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Figure 1. SDS-PAGE and native-PAGE analysis of
recombinant protein BGL3-GXT6. Lane 1: protein
marker; lane 2: E. coli XL1-blue with pSE380; lane 3:
recombinant E. coli XL1-blue with pSE-bgl3; lane 4:
purified protein BGL3-GXT6; lane 5-7: BGL3-GXT6
stained with 0.2% esculin-0.5% ferric ammonium
citrate (Native-PAGE of purified BGL3-GXT6).
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Figure 2. Effect of pH and temperature on recombinant enzyme activity. A: effect of pH on BGL3-GXT6 enzyme
activity; B: pH stability of BGL3-GXT6; C: effect of temperature on BGL3-GXT6 enzyme activity; D: thermal

stability of BGL3-GXT6.
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Figure 4. Glucose tolerance and glucose inhibition
constant Ki of BGL3-GXT6. A: effect of glucose on
BGL3-GXT6 enzyme activity. B: glucose inhibition
constant K; of BGL3-GXT6.
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& 1. BGL3-GXT6 R¥FFM N
Table 1. Analysis of the BGL3-GXT6 on substrates

7 2. BGL3-GXT6 X RAKMKIRLER
Table 2. Analysis of natural substrate hydrolysis of

specificity BGL3-GXT6
Substrates Relative activity/% Substrates Hydrolysisresults Hydrolyzate
pNPG 100.00+0.49 Daidzin + Daidzein
MU-Glc + Genigtin + Genistein
OoNPG/pNPGal/pNP-Xyl/ 0 Glycitin + Glycitein
PNPC/a-pNPG/PNPNAG Polydatin + Resveratrol
Cellobiose 0.08+0.01 " .
Icariin + Baohuoside |
cMC 0 EpimediumA  + ittatoside A
Soluble starch 0 qm !um Sagl os ©
Xylan from birchwood 0 EpimediumB  + Segittatoside B
Maltose 0 EpimediumC  + 2-O-Rhamnosylicariside |
|somaltose 0 RebaudiosdeA — -
Trehalose 0 Stevioside - -
Lactose 0 Rubusoside + Seviol + mid product
Gentiobiose 0.79+£0.11 —: The substrate can’t be hydrolyzed.
Salicin 2.80+£0.79
Amygdalin 3.80+0.13 A B
Laminaribiose 0.073+0.002
Sophorose 0.026+0.001 C
+: The substrate can be hydrolyzed, but can not calculate
production yield.
24 BGL3-GXT6 BGL3-GXT6 A
BGL3-GXT6 C-13
HPLC C-19
2
BGL3-GXT6
A B 7
C 3 B- 4 p-
Penicillium decumbens'®”
B- SPGase
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25 BGL3-GXT6

BGL3-GXT6
HPLC
3 4
3 BGL3-GXT6 pNPG
1,2- 1,3-
2,3-
pNPG

#* 3. BGL3-GXT6 #HEHINGEMR
Table 3. Analysis of transglycosylation products of
BGL3-GXT6

Donor
Cellobiose
D-Mannose - - -
D-Fructose - - -
D-Xylose - - -
D+Galactose - - -
D-+Arabinose - - -
Maltose - - -
Isomaltose - - -
a-Lactose - - -
a,a-Trehalose - — -
Sucrose - -
Methanol - - +
Ethanol - - -
N-propanol - -
| sopropanol - -
Butanol - - -
Glycol - -
1,2-propanediol - -
1,3-propanediol - -
2,3-butanediol - -
Glycerol - -
(+)-Catechin
Hexanol
Octanol
Nonanol
Decanol - - +
+: Transglycosylation product generated, the amount is
proportional to the output; — No transglycosylation product was
generated.

Receptor

+ 1

+ + + + +

- ++
++

+ + 4+ |
|

- ++

* 4. BGL3-GXT6 i EHINGEMR
Table 4. Analysis of transglycosylation products of
BGL3-GXT6

Receptor

Donor pNPG

Hexy!-B-D-glucopyranoside
Heptyl-B-D-glucopyranoside
n-Octyl-p-D-Glucopyranoside
Nonyl-p-D-glucopyranoside
Decyl-B-D-glucopyranoside
Caffeic acid -
Benzoic acid -
L-Ascorbic acid -

+ o+ o+ o+ o+

+: Transglycosylation product generated; — No transglycosylation
product was generated.

