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B E: BMCANNTHEAZAE B-AHBFHRLRETAE, HAREMICKR G4 X
FRE ARG RATE LBA4404 F 1% B-F 842 5B K B bgl, H A A2 R L B4R pET-28b L, 4%
1% Escherichia coli RP (DE3), IPTG # 5 & i&. £41 B-%) H 4 FB4) L% 534 36.7 pmol/(min-mg).
34234 Ni ARShAGH) ELBESEATEE S AT R IN: LB R AKMBE R % | IR, R ERD S,
H— AR, &R A 40°C Fo pH /£ 5-8 X A i LA 45 49 8575, 1K T 40°C 4= pH 5-10 X I8 Bf =T
A EARA . v pNP-B-Glc 4 &4, ZBat9RiE pH 4 6.4, REREH 60°C, f£ 37°C 4= pH 6.4
B R R F Y, ZBEE Ky A 0.09 mmol/L, 3544475 & 245 8R-5- 1 BE fe ] B 4B 09 K, A1 A
0.03 mmol/L = 75 mmol/L, B4R &e)H) BT, 528 BT Ag'H Zo’ H A, BEERY 2
¥ #l. & Bt pNP-B-Gal #= pNP-0-Glc 49 K, 271 4 3.61 mmol/L #= 14.31 mmol/L.

KRR B-F) BB B BE, ARG RATH LBA4404, ) AN

Enzymatic Characterization of a Novel Glucose-tolerant
B-glucosidase from Agrobacterium tumefaciens
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Abstract: To date, the glucose-tolerant B-glucosidase has not been found in prokaryocyte. In the present
study, the B-glucosidase gene bgl from the Agrobacterium tumefaciens str. LBA4404 was cloned into
the expression vector pET-28b and transformed into Escherichia coli RP (DE3). Bacteria containing
positive clone were routinely grown and IPTG was added to induce the expression of recombinant pro-
tein. The B-glucosidase activity of crude extracts was found up to 36.7 pmol/(min-mg). Enzymatic study
was performed on the recombinant B-glucosidase purified with Ni column and found that this Bgl bore
high substrate affinity and low substrate specificity, which belonged to the carbohydrate hydrolase su-
perfamily 1. This B-glucosidase displayed quite high activity at pH 5-8 and 40°C, and was able to be
stored quite stablely at pH 5-10 and under 40°C. Using pNP-B-Glc as the substrate, the optimum pH
and temperature of the hydrolysis reaction were revealed to be 6.4 and 60°C, and the K,, of Bgl was
0.09 mmol/L at pH 6.4 and 37°C. It was inhibited by the competitive inhibitor glucono-8-lactone (K;
0.03 mmol/L) and resistant to the inhibition of glucose (K; 75 mmol/L). We also found that Ag" and
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Zn*" strongly inhibited the activity of Bgl. Its K,, for pNP-p-Gal and pNP-a-Glc were respectively

3.61 mmol/L and 14.31 mmol/L.

Keywords: pB-glucosidase, Agrobacterium tumefaciens str. LBA4404, Glucose tolerance

B-D- ] %5 # 1 A % M /K f# B (B-D-Glucoside
glucohydrolase, EC 3.2.1.21), M FR PB-% %5 1 i
(B-glucosidase), HEL A= ae 2 ME L B-H %
WET SR A A B B R L P B, T2 AEE T
. EBE. Y MSIEN .

B-HI A WETT A Z 80 Tk A H . ZERRYE Tk
1, ASR SR ER Yt SRk 25 4 3R = ROK R A
FARREE C I OCBERR, - A W Y T BN 2T 4 —
K AR 26 0, e 2 2 K At R v i R il
TEE S IT A b, B0 7 W Tl oA XU T 107 P 7 2R
o AT RN A A b, B RAR L R I A
SR AR Tl b, i B A R A B
Ff AT ) 1) 4 R T 200 B P S Y B T A R
R e, TR Bk R A O 41 4 R B 9l & B T AR
Wi, H5E i e ek R 30 O AL B 1 A P AP,
TEBEST PR AR 7T, ARAY | KT A5 VR R 2 1 e PR fi
i S 27 i ) LA OB A8, B S TR 2 AR
Py i P T AR IR WA I T K i I A A i) B 28
oo, FIF B- 2 B K i v R 2O el L
B AR R,

