
-0.1

B 2 B-BEEEDL An-bgl3 WHEREEHHW

Lineweaver-Burk {2 % gh 2

Figure 2 Lineweaver-Burk plot of B-glucosidase
An-bgl3 for scopolin.

An-bgl3 WIZEA ARSI 4 iR, HOASREIR
/NH 308 AL TTASCHBAR TR, HASTF DAL SR
BERMIT M AMEM, 1EEG86 KR,

AR IRTE O ASh S ARSI H BB, X

>
£
=1

100
80
60
40

Relative activity (%)

20

55 60 65 70 75
Temperature (°C)

50

45

0
40

@

100 ¢ —-=— Sodium citeate buffer

80

60 ¢

40t

Relative activity (%)

20+

—— Sodium phosphate buffer

N

we

5.0 6.0
pH

7.0

8.0

DIUENL, 3 S s e g o e 4TI e 1Y
MRZRYYH, AESETMEHTSA —-1MED
FRHEA, AR, 4546 S mas R i L
AE-5 1B 1) 1 4S8 I o

R AT I An-bgl3 SHRER Syot HE
FEPAI AT, B Glu™® IR, Asp™' Ryl
FHEA . B AutoDock BRAF 43 B A B 51
LHH S5 HE AW An-bgl3 HFATXEE, FIH]
Discovery Studio2020 5 pymol 73#F An-bgl3 5
AREFEH . LM ZB 0 EAHEAEN ).
Kl 5 BoR#EETTEE An-bgl3 SRE S 4
R, Hox 2454 86 4-7.8 keal/mol, Glu'?®, Glu®”?
il Asp™! 55 A RS AR A BT L 3 A A
Tyr”. Tyr Fl Asp® GARKEFTIEM 4 Sk
YERI D1, A 50 R AR R 5 1T 46 T AT PR
B, IRBDKRAEPEEANEN . K 6 RRHiE

B
3
Z
z
8
=
=
=
&
m -
O i 1 1 L 1 i
0 20 40 60 80 100 120
Time (min)
D
160
g 140
= 120 I_____-—e——-—""'a
= 100
S 80
2 60 ——Sodium citeate buffer
= 40 —=—Sodium phosphate buffer
(b}
= 20
O 1 1 1 1 ]
3.0 4.0 5.0 6.0 7.0 8.0
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Figure 3 Effect of temperature and pH on recombinant B-glucosidase An-bgl3. A: Optimal temperature. B:
Temperature stability. C: Optimal pH. D: pH stability.
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%3 SEBETH An-bgld BE MMM WETFEG An-bgld 5L TR RTBELE I, Hx
Table 3  Effect of metal ions on 4n-bgl3 22 HE N-7.9 keal/mol, Tyr®® . Glu'2 . Gly*®
Type of metal ions Relative activity (%) e e - B ol
p— rp—. 5L AR 5 SRR, Asp®.
v PR ER—ETT Gly™ 15 Ser™ I 57 & F AT UM AL
Na?* 93.240.1 83.100.2 BB A G AL D AT PRI AL, fERK
Mn>* 101.00.1 222.40+0.1 ff A BERE . X e S AR RS T A A
AP 95.9+0.3 70.80+0.1 1, REBEALCE A LR Glu® il Asp™® 7]
Fe T2 673801 DL 2 SR, A
o SO A A BT L R, A
e 04.650.1 99 5040.3 WEH G An-bgld 5ARE S BRI BSF, X
Fe* 102.80.2 282.20+0.1 AT RE e i AT RS An-bgl3 HACR AT
Ba®* 92.240.2 95.000.2 il 175 5 v 1 S AL
2 89.5+0.2 79.5040.1 2.6 An-bgl3 B THEMHFERERIE
Ca*" 94.5+0.6 103.700.1 VA
A B-HZIBETTEE An-bgl3 Xt T A REHIEY