pNPG
pNPG
BGL3-GXT6
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4 pNPG
-B-D-
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Trp
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(GH3) Trp
Trp 19
BGL3-GXT6
NCBI BlastX GH3 B-
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BGL3-GXT6
BGL3-GXT6 81 233 W pH
32 GH3 5
2 (A)
PCR DNA
DNA bgl3
W81 W233
1.4
W81 W233 - 5 tHE-ITIEER AR TR ik 2 A9 PR M R T
ws1 Figure 5. Positive mutants screened on the selective
plate. A: Positive mutants of W81 screened on the
7 w233 18 selective plate; B: Positive mutants of W233 screened
( 5 25 15 on the selective plate.
# 5 RTHHIEEMRMAR
Table 5. Enzyme properties determination of mutants
. . . Ko Vinad Ki/ Keal
Mutants Optimal temperature/°C Optimal pH (mmol/L) [umol/(min-mg)] (mmol/L) w9
BGL3-GXT6 40 6.0 0.47+0.02 128.00+1.74 1.88+0.13 182.57+2.48
wsic 45 55 0.41+0.02 25.71+0.15 2.25+0.14 36.67+0.21
W81F 50 55 0.36+0.02 137.6+2.38 2.94+0.30 196.26+3.39
wall 45 55 0.44+0.02 3.88+0.06 1.73+0.09 5.53+0.08
Wws81L 45 55 0.42+0.03 13.01+0.24 2.04+0.14 18.55+0.34
W81M 40 6.0 0.35+0.02 73.62+1.32 1.48+0.09 105.01+1.88
wa1iv 45 55 0.48+0.03 3.39+£0.06 2.43+0.18 4.83+0.08
w81y 40 6.0 0.39:+0.02 147.3+2.32 1.95+0.11 210.09+3.30
W233A 35 6.5 1.60+0.08 3.52+0.05 60.66+2.98 5.02+0.07
W233C 45 55 0.93+0.05 2.52+0.04 120.2+8.82 3.59+0.05
W233D 40 5.5 4.4+0.16 2.13+0.04 396.4+11.99  3.03+0.05
W233E 35 6.0 1.12+0.04 1.41+0.01 197.7+6.17 2.01+0.01
W233F 45 6.0 0.66+0.004  32.58+0.54 12.05+0.70 46.46+0.77
W233G 35 6.0 2.380.14 0.32+0.01 8.88+0.58 0.45+0.01
W233H 45 6.5 1.43+0.06 6.69+0.10 17.03+0.78 9.54+0.14
W233l 45 6.0 0.86+0.07 0.25+0.01 312.6+34.00 0.35+0.01
W233K 45 6.0 2.01+0.09 0.48+0.01 146.1+6.67 0.68+0.01
W233L 50 6.0 0.68+0.05 1.58+0.03 215.3+14.94  2.25+0.04
W233M 50 6.0 1.09+0.08 3.34+£0.07 65.68+6.03 4.76x0.09
W233N 45 6.0 2.71+0.13 1.31+0.02 08.38+4.64 1.86+0.02
W233Q 45 6.0 2.99+0.09 2.21+0.03 84.96+3.01 2.88+0.04
W233R 45 6.0 1.27+0.05 0.65+0.01 43.07£2.33 0.92+0.01
W233S 40 6.0 2.10+0.13 3.23+0.07 62.67+4.37 4.60+0.09
W233T 45 6.0 0.71+0.04 0.44+0.01 226.2+18.42  0.62+0.01
W233Vv 45 6.0 0.78+0.05 0.32+0.01 385.4+43.29 0.45+0.01
W233Y 45 6.0 0.55+0.03 21.12+0.39 23.00+1.62 30.12+0.55
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pH
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Figure6. 3D structure of BGL3-GXT6.
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6. RTEHEEEEEMR
Table 6. Analysis of transglycosylation products of mutant enzymes
Donor pNPG
Receptor
w81cC W81F W81M W81L w8ll

Hexyl-B-D-glucopyranoside - - + - -
Heptyl-B-D-glucopyranoside - - - - -
n-Octyl-p-D-Glucopyranoside - + + - -
Nony!-B-D-glucopyranoside - + + - -
Decyl-B-D-glucopyranoside - - - - -
Hexanol - + + + +
Octanol + + + + +
Nonanol - + + + +
Decanol - - + +

Caffeic acid - - - - -
Benzoic acid - - - - -
L-Ascorbic acid - - - - -
(+)-Catechin - - - - -

+: Transglycosylation product generated; — No transglycosylation product was generated.

BGL3-GXT6
(Trp-81  Trp-233)
25
w8l W233
w8l
BGL3-GXT6
W233

W233C W233D W233E

W233I W233K W233L W233T W233V K
BGL3-GXT6
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W233G K 4
233
ws1l
BGL3-GXT6
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Characterization of g-glucosidase from Streptomyces sp. GXT6
and its molecular modification of glucose tolerance

Fangfang Zheng, Jinpei Wang, Yu Lin, Zilong Wang, Yutuo Wei, Ribo Huang,
Ligin DU

State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, College of Life Science and
Technology, Guangxi University, Nanning 530005, Guangxi Zhuang Autonomous Region, China

Abstract: [Objective] A gene encoding family 3 B-glucosidase from Sreptomyces sp. GXT6 was cloned and
expressed. The enzymatic properties of recombinant protein were studied in detail. And the related amino acid
residues were modified to improve glucose-tolerance. [M ethods] Based on the analysis of the genome sequence of
Sreptomyces sp. GXT6, one of the genes annotated as glycosyl hydrolase family 3 was cloned into expression
vector pSE380. The recombinant plasmid pSE-bgl3 was constructed and transformed into Escherichia coli
XL1-blue for induction of expression. The recombinant protein was purified with Ni-NTA. The features of the
recombinant protein BGL3-GXT6 were characterized. The recombinant enzyme was modified through site-directed
saturation mutation. [Results] A new gene encoding B-glucosidase of glycosyl hydrolase family 3 was cloned from
Sreptomyces sp. GXT6. The properties of BGL3-GXT6 were identified. Its optimal pH and temperature were 6.0
and 40 °C, respectively. Its Ky, and Ve Values were (0.4712+0.0180) mmol/L and (128.000+1.741) umol/(min-mg),
and K; value was (1.8880+0.1307) mmol/L. BGL3-GXT6 was able to hydrolyze daidzin, genistin, polydatin and
icariin. Furthermore, the possible amino acids related to glucose tolerance of BGL3-GXT6 (81-Trp and 233-Trp)
were substituted. Then, twenty-five mutants with activity were obtained and further characterized. As a result, it
was found K, and K; values of mutants of W233 were significantly changed compared with the wild-type
BGL3-GXT6. And the glucose tolerance of these mutants was improved to some extent, with the highest increase of
209 times. [Conclusion] The B-glucosidase BGL3-GXT6 in this study has the ability to hydrolyze rubusoside,
daidzin, genistin, polydatin and icariin. These characteristics indicate that BGL3-GXT6 has important applications
in theoretical research and in industry.
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