-7 25 W 8 1) 7K St ) A R A R - A
VEH R IE M. TEC TRy - i, 4
K228 B~ 75 1 el 1 A s 2B I ), ni A
SCHIRHR T 1Y 2 T 52 0 - A MR T R OR IR T I
B, RIERARME, RpgkaAr=t0, mWi, 4%
o A A A A T 52 Y - e MR T LA 2 Tl
R DA B OCH %L,

FRATTAE 0 35 22 Fh A R R IR 1 B 28 0 1T S
B, W K KT B (Agrobacterium  tumefaciens)
LBA4404 SRIRH) B-HHIHEH G Bel, HA AN K
F3A 75 mmol/L, HATAR w5 4 3 A B I 52 1 R A
#7E pET-28b I+, %41k Escherichia coli RP (DE3),
IPTG 53Rk, HEAHAMM LGN 36.7 1U/mg, HA
(=R Sy e

1 MRS

1.1 E¥RSRR
E. coli RP (DE3)IJ H 35 [ Stratagene /A #);

E. coli Topl0. MRJEAKT B LBA4404 V4 F 3%
Invitrogen /A F]; pET-28b Il H 32 [E Novagen 23 F] .
1.2 Eg5iLH

BRI A IR . PrimerSTAR HS DNA H 47l |
T4 DNA JEREEEI | TaKaRa A 94 AN 7 (hE,
Ki%); Agarose W4 H Gene Tech Aw](HE, i),
DNA & MG & F 32 E Axygen A H]; PCR
I ISR MR A BR A WA 1 DNA T4
I3HT TAE BT R AR Y HORA FRA R 58 MG LB Ky
FEHE ARSI E AR T PSR CGE 2 IR)RC
fil; RAREER . IPTG. BRMEIE [ b at i E B gAY
PR RTELA A Ni AE A 78 Merck 23 7; Hi-
Trap Desalting Column I/ | Amersham /3 f]; BCA &
T o I R S i 2 s AR R A R A
A HA R 8 R 7 A B el 2
1.3 7%
1.3.1 sI¥Rit 5 &8 Hiw i m R AT E
LBA4404 bgl FHRJFHVHIE o HOHRHE O 8 iR
RATH C58 2 FEH2H DNA J#51(GenBank accession
No. NC_003063), #itsMul514 FI/RT FAMG| )
F2/R2, RHERX PCR ¥ 1 bgl(3 1),

#1 RT=ME bgl M54
Table 1 Primers for the amplification of bgl with nested PCR

. . Restriction
Primers Sequences for primers (5'—3") ]
endonuclease site

F1 CGCATCCTGAAACGTTGTAGATT

GGAAAACTGATAATAAGGGG
AGAGA

CGGGATCCTATGACCGATCCCC
AAACGCTTG
CCCAAGCTTTCACCCCTTCACC

R2  ACACCATGG Hind 111

R1

F2 BamH 1

1.3.2 tREXRITE LBA4404 FE[E4H DNA BYIEEL:
H CTAB L4 BURJE AR FF 17 LBA4404 FE[HZH DNA,
1.3.3 bgl WITERE: DIHIRMIL 4] DNA Jit,
K HE K PCR 1475 2] H 1Y i Br . PCR W 4% 1440
T: 94°C 3 min; 94°C 30 s, 55°C 30 s, 72°C 2 min, 30
AMEER; 72°C 7 min, K IER RN B0 Beatifh

B Y] . [, EHERIRIAEA pET-28b I, @il
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CaCl, 54140 E. coli Topl10 JE&Z A4, 40t %
JE A3 B FHPE 4 ok pET-28b-bgl . pET-28b-bgl
HEAT RO, WP AR E ) DNA JP 81 BE R
TR A 5 SRR AR AT B €58 B-H A9 MR I 1 1 H
A beg, TR EME Rk 95.3%, % JEF] PCR it 2
A Al e A R 2, BOm B A 1.3.2 i 1.3.3,
B A ) 04 PR A ORI Y 4 R S R — AR,
AR T HEBR T B A5 8 0T R 28 A8 2R T Y AT e
£, # pET-28b-bgl ¥ A E. coli RP (DE3)f)& %
A0 M, 280 Ik S AR AT S A I AL TR Y T RE
RP-pET-28b-bgl .

