£ T RO¥ R S/ p-AENEEES BID2 RIEFRIA R KBRIBALE A
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Feb. 25, 2021, 37(2): 580-592
DOI: 10.13345/j.cjb.200314 ©2021 Chin J Biotech, All rights reserved

« TR -

B- BgID2

p, x5, Z&W, HIF, T#K, K
&

LR HEamRlaesabe, LR S 230601

iR, R, G, . R B-E AT i BgID2 5 IRk MoKt RALH RE ). A=W AR %4k, 2021, 37(2): 580-592.
He C, Wu Y, Meng CY, et al. Heterologous expression of a novel B-glucosidase BgID2 and its application in polydatin-hydrolyzing.
Chin J Biotech, 2021, 37(2): 580-592.

i E: AWiEF@E Bacillus sp. D1 ¥ st &40k ik B-%) 548585 BglD2, A4 HBEF MR, FFaf KRR
FH & a R RITHH. BoID2 B REMIIRE A= pH %A 45 ‘CA= 6.5, f£ 30 ‘CHA= pH 6.5 & T
F M4 20h, BglD2 (65 KME4 B (1—3). B (1—4). B (1—6) F4ERuy %7t k4. BglD2 LA RIFa94EILE
4P, 100 mmol/L # # #E 4= 150 mmol/L KAE 5 5 44 87% /) R+ 2.0 4242 2.3 45, BgID2 LA 4449 LEFIRE At
ZHEHE, 30 CHF, 10% LB EBEE HIRH 1.2 45, 25% B3 A4 e it AR G 60% 9 B47E /1. BglD2 4 K Ak
FH S QRFEBEMS, 35 CEM TR 2h KEE A 86%. BA LB Z A= 34 545 o) B-F) 245 6k
BgID2 Bk Kig RMFH GO RF B @A LA BT,

Ip-FM BT, WABLGTT, LB, EKF, ARFE

Heterologous expression of a novel pB-glucosidase BglD2 and its
application in polydatin-hydrolyzing

Cheng He, Yan Wu, Chunyu Meng, Yazhong Xiao, Zemin Fang, and Wei Fang

School of Life Sciences, Anhui University, Hefei 230601, Anhui, China

Abstract: A novel B-glucosidase BglD2 with glucose and ethanol tolerant properties was screened and cloned from the
deep-sea bacterium Bacillus sp. D1. The application potential of BglD2 toward polydatin-hydrolyzing was also evaluated.
BglD2 exhibited the maximal p-glucosidase activity at 45 °C and pH 6.5. BglD2 maintained approximately 50% of its origin
activity after incubation at 30 °C and pH 6.5 for 20 h. BglD2 could hydrolyze a variety of substrates containing p (1—3),
B (1—4), and B (1—6) bonds. The activity of B-glucosidase was enhanced to 2.0 fold and 2.3 fold by 100 mmol/L glucose and
150 mmol/L xylose, respectively. BglD2 possessed ethanol-stimulated and -tolerant properties. At 30 °C, the activity of BglD2
enhanced to 1.2 fold in the presence of 10% ethanol and even remained 60% in 25% ethanol. BgID2 could hydrolyze polydatin to
produce resveratrol. At 35 °C, BglD2 hydrolyzed 86% polydatin after incubation for 2 h. Thus, BglD2 possessed glucose and
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ethanol tolerant properties and can be used as the potential candidate of catalyst for the production of resveratrol from polydatin.
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B B 2 T S 1k 1) ZE AT 7 8 41 T Bacillus
sp. D1, 5435 FH i 0 45 3 B % 7 Bacillus
weihaiensis Alg07 3%k 5 R #E . Xf B. weihaiensis
Alg07 JERH /A, AIFIHEERA P EF 2 4]
AERY B-HI AT B gm i JE K . KR B. weihaiensis
Alg07 JE[RZH A B-Hii 7 W 11 T 1 b DR 14 3155 |
Y1, UL Bacillus sp. D1 R4 s, AL s Tt
SRR T B-HAMTTHG BglD1 (GenBank 5%
5. QCQ29109), LM/ H A BT AR,
#E— /31 B. weihaiensis Alg07 SEPH 2H $icdn, 3
A AELE S —A B-Hi A M R 2L R (GenBank
k5. WP_072580823), KT I, A K
e - 2 B T I 1 e S JE ) (WP_072580823)
Wit5#r, UL Bacillus sp. D1 KN4 kit , v
R IF SRRk T B-# A BT BglD2, BglD2
A B 0 LT 52 S R i T 2 M, BB
BEOK Stk PRAL T ) A R R, TEEA R A A
sty 1 ELAT TR AE A A