FT 4 HHEIF. FTEFMHEFIXT An-bgl3 BI M CHo 8 2R B 2 R 2R B 25 20 HEA T K e 1
Zik_)ll;é Effect of inhibitors and surfactants on WA 7 P B s K T ey o
Reagent type Relative activity (%) ﬁﬁﬁgé@ ?Eﬁ%ﬁ(a)ﬁnzﬁg%%?(b) ([zl TA);

1 mmol/L 10 mmol/L j]l]/\ Al’l-bgl3 @ﬁ}é{&ﬂ‘fi, %E%ﬁﬁ%%%ﬁﬁ
EDTA 112.5+0.4 92.540.2 B KRN AR E SR, HARSER SR T
SDS 108.00.4 98.4+0.2 47.8% (&l 7B).
CTAB 102.4+0.3 97.0+£0.2
Urea 110.8+0.2 97.2+0.4
Tween-20 103.6+0.3 67.8+0.2
Tween-80 104.2+0.2 67.1£0.2
Triton-X 100 107.8+0.3 62.6+0.1

F5 BHRFIX An-bgl3 BEE 4RI E M
Table 5 Effect of organic reagents on 4An-bgl3

Reagent Relative activity (%)

concentration (%) Ethanol Methanol

10 101.8+0.2 88.3+0.1

20 86.4+0.4 76.0+0.2
£ =¥ - =% &

40 23.840.3 42.30.3 4 WEREE A bel3 El?ﬂ‘i];% .
Figure 4 Pocket conformation diagram of glucosidase

60 17.6+0.5 31.8+0.3 An-bgl3

http://journals.im.ac.cn/cjben
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= GLY
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60 339
GLN
59

Interactions

[ van der Waals

I Conventional hydrogen bond

1 Carbon hydrogen bond
Pi-anion

I pi-Pi stacked

[ Pi-alkyl

TYR
269

Bl5 RXEEHSEEEER An-bgl3 M ENRE(A)MESER(B)
Figure 5 Docking effect diagram (A) and binding mode (B) of scopolin with glucosidase An-bgl3.

3 WREER

AW bE . Rk T RINERIEN B-HA
WETF I An-bgl3, 48 Fac#tt . o F it 17
Sy Al LI B HIE 1ok 15.22 TU/mg, 4lifb A%k
k1 54.73 £%, SDS-PAGE 5% M o 11 KN
4 120 kDa. %8 H I PRorF R R TS+
it 91 kDa, SRR RFERIBG, HA R
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A7 R B T R K AR AL . Rz A P S
PEATRERAL AL R T, R BLZE 3 11 HE
FARE T, D HEDR A B 1 i S BOZE A
8 52 B S Qi R AR DA
B-HEMT RV E R AR T 24, AlKAR
XA R I - -D- M M R A B L X AR R R IR -N-
L TEHE-B-D- ML AT A WE T | X A LR - B-D-NHL I
EFUMT . . DY SRgE T A4
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PHE
A:343 SER
GLY A:302
A:340

&6

Interactions

[1 van der Waals

B Conventional hydrogen bond
[1 Carbon hydrogen bond

I Pi-anion

[1 Pi-donor hydrogen bond

tHESREEE An-bgl3 HIXHEHRE (AL SEX(B)

Figure 6 Docking effect diagram (A) and binding mode (B) of esculin with glucosidase 4An-bgl3.

SOHE L SR YEPURERYE S AR AL B- A4
BTG An-bgl3 U R M IR AR
AL HAKMRE ST, HXPTAR RS AIK
fifp RE 7 fie i, Xk T AR ) X i R - B-D- itk
VR 4 25 B i R R R - - D - i 8 4 W T
X il 48 -N- £ T - B-D- M M 4 2 9 L X A
FERIL-B-D-ML ML FLEFY . fE T K.
PRALHR . W A H R ZRGE TR R
A PR YRR TG, R R e S A
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SEBIFE AR IE A B~ A B I LA B AN Y

DR E ST IR AT Ko (5 Vi (53510
7.05 mmol/L F1 250 umol/(min-mL), Mi%%hE

KE, BE B-HAPEITE An-bgl3 SRR
Y 25 R0 A 55 A0 5C STHR [26 14 18 18 X0 fird ik
% 5 - B-D- Nk IR 7 2 W A SR AN ) o i 2 BT
HIBETT I An-bgl3 MRS IR 55 °C, X 5k
T2 00t 55 (Aspergillus versicolor)? . BphE

(Aspergillus niger)® . &5 (Aspergillus flavus)™
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Figure 7 HPLC analysis of enzymatic hydrolysis results.