1.3.4 Bgl BiFSRIE: NFEIE RP-pET-28b-bg! [
AR b Bk B S R AN S 2 mL & RHIEE R 10 mg/L
) LB B33, 78 37°C. 200 r/min ¥k & 55
8 ho % 1%AY AN K 2 mL B AN E] 200 mL
TRIEEK 10 mg/L /Y LB K3, 7E 37°C,
200 r/min #& % 35 9% & ODgoo 35 0.7 2247, A IPTG
i LYk B 0.45 mmol/L, FETE 25°C 4§ % 35 5%
10 h; 7000 r/min B5.[> 15 min AR,

1.3.5 Bgl BIghft: 2.0 UE MR IR L3 R 37°C
A3 30 min, A AEEE, 7000 r/min 2.0 20 min 15 3]
Y, B s Ni AR s S8 8 m AR Y Bel, 15
18 33 B R H: (HiTrap desalting column)f 25 55 Ak g,
HERIFES 20% H i PBS W, WA T
-80°C,

1.3.6 BEEAOMZE: VKR A 500 pL, EERRE—
FERFELLE S 2 mmol/L JIEY) pNP-B-Gle #E47 ,
SV Buffer & pH 6.4 )85 IR & —4M -F7 15 R 2% v
VW, OB 37°C, KW [E] 10 min; L 500 uL
1 mol/L Nay,COs Z4 1k KRy, 2 J5HL 100 pL i 14 5 il
PRAR L FE 405 nm AT SEA I Y 4 A4 A i
1 umol X fil§ 3 7 [} (p-nitrophenol) i 75 1Y il i 7€ X
H 1 ASEEE 7 HRAL(TU)

2 GRE54M

2.1 Bgl HiFSFEMA L
P14 20 mmol/L Tris-Cl, 200 mmol/L NacCl,

pH 7.5 ) &£ Buffer P Ni A, L1420 mmol/L
Tris-Cl1, 200 mmol/L NaCl, 100 mmol/L Bk, pH 7.5
(B UE Buffer ¥ 1 _L b 5 A9 Ni A, LA 20 mmol/L
Tris-Cl, 200 mmol/L NaCl, 150 mmol/L Bk & Fi
250 mmol/L WK, pH 7.5 B PEML Buffer Y H 1Y 5

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

FF . B SEERSE T, Bel #ahis S 25 ok,
100 mmol/L BRI (1) Uk Buffer iRl 5 TIAE4E 5+
PEZE G B 1 B8 A UE R Ok, [T, i Bgl

A VE Tk, & 250 mmol/L Ik mk ) 3% B
Buffer BB¥ S5+ THREFMHEL AT Bgl 2BUEM T
3, TME 150 mmol/L BKIE e Al Buffer B RERS: 54+
THESFPELS G 10 Bgl BB URIE T 2k, HEM AT AR Ay J
e o3 Bgl 7Edfr &t # v, H N i His-Tag 11 6
A~ His WA E2RBEARARAME, FEGOXLLE N
AT Ni**2Z [ 35 A A AIG, AT DA 5 S5 (P i ke
M 4 Buffer YERE T A (1)

kD M 1 2 5 6 7 8 9

4
ey
EE

S

S IR

El1 Bgl MiFSRIER Ni tE4K

Fig. 1 Induced expression and purification of Bgl

Note: M: 67 kD; 1: RP-pET-28b-bg/ (No induced); 2:
RP-pET-28b-bg! (IPTG induced); 3: Crude extracts; 4: Crude ex-
tracts pass through Ni column; 5: 100 mmol/L imidazole wash; 6:
150 mmol/L imidazole elution; 7,8: 250 mmol/L imidazole elution;
9: 100 mmol/L EDTA wash.

67

2.2 BEROEARMER
22,1 BEEEIERIE pH: MMBE—EM5E0U5 5 2 mmol/L
pNP-B-Gle AT N, N EE 37°C. i Buffer
Ry Wl TR A AN - R % P W, G R C A K
pH 2.2-8.0 MY 2% /PR, ‘ﬁ_'ﬁ?q:pH40 5.0.6.0. 62,
6.4, 6.6, 6.8, 7.0, 7.4, 8.0 PEI75CHy, SIS,
A, HEGE pH 6.4, 78 pH 5.0-8.0 Z [HI {1 EFK
e T TS R (BT 2A)
222 FBEgHY pH #2EM: H HCI. NaH,PO,.
Na,HPO,. Na;PO,. NaOH fit & pH 1-13 f%% i
W, SCNCET, KRR AA ] B pH 1-13 g n
VR BE 100 £ )5, 78 0°C 47 1 h, K5 -7 R
—EMEBIG S 2 mmol/L pNP-B-Gle LI o JZ i
Buffer 24 pH 6.4 MR S —8-Fr 18 MR 22 ths W, X
N 37°C, HSEIR A5 R A, HAE pH 5-10 Z[H]
AT ] PRAF T AN 5 2% 3% (8] 2B).
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223 EMREEE: BHE-EHBES
2 mmol/L pNP-B-Glc # 17 i, KW Buffer &
pH 6.4 TR A H-Fr IR s . 1+ 30°C.,
40°C, 50°C, 60°C. 70°C. 80°C 1F A J I I & 43 5]
PEATSEG . Mg as RnT s, Hi@E iR g A 60°C,
TE 40°C—60°C Z [H] PR4754 ey O % 12 (181 2€)