1 MRE7E

11w

Bacillus sp. D1 Bk Ay iy U] M pig TV TTUAR
FE o 0 AR AR IR R AF TE R E . KRG W
Escherichia coli BL21(DE3) /&2 A 40fl, pEASY-
T3 ikl At &N EMH AR A RA . L
T FAFEEE . YR EANE . RAT TR
JeRR B . R IR SRR E =S A Sigma-
Aldrich (St. Louis, MO, USA). p-nitrophenyl-
B-D-glucopyranoside (pNPGlc) g [ Bl T A Ak R}
Ho A A PR Wl o Fo AR Sy 7™ sk 11 43 #r 2
1.2 B-EEMEEDE BgID2 R IE R FIISHT

H:T B. weihaiensis Alg07 J& K 41 % 543 #r
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DL B-E AW (WP_072580823) % fith 2 K ly
ZM, it 514 5-GATATACATATGACTAG
ATTTTCAAAAGA-3' (T XIZEA Nde I {7
&), Fi#51% 5-GTGGTGCTCGAGAATGAGA
ATCTTTTCCAA-3' (T 4% M Xho T BEYIN A1),
Pl Bacillus sp. D1 &R 41 Mty 38 H i FE A
PCR /=¥y pEASY-T3 #HIAJ5H4LE E. coli
DH50 J&AZ AN, i 26 BH M o B - I3 36 UE 7
HIEMAYE, L Nde I #1 Xho I BN BHYESERE, If
B R pET-22b(+) FRIKAK, A48 5 A R
PET-22b(+)-bglD2, ¥4k % E. coli BL21(DE3) &
ZAAM.

£ NCBI %u#i % (https://www.ncbi.nlm.nih.
gov/) kI BLAST £ & 5 BgID2 J7 41— 8w
(1) B- 7 %R Y 4, T ClustalX DL &
GENEDOC #/4:, %} BglD2 5343 & 51 B4 25 b
7 5 HEA T 42 )7 40 HE X 5T o

1.3 B-BEEEES BgID2 MEHERIER AL

¥ & pET-22b(+)-bglD2 FiE# A1 E. coli
BL21(DE3) 33 % ODeoo N 0.6, MA IPTG 2%
W 0.2 mmol/L i, 16 CTHiF 16h, 4 C.,
6 000xg &.0> 5 min, UM, H 150 mL Z& i
# (20 mmol/L Tris-HCI, 500 mmol/L NaCl,
5 mmol/L BKWE, pH 7.8) HE R, AW
4 °C. 12 000xg &5.0> 30 min W B F i, R
BE . Ni®-NTA EMEaifb &, SRS H
Novagen fii i B 45 , 4fi k.1 2 141 1) 1] SDS-PAGE
K 244 5 T2 4y 7, BCA Bl 5E 8 I
1.4 B-EEHEFLS BgID2 HIERE N E

LA Citrate-Na,HPO,4 2% P (50 mmol/L,
pH 6.5) ikl 0.1 mol/L pNPGlc, 500 pL fz ik Z
25 pL & YRR, 29k 5 mmol/L 1Y)
pNPGIc 1 Citrate-Na,HPO4 2% 57 (50 mmol/L,
pH 6.5), [ WA R T 45 ‘C R 10 min J&, AIA
500 pL Na,CO3 (1 mol/L) RE S Z 1k v,
JE ODaos AW A o BTG J7 R E XA 1 min 7~
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A= 1 umol/L pNP T B 4 1 U,

15 mEF pH Xf p-AE#EHEs BgID2 BiE 7
B %2 M)

W Bty 53 51 & F 25-55 C ([IB% 5 °C) &4 T,
U A [) J52 o7 sk 8 % J ) RS20 o il PR R
52 {8 A Citrate-Na,HPO, 2% 1% (50 mmol/L,
pH 6.5) & YT B, 78 30 CH&AMFTN, [MfE—
JE () I [R] SO D 10 7 o LAWD Bh TS AR A
100%, FHEEARXS i T o

