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B R R

Ay EANF KTH BF AW
(FgFFR2e 242208 KRBT TR EE S50 E K 300071)

B E: (88 5 5RF B-RHEF0HS~ AR, AT AL EAL, AL~ B-7)
AT EEF MR AT M T AR, [FE] RALTR B EZKLIEHA ST FiL B-5 &
VBB A T, R AN AR L -B-D-wkbrh F) F 4 (PNPG) B &k #4706, @it A4
AE. 3R A ALAFAE R 16S rDNA A 7 A ri/\#fr%ﬁ/%zfa TR EFAL, FIARE. B
KENT A BT EN. 4T i BAT R B-%) £ 48 F Be vt AT 4 B 464L; VL PNPG A &4, N
. B-F A 64 R iE RUF pH AR IE R IR, i i ) *’M’F B % 4 . B- %) #) 4 H B
AR R R KB R T Knfh., [4R] M EEAF S P 5252 —4k B-F %%ﬁ%@&%
= H R ZF-6C, #% % 2 4 Bacillus korlensis; 3f ie4T 5 ZF-6C Ff /= B-#] Z)48 F 809 o
4% 90 KD, ®RiER K pH AR E 55 A 7.0 = 40 °C, % BB A KR B(l,4)%/§ﬁ€}£éﬁ)%
M, ﬂ%ﬁ/ﬁm%i@éﬁﬁﬁ%%-ﬁﬂ—%ﬂ@%ﬁ%%’5‘%‘ Knfi# 0.73 mmol/L. 4 /& & F Ca®*. Pb*
¥R BeE, M Cu™'. Fe™ 474l 88E. (4544 4 KIRiE A Bacillus korlensis ¥ 4 & 13 2| B-#)
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Isolation and identification of a g-glucosidase-producing
strain and enzymatic characteristics of the g-glucosidase

ZHENG Fang CAO Xiao-Fang ZHANG Ya-Ling BAIFang~ BAI Gang

(College of Pharmacy and Tianjin Key Laboratory of Molecular Drug Research, Nankai University,
Tianjin 300071, China)

Abstract: [Objective] To isolate a novel B-glucosidase-producing strain from soil, to clarify
the taxonomic status, and to study the enzymatic characteristics of the p-glucosidase. [Meth-
ods] A B-glucosidase-producing strain was isolated from soil sample using esculin and
4-nitrophenyl-p-D-glucopyranoside (PNPG) coloration methods; the taxonomic status of strain
ZF-6C was clarified by morphological, physiological, chemotaxonomic characteristics and 16S
rDNA analysis; the p-glucosidase was isolated and purified by ultra-filtration, hydrophobic
interaction chromatography, anion chromatography, molecular sieve chromatography; with
PNPG as the substrate, the optimal reaction pH and temperature of B-glucosidase were
determined, the Michaelis constant K, of B-glucosidase against different substrates were
determined by Lineweaver-Burk plot. [Results] A strain, which produced p-glucosidase at high
level, was isolated from soil and identified as Bacillus korlensis, the molecular weight of
B-glucosidase isolated from Bacillus ZF-6C was 90 kD, the optimum reaction conditions for
this enzyme were pH 7.0 and 40 °C. The enzyme was active against a wide range of § (1,4)
linked disaccharides, the optimal substrate was o-nitrophenyl-p-D-glucopyranoside, the Ky
value was 0.73 mmol/L. Metal ions Ca®* and Pb** enhanced enzyme activity, Cu** and Fe®*
inhibit the enzyme activity. [Conclusion] This is the first report of isolation and identification
of B-glucosidase from Bacillus korlensis. The B-glucosidase from Bacillus korlensis is widely
different to known enzymes at molecular weight, optimum reaction conditions and substrate
specificity aspects. This B-glucosidase may have novel structure and high catalytic efficiency.

Keywords: Bacillus korlensis, Isolation and identification, B-glucosidase, Enzymatic properties
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B-7 4B ¥ (B-Glucosidase, EC 3.2.1.21)
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ar R | AR AR R AR IE BBE  TE E e f, Db
I 2 A 1 FH RS A A 6 R0 H Wy B- 70 2 1 il 1)
HEA PR R E, 1 HARER S | PG
25 AR A - R - 4
O e A5 3 — Wk 7 B A Tk - 2 AR T T PR
ZF-6C, iyt 16S rDNA JFHAIMIME /b 455
e e HL T ) LA L HL T 7 e A A R
1T