120 - A
100
80 r
60

40 f

Relative activity (%)

20

120 1 C

100

80 T

60

40 1

Relative activity (%)

20 30 40 50 60 70 80 90

Temperature (°C)

2.2.4 BREORIEETE: KOVET, B SNTE
30°C, 40°C, 50°C, 60°C. 70°C f#£4f 1 h, SKJ5Hi
B—EMEUG S 2 mmol/L pNP-B-Glc S, JZh
Buffer iy pH 6.4 [WBEIR = —4N-FriE s his i, X
N 37°C, HESEIR A5 A AT A, Tl IS PR 22,
ANBETE R T 40°C MR F AR AR I E] (K] 2D),

Relative activity (%)

Relative activity (%)

120 1

100 r

80 r

60 r

40 |

20 r

120 r

100

60

40

20

=20 *-

B

Temperature (°C)

2 pH. REX Bgl EiR M RIZEER TG
Fig. 2 Effect of pH and temperature on the activity and stability of Bgl
Note: A: Effect of pH on the activity of Bgl; B: Effect of pH on the stability of Bgl; C: Effect of temperature on the activity of Bgl; D: Effect

of temperature on the stability of Bgl.

225 BHEME—HERMTREDE Ko B
B—Ef5E8UE 5 R T I8, [N Buffer 7 pH 6.4
(B IR S AN -Fr B R 0% A T, TN TR 37°C,
PL pNP-B-Gle A JE ¥ IF, JiE ¥ & ¥k B2 43 ) A
0.125. 0.25. 0.5 Al 1 mmol/L, Ul pNP-p-Gal
pNP-a-Gle MY, IRYLWE SR 1. 2. 4,
8 mmol/L. Pl Lineweaver-Burk JEVERISR Ko HEE

%2 Bgl ¥FERYH K,
Table 2 K, of different substrates on purified Bgl

7] M 2R A K
Substrate Linkage of glycosyl group (mmol/L)
pNP-B-Glc B(1,4)Glc 0.09
pNP-B-Gal B(1,4)Gal 3.61
pNP-a-Glc a(1,4)Gle 14.31

WA R e, S EIEIKY) pNP-B-Gle ) K, M
0.09 mmol/L, F£MHLY B(1,4)Glc A 1R & H5EH J1;
R}, ZEE A fEfEAL B(1,4)Gal Fl a(1,4)Gle HY/KfiE,
B R & — AR GR 2).

226 BEWIESMINHNEERER--NEFMEE
PERY Ko SN, BEARE— A EUS 5 A R
AR R AE 37°C FEJH 5 min, -5 [H Y
pNP-B-Gle #EAT I3 . 213 Buffer 4 pH 6.4 {8
MR A T AN-Fr R O ph R, IOV EE 37°C. HiAG
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BEIR-S-NER LR RS E S 0. 0.1 F1 0.2 mmol/L, #ij
B BEBEE 50 . 100 A1 200 mmol/L .
pNP-B-Gle Z ¥ B 43 5l &y 0.125, 0.25. 0.5 Fi
1 mmol/L, FHSZIGZERAIH, A BHMR-5-NERM K
4 0.03 mmol/L, RE5RZN il A0 Pk ;) A9 4 1Y)
Kih 75 mmol/L, 3% W] B A7 11 w5 i ) 28 Wi id 52
(K 3, 4),

1200
1000 [

800 [

600 | /
400 t

200 5

-1 0 1 2 3 4 5 6 7 8 9
1/[S] (L/mmol)

1/v [(min-L)/mmol]

3 BEHEK-6-NESFAE T Lineweaver-Burk &

Fig. 3 Lineweaver-Burk plot of Bgl in the presence of
glucono-6-lactone

Note: ¢#—e: No inhibitor; O—: 0.1 mmol/L glucono-3-lactone;
A—A: 0.2 mmol/L glucono-d-lactone.