L1 5 mmol/L pNPGlc A, 43 5|7 50 mmol/L
Citrate-Na,HPO, ZZ i (pH 4.5-7.0)F1 HAC-NaAc
Zeik (pH 4.5-5.5) HHllE WG J7, B BN I
iE pH. ¥iE & W R E T AR pH ) Citrate-
Na,HPO, Z# ik (50 mmol/L, pH 6.0-7.0), T
45 CHMTIEE, MEAFE pH 4040 Bt e 1
BRI o [F) i A ] F Bk ] SBCRE I il 3% T, LA i
B JI4E R 100%, T8 A X S 77 -
16 EEBFRAFRTINEE NN

A Citrate-Na,HPO, 2% ik (50 mmol/L,
pH 6.5) 435I 0.1 mol/L K*. Mn% . Mg?*.
Ca®. Na*, Cu**. zn**, DTT. EDTA. SDS.
Urea 2545 . L 5 mmol/L pNPGIc ¥y, [ s
RZR A MA R, BN 1 mmol/L
F15 mmol/L, 7Efid 4504 FIEHE 71, DA b
RVE A BEEE A 100%, TR AHXT IS 1T .
1.7 BglD2 /K& —¥E & E B H BIEGTE 1 E

DL Citrate-Na,HPO, 2% #pik (50 mmol/L,
pH 6.5) 4> HIECH 0.1 mol/L JEJH — 4 . FLbE. £F
Yk ZBPFIEAT . ZHEVE IR R 500 pL
FSARZ, 4345 25 pl & YRR R 475 L
T A AH LW BE IS W Y Citrate-Na,HPO, %% #h i
(50 mmol/L, pH 6.5), 45 ‘CJz/¥ 10 min, &&=
a0 I A5, SR P o 2 AR AR A - o S A Tl 1 I
J2 W A & rf 45 % B & /& (Shanghai  Rongsheng
Biotech Co., Ltd., China),

LA Citrate-Na,HPO,4 25 #p¥ & (50 mmol/L,
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pH 6.5) ALl 80% . %, FH 80%Z FE L il 0.1 mol/L
JRALHF R . 500 pb S W AR R AL F 25 pb i 2
B, ZUR SN 5 mmol/L 1 B8 AL 1T
Citrate-Na,HPO, 2 1% (50 mmol/L, pH 6.5),
AR Z T 45 “C ) 10 min J5, fiA 500 uL JG
KOBERA S ZAE N, 12 000xg &> 5 min,
RIS 0.22 um AHLRUEAS , M RORH gk
(High-performance liquid chromatography, HPLC)
AREI 7y A= 8o TG 3 BRSE E CR 1 74 1 nmol/L
P2 P R T 1 U
1.8 HEEFMAEEEE DRI

PL Citrate-Na,HPO,4 ZZ #pi (50 mmol/L,
pH 6.5) MC il # 45 #H AAMHA W . SOVAKR ZR Py
BIIMALAE N 0-2 mol/L (i 25 E sli A, 78
SR SR T I S T o LA TR Y S ) R
100%, 3R AHXS BT

1.9 BgID2 3 HEEIE RN E

7 2.5 mL BYEEREH ROBAA R, AL AR
500 pL (10 U/mL, Lk pNPGlc NJEHIGE), Lk
ik 150 g/L MR 4E — 0%, 35 CAMF F i 2 h
K HPLC A I 1 74 -

110 ZEEXEEE N RIBEMFNM

LA pNPGlc MY, 1] KA & 43 i A
LU Bl 5%—-30% 0 £, 43 AIAE 30-50 C4c1F
T, W AN R v B 2 et T 7 2 . AR
R EE 10 100%, A XS T .

PL pNPGlc MY, M BARRFIMA 10%
B, 78 30 CAAFTE 2 moxt B i e e sg
Wi, LARIEAEEIG F1o0 100%, ARG 1T .
111 s hESHR

S WA ZR I AL BE S 0-3 mmol/L 1Y
PNPGIc RIIEY), TEfRiE W 45T, MlE BglD2
JN B J1 2 25 SOWARZR 43 S A LMk B Sy
10%F4 2.1 . 100 mmol/L 45 34 F1 150 mmol/L
PIAHE, 27 CBE . FAG . ARBEXT BglD2
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SIS . A Origin 8.5 #ff,
LA Michaelis-Menten J7Fz, Tﬁ%@@ﬂc
E/‘J Km\ kcat&’fé’ﬂﬁ%l% (kcat/Km)o