1 RS

1.1 ##

111 M SRAE B RETTHET X RAE
112 EZRF: XA 5L -B-D- N g 78 25 1
(p-nitrophenyl-B-D-glucopyranoside, PNPG) . X}
FEZR 3 (p-nitrophenol, PNP). -t R (Esculin hy-
drate) LA S 45 Fh B 2 M H I X H - Sigma
ol INKREERG . A ETREN . IR A
Sy S Ve T2

113 EFE: FEMESEFREQL): EHk
10, BERHRHE 3, AALEN 5, pH 7.4-7.6; WITHiLEFF
H(g/L): HEFME 10, Behkky 3, Skl 5, Lt R
0.1, FrEEMR R 0.2, Brifig 15, pH 7.4-7.6,

1.2 PSRRI IFIZ

1.2.1 #IfE: HL1g A, InA 10 mL JEHEIK, Bk
P %, HGETR, B mL R T R
AT E SRR, 37 °C. 180 r/min 1555 24 h, =4
SCHR[AL], HCE 46 B F W Y 4 B Je I Al T 000 0
B FRILTAR, 37 °C 5537 24 h, FIAFZPRBUR B4
TR 0 Y BT PR — 2P R Al

1.2.2 & WHRITHRINEE R E] LB
Fidkrh, 37 °C. 180 r/min 3535 24-36 h, KT
12 000 r/min &5.0> 10 min, Y& B3E, SEATRES 1
W5, BAwRER 3.

1.2.3 BEEEMEMNETE: Bo6 fLb, A K EER
3% 10 pL, 0.1 mol/L pH 7.0 F7 5 R-Ri iR Sl — 4N 2%

i (CP) 80 pL, 50 mmol/L PNPG 10 puL, T 37 °C
PR 15 min, as X IELL LB B A e
H, HARRLE, RNZEEESE, A 100 ul 1 mol/L
Na,CO; I &, FHEEAR I 450 nm A&k Wt B
(ODuso) o 1 NS S35 (U) 8 A pH 7.0.37 °C
MR, B534h AR 1 pmol PNP IR A&
1.3 EMERE

ZEAE A AR M TR RS S8 0 S8
PP E TAE,
14 EERYS B4

¥ 7.5 L AHEERGS B 08 10 kD By
S AP YRR, HIBRR M4 2 300 mL, 12 000 r/min
B0 30minJm, EiES 2 mol/L 9 (NH,),S0s 25 1
RE, IEE M 1 mol/L (NH,),S0; - i - )
HiTrap™ phenyl FF BiZki: E, F 1-0 mol/L 1
(NH4),SO5 #4726 11 Uk i, &% a2 Uk i 3 B
1 mL/min, BEBEAE 120 min, &P A 5T
J&, FmEH 20 mmol/L pH 7.4 Tris-HCI il
i) HiTrap™ Qup A F 22, FH 0-500 mmol/L
NaCl FEAT4eE e, e PEMGE B 1 mL/min,
PR E] 160 min, WG TEAL ARG, BIERAE 2
5 mL, /i3 Sephacryl S200 (16/60)3: ¥ kAL
-, HI CP g e, WA RS MERE S,
THEFIERIY . Slifb s PRI AR PR N
Tk Bz 25 JE HL, Uk (SD'S-PAGE) 6 I il 14 i B 1% 431
o B R I R R BCA i &k, LA BSA
TVERRE G0 8 R B2 A T IU E o
1.5 B-BHEEHIHIELEE

VARSI, HEA TR I SR DN A T e
JieH ik (Native-PAGE), ELA T #: W22 SCiik[13].
B A% Hy it s i G250 Jufn, F%hi H] 0.04% &
- 0.6%F PR MR AR A TR e YL (1
1.6 EEFMHERHAR
1.6.1 BsEE/RMN pH: FFERR . NaHPO,.
Na,COs BCiil 2% ik, HZZ npifcil pH 2.0-11.0
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() 2N K BEREIE, 37 °C S50FF 43 5 o W
VIS RS R 100%, HoAx AT G, A4l
23K,

1.6.2 EERERMNRE: fEfiE pH &0F, 18
20°C. 30°C. 40°C, 50 °C. 60 °C, 70°C. 80 °C
YL FE R BT 43 0 B s, DA SRS 100%,
HAHARNTEEE, FHER 31K,

1.6.3 EEEYMFEEMEIN pH R EME: SRR
3 BIHE 40 °C, 50 °C, 60 °C 214 AR 1 h, %
HJg, TS EGE S0 T 2 B E, DUOR VB
TR A T % o 10006, LA Sl G B 5 it A A
FEtE, R 3 AT, S IR
JAZ] pH 2.0-9.0 i) CP Z g rhr, 37 °CAEIE 1 h,
T AR A T I A B, AACYE A PR A ) B
7174 100%, LIAHXTBERE B B pH R Pk,
A 3 AT