500 T
400 t
300

200

1/v [(min-L)/mmol]

100 r

-1 0 1 2 3 4 5 6 7 8 9
1/[S] (L/mmol)
4 HEEWEFAET Lineweaver-Burk
Fig. 4 Lineweaver-Burk plot of Bgl in the presence of
glucose

Note: ¢—o: 50 mmol/L glucose; O0—0: 100 mmol/L glucose;
A—A: 200 mmol/L glucose.

227 AEEBEBFHEFEOZM: GGk
BU5 5 2 mmol/L pNP-B-Gle #E47 I, 4 )@ B T4
Wl 1 mmol/L, SWIREE 37°C, W MBS E T
eS8 4@ A= vide, Bt B b
Buffer >k | pH 6.4 (AT IR — 48 -Fr 58 MR 9% tP i WK
HSZ IS5 ST AL, At Zn® TG A B A i R
M 3).

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

*3 AEEESET Bgl E&EHIS N

Table 3 Effects of different metal cation on the
activity of Bgl

ERET WA
Metal cation” Relative initial rate of hydrolysis (%)

Control 100.00
CaCl, 102.39
BaCl, 101.59

LiCl 99.80
CoCl, 98.41
MgCl, 97.08

KCl 95.23
AlCls 91.72
FeSO4 89.23
CuCl, 84.37
NiSO4 78.26
FeCl; 71.43
MnCl, 62.53
ZnS0, 28.66
AgNO; 4.41

Note: “: Activity of the purified Bgl was assayed in the presence of
various metal cation at a concentration of 1 mmol/L.

3 i

FR 988 A ¥T B (Agrobacterium tumefaciens)I) B-7j
EIWETTG Bgl ALK, w05 St oeditiE o
EH, AR 5 8 00 45 R4 RH AU R Ab 25 A B B R T
GUARABIE:, AHILK ik Bl 1 3 88 DSSETG . B-HI 2 W
HEWIAARIE 1. K 3 FgiE 3002, it )
SIHTRIZER TN, FRATR I Bl J8 T 1, BA X
KRR 1) LR O AY IF 91 L) K (Blos AL HR

L T8 1 2 W T 52 B8 - 2 0 Y Tl 3 R TR
TELTA, 9 JC A% 20 MR R B AH DG iRl o AR SO
ST Bgl >R 5 T I A% 240 M AR 98 AR AT 181 LBA4404, L)
pNP-B-Glc MKy, HA#MEN K =ik 75 mmol/L,
FLAG AR v B R AR 2 1 o O T AR SR A A i
RIHERET 28 B-H 2 T i, HA EE MRS
B

BT, #E47 Tl AL A B~ 2 5 17 il — ok
T Y, FEAWRMARSE % (1) Ead Rl
(Aspergillus niger) ELIZEF IR AL, (2) K HL N i fE
AR TR W A7 Rk gk, 5 Qeks 28, 21
FF W (Bacillus polymyxa)2 52 40 Mo ) -7 25 M i
HHEF E. coli BL21 (DE3) #7260, 4K
W (Trichoderma reesei)S5 EAZANMLI) -7 201
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i S [R] A4 g 30 TR 3P 8% ) (Saccharomyces  cerevisiae)
b AT A, fEX SR AR B AT G
SRR B A BT R R A RN, H AR R R
R, #0120 W AN R VR A - R i
LW, — AR B(1,4)Gle #AEHIT, H H AT
B HR T8 1 LA Tl Ak Ry T 55 1) T 1) 8 38 o de v
1R 14.9 TU/Mmg!' . AR Bel i@ id pET #ik
RYGAE E. coli RP (DE3)H i T E Al ik, A= 8
HFF 20 h 24, MiRibE R &L 36.7 1U/mg; [FR, %
il R E M1, 5 5GEKY) pNP-B-Gle 1) K,y
N 0.09 mmol/L, i H&—HEAK, kS5 B(1,4)Gal Hl
o(1,4)Gle &AEH; ZBEE pH 5-8 Z[H]F1 40°C i} H
A R G, W AR SRR K i 2 AR
P Tl AR SR, 38 AT T il ) 550 A R O

2 X #
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