1.12 BgID2 KREMEFHIN HESEKNE

TR Z i A2k B 24 0.02-5.00 mmol/L 11§
RO, ST KR RONAR FR o SO 4 o LA
500 pL JoK £ EEZ ks, 12 000xg 5.0 5 min,
BBk 0.22 pm A HLRIERS , HPLC kil ™~ 94
o MREAREM LI A2 EE s, RA Origin
8.5 Bk AR Lk YE#LS Michaelis-Menten J5 2, 1154
it 7K A SRR ) 17 28

1.13 BoID2KEEMEFHI EARSEFHML

DL Citrate-Na,HPO4 2% W (50 mmol/L,
pH 6.5) ALl 80% L EE, AR 200 mmol/L il
TR . #or 8 mL E /KM AT A SO N IR &R
PR ULy 2 mg/mL (LB % 15%), il
N5 Us BRWAKRTTA 30-45 CIKIEH
3 h, PL500 pL oK LEEL L, 12 000%g &5
L 5min, FiE 0.22 um AHLRJESS, HPLC K
W, A o s T

BIE R WIRE TS, [ 8 mL KW AR ER R A
5-20 U AR, S 3h, LA 500 ul Jo/K ZmE k-
FL, 12 000xg 5.0 5 min, Fifid 0.22 pm AL
RUEARLLUE, HPLC A, 5 S N fre 3 il ik o

S BE AR, 7 8mL iR &R

AL E Jy 2. 3. 4 mg/mL (W ERLFF (&
PR BE 43 )k 15% ., 20%. 25%), M§fely 15U,
S 3 h, Ph 500 pb JorK SRR Ik I, 12 000%g
B0 5min, BUEFT 0.22 um A HLR IERF L E,
HPLC il , ) Sz 1w e i IS0k

AL KRR VAR R, AR 1. 2.
3h,uwmm%maﬁ%¢ﬁ&,uowm%
£ 5 min, R 0.22 um BHLRIERS L IE,
HPLC il , Al Ak 52 1 Bisf [ o

FEALH AR R A RALH KR 3
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(%)=(7K A 1 B ALY 0T 2 — 7K A S R L T £ )/ K fi
Hif JRAL T BT x 100,
1.14 SNAEEE (HPLC)

JEALH KA ks A Agilent Technologies
1260 Infinity ¥4, FL&ZEAIGRMIEE X TSKgel
Amide-80 (4.6 mmx25 cm, 5 pm) 23tk B
TBhAH A S HEE, EhAH B K, SR FHBR BRI
30 min NEAHH A B N 20 : 80 B IERE
90 : 10, ZEFFVEME 5 min; HEE7E 5 min NFEE
20 : 80, ¥ii# 0.5 mL/min, #£J& 30 'C, F 303 nm
G I 9 1 A

2 BREMM

21 B-EEFEHDS BgID2 MEARERFIINH

r Bacillus sp. D1 B #k s FE 3K 15 bglD2, 4=k
1347 bp, HH P4 258 28 GenBank £l i (&
SR MT815914), AL 4fid il 449 R
M EN, SDS-PAGE 45 B8 H T R4AN
50 kDa (& 1), 55 F 2 m )7 55 #is 1
i+ 49.4 kDa #fir, LA pNPGlc NEYy, 4ifk)s &
1 H S > (120.900.03) U/mg.

FEF MR, 15 BglD2 & MR ¥4 — 2k
It 70%0E P, £ Ak R ALy B
2. BgID2 5ER43k AR - 4505 1T BT 51
— 3 k#w, 40 Bacillus weihaiensis Alg07 (—%k
£ 99%, HHIPE 99%) . Bacillus mesophilus (— %
Pk 82%, HIMIYE 90%). WVEZFAFTE Bacillus
oceanisediminis (— &M 81%, FH{UYE 90%), XLk
FPa ¥k B BRIy . 5 C A RRAER
GH1 ZK ¥k p-#iZ Wi AR 1, BglD2 5k H K2
VK G W) T B TR 2 SCPE I B~ %60 1 8 BgIlLA
Y F 8 — B0 R 44% (FERIME 60%), >k B [A]—3C
) BgllB ()74l — 3t 40% (AL
60%)1 M BgID2 i M Bacillus sp. D1 [tk
SLMEARAT Y B-T 4 BT A BgIDL By —BE N
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kDa M 1 2 3 4 5