F1 A. niger CBS513.88 [ P-4 2 B i (bgls)P”
) f 3 I S BF T 25 R AR o TE A IE R 55 °CHYy
ZMFTE 30 min J5, A B-F A TG
An-bgl3 HIFE AT SR 38% . HH 5 SCHkAIE
SRR TP 5 B (Penicillium verruculosum) i) B
4 B-HIEFEHMEAE 60 °CFH 3 h J5, SRAEHE
J10 25%P1 S IR T A B B (Aspergillus terreus)
) - 2 M T BETE 60 °CROMELE THEHE 1 h )5,
FRASHEEG F1AA 65.1%52 5541 56 Sk 48 1
PEEEMLL, A5 B-HIANE I An-bgl3
P IARE VERSAR TR IE T P. verruculosum Fl
A. terreus W) P-4 Wi 1T B . ASBHSY B 24 1

&: 010-64807509

fiff An-bgl3 fixidi pH M 4.0, X 5KV TF A. niger
NRRL 3122 ) P-4 %5 B 11 B 1Y fedls pH SEAAH
[P, 7 pH 4.0-8.0 FUTEEIN, NG 1 AEAE IR
F5 90%LA |, x5 Karami ZE28F5E 4 [ AL SR B
A. niger 1 B-H %W 1T HFTE pH 3.0-8.0 AT,
5 ST R IR 16 18 80% LA 45 SR AR
10 mmol/L f Fe™ Fl Mn® & 1 Xf 5 4
An-bgl3 FEIE I B8 s R, LTS 4 )
PR T 174 £580 1.20 £5, FEATRER Fe* M
Mn*" [ 77 76 58 A F T 90 45 18 04 76 1 H e A
i, X H5HEEPIEIEDPI TSR
10 mmol/L i Fe** . AP X iZmA MdfE . 5%
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WG TR 70%45 47 5 ATRESE Fe'' L AP SR
JemErhLgs A, o TR, ek T
TP D B AR SR, S T RRARD
10 mmol/L [ Tween-20, Tween-80 FI Triton
X-100 X% 521 An-bgl3 B R J1A B B 2 4
HFEA, MEIR N 30% L4, ATRERR I &
TR o3 5 A BN T T MR A S AN B K A FH XS
AHEAE AT, DA 5 i) il 3% M 3ot ol s 3R ATR 5 1%
25 Y Kumar S8CFSE 00 SR U T IR 6455 55 18
(Streptomyces griseus)H B-F 25 i 1 (F 58 45
FHML. BT An-bgld XML EE 1 H i . ZBE
AR — 2 BT 2, X5 R DY
HIBIF 5T 45 AR AL .

An-bgl3 X R R 55 IR Y B B Y
TG, TR SRR T AR B h AR
S, MWMEREY P R RS RS Ei S
41%LH . RESHRTEHECREMMEGY, It
FKAG W) RATE S B SOR I 25 T 2 R EN
e R MR HF IR B Y, ARSI 7E pH 7.0 5%
N #tT, ANERAENBEAKERSE . T i
— PRI AR R TR SR R R A K
M4, FATE pH 3.0 55/ M TS5, @it
it FROGE RS 25 R SR Y 7 38 A o A —
Yk, RHBHALY T, ST R A
TR RS TN R IR . T ALY
PRAS R3S HROK U s R A, oA ot Al
A Z BRI, UL R ORI,
AR T IS esift. A5 RUIRITE p-H#
HIBETT I An-bgl3 M AR S BA L —1E, B
PR A, WRER S T AR R R IR
e PRI UR B R R 5T
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