1.6.4 KRIEFEHKnE)BIME: 76 pH 7.0, HE
37 °C ZKMFF, Mg - %0 H BEEA [ IRk
BEF 0TS 1, FIF Lineweaver-Burk XUEIE4E
Kk, K Knfio

1.65 &EBTFMEEFEOEM: 1N IARPT
In—E W ER4EE T Mg* . Ca®*, Fe**. K',
Mn?*_ Pb*" . Na*. Cu®". Zn** 22k 1 mmol/L,

TEFE NV SAE T, LA PNPG 1B N JE W 8 it
%o LIRS E B F I BER X R4, 5 H
1% 4 100%.,

2 HZRAH5SM

21 B-HEEIFERENVFEIE R

SR FH-E I ROPA L R [ 3R S A B
TR, 38 S TR T ] B R A R
T, Wi B-HIAIBE T B AR, RIS 5] 18 bRiE
PERIfR . 28 PNPG &0 5, BEHREE M = 10 B
Pk ZF-6C (Kl 1), #FAT/REL0H5% .

22 WHERE

Wtk ZF-6C HAEEFFAR, 0.7 umx(2.2-3.6) um
(B 2A); ZEABDY, T, MR, F
[RY M, EEFREIRIE TR LA A,
B, WF, Wi, KRG, RNEH, g
5 (l 2B).

K MEGA 4.1 #f, &P Hak on itk
ZF-6C SHHERIE 16S IDNA FEFI R G KB
W 3 i, EHkk ZF-6C 5 Bacillus korlensis 5
KRRIE—NRAELE 513, JFHRIEMER T
99.3%., 45ATE A FARE A BAR (L BRAE (R 1),
P HIRE ZF-6C #1254 %2 4 Bacillus korlensis,

Bl p-EEEEEETEERERER

Fig. 1 The second screening of g-glucosidase producing strains
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23 B-EEBEEHmHSEMAL 390 kD, 4ifF>090%, 4lifk T 484 1%, MG 1N
WPk ZF-6C 7 LB ARG SR IE A I 24 h J5 1.64x10° U/mg (3% 2, &l 4), 7F Native-PAGE H7,
AI AR BTG 1780 U/mL, MR Oy (8 4, Lane 7) H5-EMRiGH:
W BUKENT . BIETEN. 2 7mZEEes Je@ar (84, Lane 8) Hh—4MISERY AT, 1A
B-HI AN T MFLlilg, 24 SDS-PAGE #l/rF4y Witk ZF-6C Fi= B-A bt i nl At — ATt .

Bl 2 BHk ZF-6C MEAREERS
Fig. 2 Morphological characteristics of strain ZF-6C

aczllus circulans ATCC 4513" (AY724690)

acillus nealsonii DSM 150777 (EU656111)

(Rl ULV Lo ) 5 U §

J_I— Bacillus benzoevorans DSM 53917 (D78311)

J ZF-6C

B Bacillus korlensis NRRL B-51302" (EU603328)

‘ acillus siralis DSM 131407 (AF(071856)
A‘ l— Bacillus purgationiresistans DSM 23494 (FR666703)
Bacillus oceanisediminis JCM 165067 (GQ292772)

Jr‘E

76'— Bacillus firmus NCIMB 9366" (X60616)

r— Bacillus pocheonensis DSM 181357 (AB245377)

o1 AbB4

95 Bacillus soli LMG 21838" (AJ542513)

Escherichia coli ATCC117757 (X80725)

0.02

3 ZF-6C 5#8%##9 16S rDNA FHI R G4 B
Fig. 3 Molecular phylogenetic consensus of strain ZF-6C based on
nearly complete 16S rRNA gene sequences
E: $55 N8 GenBank #2135, #E1T 1000 AIAIRIE H AT, & & 55 s HUE 7R Bootstrap {HR T 50% 540 fE; HEHIR
H 2% 75 25 5%

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch points is the boot-
strap values with >50% support. Bar: 2% sequence divergence.
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£ 1 FHk ZF-6C BYETRE LI

Table 1 The physiological and biochemical characteristics of ZF-6C

R 2z HEAE 2T
Characteristics Results Characteristics Results

Oxidase + 5% NaCl +
Nitrate reduction + 10% NaCl -
Esculin hydrolysis + Acid production from