116.0— =N
66,2 — U R
45.0— B ~=- —
35.0— =k e
25.0— .
18.4—— -
14.4— .
-

1 p-EEHEEES BglD2 By SDS-PAGE Hik 2 i

Fig. 1 SDS-PAGE analysis of B-glucosidase BglD2. M:
protein molecular weight marker (Thermo Fisher
Scientific, Inc.); lane 1: the sonication supernatant of
E. coli harboring plasmid pET22b(+)-bglD2 without
induction; lane 2: the sonication precipitate of E. coli
harboring plasmid pET22b(+)-bglD2 without induction;
lane 3: the sonication supernatant of E. coli harboring
plasmid pET22b(+)-bglD2 induced by IPTG; lane 4: the
sonication precipitate of E. coli harboring plasmid
pET22b(+)-bglD2 induced by IPTG; lane 5: the protein
after purification by Ni**-NTA affinity chromatography.

47%, AR 63%, JFHIHLXT &I, BgID2 i
SrOHERAER) GHL % B-Hi b 1T A AT 1%
FIHAHRESE 751 NEP F1 ENGRY | Hrb Glu163
1 Glu3s1 & BgID2 #Eil i fkak e (& 2).

2.2 REF pH XTI p-HEEHEEES BglD2 B§iE S
B 52 M)

B- 7 2 Wi 1T i BgID2 il S W IR E N 45 C,
1t 25-50 C i Hl N Ok 45 if 50% Ay i 75 )
(l 3A). BgID2 (iRl ik JE 5 — 2ok A1
A YIEESEA,, ¥AbTF 45-55 CHREEIX R, N
K A H M JE Aeromonas sp. . #f B I &
Streptomycete sp.. i RFRIGE Martelella
mediterranea RO, 24 sz 7 I 4
it A S M T R T T PR B A o BgID2 i S i pH
4 6.5, £ pH 5.5-7.0 Ju[H M PR FFHE 1T 80% i}
571 (K 3B). SHFVEkIAREEML, BgID2 mili A
e, 30 CHaEiin] 4EK % 20 h (& 3C), BgID2
£ pH 6.0-7.0 YL NAR &, pH 7.0 I pERE 1
4 (Bl 3D).
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#

ADD 96762 : 70
ACY 96762 : 3 E I i VACL C 2 70
BglD2 : ===--—--- z fi A I I 63

WP 072580823 : ========= : 163
QCQ 29109 : ———-—-- \ ! j 3 VHREO[IRM : 65

IWD F pgké 1
* 160 * 180 200 *

ADD 96762 : Y HE§VDEITLAFG[E 5| < VGKE Y GREE LLLE 1213
ACY 96762 : DRiAY CDLVSORIGHE 7] SHEM b1 TGRENGRORIS 1213
Bgl D2 : EKCFEELD) ] o Kﬂ LI 1 206

WP 072580823 : EKCFEELD[ ] 3 : 206
QCQ 29109 : ELMEKE FNGKHKE ] VAT T 1209

ADD 96762 : [
ACY 96762
Bgl D2

WP 072580823
QCQ 29109

% .
n oSG ‘ y Ty : 421
R FOSEEVE e} B a2
FDBTVA P g B GO SHVER ST ME ; g : 421
i MRCRES : 2 i s 421
S T ; : 422
D .

T 442
E-: 449
: 449
1 449
1 449

ADD 96762 :
ACY 96762 :
Bgl D2 :

WP 072580823 :
QCQ 29109 :

& 2 BgID2 5&F 4B p-EEEHEEFF LS
Fig. 2 Alignments of the amino acid sequences of BglD2 and other known B-glucosidases. The conserved motifs of
NEP and ENG were boxed. ADD 96762: B-glucosidase Bgl1A from metagenomic library; ACY 09072: B-glucosidase

Bgl1B from metagenomic library; WP 072580823: B-glucosidase from Bacillus weihaiensis Alg07; QCQ29109:
B-glucosidase BgID1 from Bacillus sp. D1.

A <100} i B < 100}

< S

z 80T =y

E 2 60}

5 60 - § il

4 L >

'% 0 B 207 -=Citrate-Na,HPO, buffer

E 20_. e 2 op° I—TFI-IlAc-ll\iaAclbuffelzr
25 30 35 40 45 50 55 45 50 5.5 H6.0 6.5 7.0

Temperature (°C) P
C D

F 100 L\ ;@100

2 Far

= 80 | - S 80

S 60t i = g 60

2 R g

= N, =

= 407 i 3 40

& A & A
0 5 10 15 20 25 30 01 2 3 4 5 6 7

t(h) ¢ (min)

3 REF pH Xt BgID2 EgE h RiEEMER N

Fig. 3 Effects of temperature and pH on the activity (A and B) and stability (C and D) of BglD2. The optimum
temperature and pH were determined with pNPGIc as the substrate. For the effect of temperature on enzyme stability,
the purified enzyme was kept at 30 °C in 50 mmol/L Citrate-Na,HPO, buffer (pH 6.5), and the residual activity was
measured using pNPGIlc as the substrate. For the effect of pH on enzyme stability, the purified enzyme was
pre—incubated in 50 mmol/L Citrate-Na,HPO, buffer (pH 6.0 to pH 7.0) at 45 °C, and the remaining activities were
measured with pNPGIc as the substrate. All the results were the average of triplicate experiments.
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23 ERBFRAFRFNEE NI

5 mmol/L i Cu**. SDS X% 718545 1 il
YEH, 5 mmol/L ) Mg, Ca**. Na*. DTT X%
T HEREER, K DTT ol fiE§IS S IRT =
1.27 f% (% 1). EDTA WA XS 1 e, i
I HEN BID2 A& 48 e FREivE a1, 52
FOE AR Y - AT A R — B
2.4 BgID2 7k iR EREFI Z ¥E R4 A LLER TR N E

LI AL M Y, BglD2 4k L i 3E N
(284.05+2.47) U/mg. BgID2 " LI/Kfit p (1—4).
B (1-3). B (1-6)FEZ MR, DIRR W MK
Yy, BgID2 XJ£F 4k WA B AT A /K f 1 AR
XPEGE . 5ok B R — kR p-#H % HE S BglD1
RS, BgID2 xFFLB I K RE 8T (£ 2).
1 €BBEFRUFKFI ByID2 BgiE H 89N

Table 1 Effects of metal ions and chemical reagents
on BgID2 activity

Relative activity (%)

Metal ions

1 mmol/L 5 mmol/L
K* 100.67+1.81 91.75+3.59
Mn?* 99.54+2.56 92.09+9.29
ca®* 106.66+1.02 113.20+5.84
Mg?* 95.79+3.63 111.12+2.89
Na* 100.58+1.19 112.37+1.13
cu®* 96.67+4.13 79.262.90
zZn* 95.25+3.55 89.96+4.82
DTT 102.29+1.51 127.70%3.15
EDTA 96.92+2.60 100.46+1.68
SDS 40.02+3.16 21.99+1.02
Urea 105.41+3.43 101.33+2.58

% 2 BgID2 KR _HEREI LLERE
Table 2 Specific activity of BglD2 toward disaccharide
substrates

Substrates Linkages Enziﬂ?{:;'v'ty a;i‘ﬁ;“g%
Cellobiose B (1—4) 4.02+0.08 100
Laminaribiose B (1—3) 3.63+0.18 90
Gentiobiose B (1—6) 1.20+0.02 30
Lactose B (1—4) 0.49+0.02 12

http://journals.im.ac.cn/cjbcn

25 HEEREAMAENEETE AR

A B AR X BgID2 BTG 147 — 5 A2
HEVERT, 100 mmol/L #1475 % 1 ) il 1 A 2k 4
K, IAF SIS S8 2.0 %5 150 mmol/L iy AW
XoF i 7 AR A RO, IR 3 RS Y 2.3 4%
Wil WV B A RS N, ES J7 Z B . YA
HIEBIR EE$ T 1.2 mol/L #1 1.0 mol/L, BglD2
1 71 B A DR S 1 —2F (&1 4).

EAPITR LB, WA B 7 0L i 5 W 5%
PEHIEYEA G, DI — M h kY, 4 BglD2 5%
BEA J5 A2 BUEF 4 — B, R W] BglD2 A — & 1%
Wit RES) (& 5).
2.6 CEEXEGE N RIBE MR