Arginine dihydrolase - L-arabinose +
Citrate utilization - Glycogen +
Contact enzyme + L-rhamnose +
Indole - D-xylose A
Tryptophan deaminase - D-sorbitol -
Ornithine decarboxylase - D-galactose +
Starch hydrolysis + Lactose +
Gelatin liquefaciton - D-ribose +
ONPG + L-arabitol -
Lysine decarboxylase - Xylitol -
H,S production - D-glucose A
VP + D-lyxose -
Casein hydrolysis - D-tagatose -
Urease - Glycerol +
Tyrosine decomposition - D-mannose -
Growth Sucrose T
Anaerobic - a-Methyl-D-mannoside -
50 °C + B-Methyl-D-xyloside -

T+ PAPESESR,; — BIPEESAR, + S5 PR kg R,
Note: +: Positive; —: Negative; +": Weak positive.

x2 PEEEEEHMOBAL

Table 2 Purification protocol for the B-glucosidase from strain ZF-6C

S R RIS i) o sk
Purification Total activity Total protein ig'ce|€|ftl3(/: Pur}ﬁj:{;tﬁnofﬁol d Yield
step ) (mg) (Ulmg) (%)
Crude extract 13.35x10° 39 028.50 0.34x10° 1.00 100
Ultra-filtration 9.78x10° 4207.20 2.33x10° 6.85 73.30
Phenyl FF 1.46x10° 157.95 9.23x10° 27.15 10.92
Qup 1.42x10° 19.31 73.50x10° 216.18 10.63
Sephacryl $S200 0.967x10° 5.88 164.44x10° 483.65 7.24

http://journals.im.ac.cn/wswxtbcn
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2.4 BEFMHRAHR

241 B-BEEHEEBMRIE pH ERIBERE: D
PNPG MY, T AR pH 28 i ik 2 il 2 At
fitg %, WniEl 5A FiN, ZEMIFFR ZF-6C Firre B
PR BOE pH (Eh 7.0; TRRIEE e
ARG, AnE 5B BN, ZEMAFTE ZF-6C BT p-
R 2 AR T ) 3 s N I BE R 40 °C

242 B-EEMEE pH 2 EMS PIE EERT
3 WE 6A iR, ZEMFFEE ZF-6C Jrr= -4
PHEFREE pH 5.0 IZE iR P i ikase; & 6B
IR, ZEMFFIE ZF-6C ™ B-H A pE T A T
55 °C [H¥REE U= L RR 2 1Y), 60 °C £R¥R 1 h, il
TEPEREAR G

243 B-EHEHEEBREMERME: W05 3 Fir,
ZFMIFT T ZF-6C JIT 7™ B 4 W Tl BE A% A RUK
& BLATBEAY Y. Xl HER-B-D- A AT B
(PNPG) . 4Rfi§HE 7K -B-D-1i %4 17 (ONPG) . X fiF§
FOR-B-D-LFUMEFY . XTI -B-D-Fr i AXT
Bl 32 -B-D- AW o Hodpe 3 I R & il 3 2K-B-D-
BAIFETT (ONPG), K fH 4 0.73, TMiXFTH a(1,4)
ol o1, 6)FEH I e U HE I (Ve by . 1A
22 ) W TG K A

A 120

100 L
80 |

60 -

Relative activity (%)

40 |

20 -

pH

244 EREBTXFHTE p-ABEEHEEE
BISIME: F1% 4 I, Ca®*. PO XeHixiiAa i)
BOSEVER, Mn®" | K* L Zn? WA G R, (HASHH
o Cut, FeXHZMEA 1A HIfE T, Mg
Na" A s B A

4 B-AETEEHEREARRIX
Fig. 4 SDS-PAGE of B-glucosidase at different purifi-
cation steps

7 1-6 ° SDS-PAGE, 1. ##ifE/rTHREEM,; 20 4 T2
My 30 BTHENT 4 BUKEZENT, 5 a4 RIIEBIE;
6: KW VW, 7 A1 8 24 Native-PAGE, 7: % S ik yufh,;
8: Lt RIG MY,

Note: Lanes 16 indicates the SDS-PAGE, 1: molecular weight
of marker standard; 2: Sephacryl S200; 3: Qup; 4: Phenyl FF; 5:
ultra-filtration; 6: fermentation broth. Lanes 7 and 8 indicates

the Native-PAGE, 7: Coomassie Blue staining; 8: active stain-
ing with esculin.