30 CHMTF, 10%Z % BgID2 YRS 71 H
FAEHEVER, ATEEG IS 1424 1.2 1%, 25%19 &
R R BA 24 60% 0 1 7 o 23 B T & 45 C LU
I, CEEXTEGE AR EVE RS (B 6A). &
X il RS E MR AR, 30 T4, BgID2
1E 10% LB A 2F 2 1 5 h, AN S B Y
A EWIK 2 20 h (& 6B).
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Fig. 4 Effects of glucose and xylose on the activity of
BgID2 with pNPGIc as the substrate. The activity of the
enzyme was evaluated in the presence of varying
concentrations of monosaccharides. The relative activity
was defined as the activity in the presence of effectors
relative to that in the absence of the effectors. All results
were the average of triplicate experiments.
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Fig. 5 HPLC analysis of transglycosylation activity with cellobiose as the substrate. (A) Cellobiose in the reaction

mixture before transglycosylation. Peak 1, cellobiose. (B) Transglycosylation products of BglD2. Peaks: 1 glucose, 2
cellobiose, 3 cellotriose.
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Fig. 6 Effects of ethanol on the enzyme activity and stability. (A) Effects of ethanol on the enzyme activity. Reaction
mixtures contained 5 mmol/L pNPGIc in Citrate-Na,HPO, buffer (50 mmol/L, pH 6.5) with varying concentrations of
ethanol. After incubation at 30-50 °C for 10 min, the activity was measured under standard assay conditions. (B) Effect
of ethanol on the stability of BglD2. The stability was assessed by incubating appropriate volumes of the purified
enzyme with 10% (V/V) ethanol at 30 °C. Aliquots were taken at regular interval, and the residual activity was
monitored using pNPGlIc as the substrate. All figures were the average of results from triplicate experiments.
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Table 3 Kinetic parameters of BgiD2

Km - Kear/ Kim
Ko 1 keat 2331187 0.23 mmol/L 1 103.04 s7* (35 3). mmoly =) (Lmmols)
VR AR R A XS BoID2 MRS A — pNPGIc 0.23+0.02 103.04£0.02 444.17+0.01
SRR TE. 324N . 76 100 mmol/L i PNPGIc 1.14+0.02 114.37+0.03 100.32+0.02
’ ’ (10% ethanol)
ZBEEL 150 mmol/L ARWELFTERS, BEMEILAY kea 77 pNPGIC 0.71#0.04 244.52+0.02 316.27+0.01
wl it 0 0 . o - (200 mmol/L glucose)
AN T 13691 167% (3 3). 15 10%LRBEAFLE pNPGIc 0.69+0.04 276.27+0.01 397.51+0.02
AT, BHEAL Kea 0T 11% (150 mmol/L xylose)
DL WY, BglD2 KEIERTE K Polydatin 1.03+0.01 12.95:0.01 12570.01
DU A ’ Ju m
#: 010-64807509 52, cjb@im.ac.cn
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A 1.03 mmol/L (& 3), Fi&E Tk A Aspergillus
niger SK34.002 114 - 7 Hlf 1 B 7K fift PR AL H Y Koy
(0.74 mmol/L)™*,

2.8 EREHKBEEML

DL B B A O T S48 bR, BgID2 #E
30-35 Cyu B, FF R it , #ad 35 C,
o MR, RS e 35 CAM T AT
(E 7A) Bl AR AL ES R R, A 1.8 U/mL BgID2
M 2E R s (K 7B)L ISR FE A 25 Rk
WY, BA 3 mg/mL JEALTE, ZKAR T I3 s
e (B 7C). BFLfbas SRR, KM 2 h
Ja AR B i (K 7D). k)5 BglD2 /K
fif PRAL AT S N A IR EE 3 mg/mL,
1.8 U/mL fifiH, 7€ 35 ‘C4FF i 2 he el 4%
7T, BgID2 % FERLFF /K i RiKF] 86%, 138

A o5t
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Fig. 7 Hydrolysis of polydatin for the production of resveratrol by BglD2. (A) Effect of temperature on the production
of resveratrol. (B) Effect of enzyme dosage on the production of resveratrol. (C) Effect of substrate concentration on the
yield of resveratrol. (D) Time course of the reaction mixture catalyzed by BglD2. All results were the average of

triplicate experiments.
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SR Bacillus sp. D1 WAl GEATH T AR B9 49

TEEERTR . HAT AR AL R Y - A T
Wi, RS LI 21 45-55 °C R0
ik F W R 2 K AR W oG 3 R A SR
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BgID1HI BgID2 % . 1 SR I M A 5 T 3R
B 00 e & AL R B, HE R 2 AR B0
BgID2 7E pH 6.0-7.0 FR5g ih HA M S )
H bRttt , 256 A0nT B-73 2 W1 i i 4
PP e — R PR 7R U PR R RS Bgl A
Bgl1BMFN BoID1 P mg oA (A . — i
B Y Cu™ J2: - A B W A el ),
A4 J 8 - X B 1 R s2 e 4% 5 . T BgID2,
Mg® . Ca®*. Na"% 4@ & 7 al & T W% =
1.1 f5PAE, Xk A [F— R BgID1 A 5200
RIF, XA Mg* a[4&7 BgID1 HIfE /1, Ca®*
1 Na" %o B s g5 /N

L1 B~ 4 2 e k7 52 7 ) A T I
TR, AnIRAT A 248 K 22580 B~ A T il X
IR IS 77 00 T S R, AR AR 1 A
B0 AT LA S A 4] B4k 2 4 Bl AR 05 v, A o]
WHC (K) — %R 0.5-100 mmol/L . HIRAG £ &
R VR () FL A 1 2 W i a2 M Y - 2 B T
1, —SCRlf AN 2 K ATREE RS, FF HAE
A I 5 4 2 o R P S A PR 022280 e A
ANE . RERE . FUBESEXT B AT B RO B TS H
R AR BEE P2, Sk [ Bacillus sp. D1
BglD2 #1 BgID1, DAJCk HiRZE KA
I P4 SCE 1) Bl AROS HLAT WA 16 ek, 78
PR . RWERE NS AT BB PR B4R THEY B
BEFAVE ITERE L HE B~ 2 A0 Bl 1l 7% 4 T ThI kS
JEH H A 28 DLeT 4 — KW, BgID1
BRI T BRI IS TES], BgID2, BgllAM
IR RN WA BRI YR, B e, BN AR
FHAE B-# 76 WH T I3 W42 0 7 1T AT RE AR 3 1

% : 010-64807509
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Wk [ 30 AL SCEE 1Y) B-7 45 5 1T il Bgl0,
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LR TR, LRSS LR AR SRR
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%4 BglD2 5E#RiE p-AEEEHIKBEMERILEEE. K, RKBEHILR
Table 4 Comparison of the specific activity, K, and hydrolysis conditions toward polydatin using BglD2 and

some known B-glucosidases

Specific

Enzyme origin activity (mrr|1<(;nI/L) Tem(plecgture pH Time I—:thersol(z//:)ls References
(U/mg)

Aspergillus oryzae sp. 100 55.00 0.74 60 5.0 2h About 100% [39]
Aspergillus oryzae (CICC 2436) Nm Nm 50 4.8 8h About 100% [5]
Aspergillus niger SK34.002 75.90 0.74 60 Nm 4 h About 100% [18]
Dekkera bruxellensis (BCRC920084) 115.00 Nm 50 5.0 About25h About 80% [36]
Almonds (Sigma) 54.15 Nm 50 6.0 About12h About 100% [36]
Lactobacillus kimchi JB301 1.49% 0.20 30-40 5.0 40 h Over 99% [40]
Bgl2238 from metagenomic library ~ Nm Nm 44 Nm 12 h 95% [42]
Bacillus sp. D1 284.05 1.03 35 6.5 2h 86% This study

a: one unit of enzyme activity was defined as the amount of enzyme capable of hydrolyzing 1 umol of glucose from glucosides

per minute. Nm: not mentioned.

Dekkera bruxellensis > g, 75 276 = T 50 C 4%
PE TR KRR A LA BE S i (R 4), BARZFD
B S Y B~ 2 AR T R /K ik PR AL TR R
B WK R, B S S B Y SO I [
4n Aspergillus oryzae (CICC 2436) RIANET 2 8 h
A AT IR 100%7K fif %, Dekkera bruxellensis
RUEEENITFEE 25 h A4, Wik 80%LL Rk ffR
(3R 4). AHELTF , SR IR TR 4014 Bacillus sp. D1
f) BgID2, RI7E 35 CL&AMF TR, KN
2 h JG K255 86%, HAMGIR . s fb el
TR i — i, KRR T, RAT
SR Jy B A ISR — 2 1 1Y St AR BE
AR, 1 EBEE SRS T, 774 s 2 A B
FM, HA T 52 Rpe™ Pl S Ak iy p-#
2 W1 i BoID2 K B3 & T il 1 AL pR AL LA il
R,

4 HH

MR B R 2 . AL A . Bt
AL A 0 o) A5 356 1 1) T B B~ 2 il 1 T
BRI . AWFI A Bacillus sp. D1 H %,
ikt IR RE T B- A AIE e BglD2, %
HA G O BE SR IEIG R e, RERSTE R
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