B 120
100

80

K
|

60 -

Relative activity (%)

40

20 | I

A\

~e
0 L 1 L 1 1 1 1 1 1 ]

0 20 40 40 80 100
Temperature (°C)

5 pH RREGRER f-EEEEEE R

Fig. 5 The effects of pH and temperature on the B-glucosidase activity

http://journals.im.ac.cn/wswxtbcn
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A 120 B 120 -
100 100 -
& 80 S 80 |
2 ~
>
2 60t hd 5 60 |
5 > \
=4 b=
40 | S 40 |
20 20 L
0 ._I 1 1 1 1 0 ‘
2 4 6 8 10 35 40 45 50 55 60 65
pH Temperature (°C)

6 pHEFREX p-HEEEIREERIZN
Fig. 6 The effects of pH and temperature on the B-glucosidase stability

*3 -EEETIBRYERENR

Table 3 Substrate specificity of p-glucosidase from strain ZF-6C

T R s
Substrate Configuration of glycoside link- Km (Mmol/L)
age

p-Nitrophenyl-p-D-glucopyranoside B(1,4) 2.71+0.28
o-Nitrophenyl-B-D-glucopyranoside B(1,4) 0.73+0.08
p-Nitrophenyl-B-D-galactopyranoside B(1,4) 20.09+1.64
p-Nitrophenyl-p-D-cellobioside B(1,4) ND
p-Nitrophenyl-p-D-fucopyranoside B(1,4) 13.06+1.18
p-Nitrophenyl-B-D-mannopyranoside B(1,4) ND
p-Nitrophenyl-p-D-xylopyranoside B(1,4) 1.84+0.12
Starch a(1,4);0(1,6) ND
Dextrin a(1,4) ND
Pululan a(1,4);0(1,6) ND

i ND: AT 3 R
Note: ND: Not detectable.

http://journals.im.ac.cn/wswxtbcn
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x4 FRIERBTM p-AEHEHEEEM

Table 4 Effects of metal ions on activity of
B-glucosidase from strain ZF-6C

EEET HEXT T
lons Relative activity (%)
Mn?* 109

K* 101
Ca** 110
Mg?* 97
Na* 99
cu® 78
Pb?* 121
Zn** 105
Fe?" 54

3 Wi

B- A FE T A RO IEAS ], oM A R KX
A, A EE EHAR) T, —EE 40-300 kD
Z I8 H HTCRE A 2R AT R IR I B A T
fitf, 43T KZ7E50 kD A47, 11989 4 Gonzalez
AU Z2 K8 2 M AT 7 (Bacillus - polymyxa) H 5 b
53 B-A AP AESEIA bglA, FEAE KBk
ik, PRI5r TN 50 kD Y B-H 01 l;
Bogas 25"\ Bacillus pumilus CL16 H1/43 5753
54 kD B-7Hj%3 W1 HE BglH; Lun 2181 B. subtilis
ooy RE AT B PR B-H0 A E BB bglH N
yekE, BATTFERIAFF o5k 57 kD Fl
58 kD 1) B-7i %5 B i, BglH F1 YCKE /K f# PNPG
(I BOE IR EE 73391k 37 °C F1 45 °C, Beid pH ¥4
pH 6.0, K, {84351 2.35 mmol/L 71 2.00 mmol/L .,
2010 4F, Naz 2\ Bacillus halodurans C-125
SEREFAS 52 kD B-H%IHE TS BglA, 7Kf# PNPG
[ fid pH (IR E 53511k 8.0 #1145 °C, Ky fH N
4 mmol/L,

ABIFGE R - R vk M e 43 B ik
H—k B-HIENET A AR A, W25 5 2R AT
B (Bacillus korlensis), iX /&1 X4 M Bacillus

korlensis 4351598 B-Hi & B, XTI Bacillus
korlensis ZF-6C j= 1Y B-iZ b A T 1 0 s 4l
1k, #35) 90 kD FAPREEE A, AHXT T HADZEHIFT
W BRI SRR, T REERAA BRI
PYZERE o It X R AR T B T R B, X
Kfi# PNPG Y fid Wil 40 °C, fiddi L
pH 9 7.0, Ko {4 2.71 mmol/L, J&—FP EAg wi it
ATEPER RS, IR PR E PR, 55 °C i
1R 1 h ABEELREF 80% LA L RS, ELik EAES
PRVEIRSE (pH 5.0) P i X BERERE /K it 22 Fi il
B(LAWEH FE IR Y), X a1 AW oK i
TG Ve, SR IS ) R 4 il i R -B-D- ) 7 A
(ONPG), K fE 4 0.73,

2 % 3
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