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Abstract: [Background] B-glucosidase (EC 3.2.1.21) has important application values in food
and medicine industries. Bgl2A:V224D, a mutant of a marine microorganism-derived
B-glucosidase, is potent in the conversion of soybean isoflavones in the deep processing of
soybean yellow slurry water. However, the low stability and low ethanol tolerance limit the
application of Bgl2A:V224D. [Objective] To enhance the application potential of
Bgl2A:V224D, we adopted a computation-assisted rational design to improve the stability and
organic solvent tolerance of this enzyme in the application environment. [Methods] We
employed three complementary computational methods to design stable mutants of
Bgl2A:V224D by seeking overlapping mutations. Then, sequence coevolution and conservation
analyses were performed to determine candidate mutants. Finally, the target mutant enzymes
were selected by experimental assays. After the stable mutant enzymes were identified, their
stability was further enhanced by combinational mutation. Finally, the application performance
of the mutant enzymes for the conversion of soybean isoflavones in the deep processing of
soybean yellow slurry water was evaluated. [Results] Several single-point and multi-point
mutants with improved stability and maintained or increased enzyme activity were obtained,
among which S360K/E408Y had the highest stability, with the half-life at 35 °C and pH 6.5
about 6.7 times that of the starting enzyme. Moreover, S360K/E408Y was more tolerant to
ethanol than the starting enzyme. The former had the relative activity of about 35% after 20 min
of incubation with 20% ethanol at 35 °C, while the latter had the relative activity of only about
5% after 10 min of incubation under the same conditions. S360K/E408Y was then applied to
hydrolyze soybean isoflavones, and its efficiency was significantly increased compared with
that of the starting enzyme Bgl2A:V224D. Specifically, the amount of substrate that could be
hydrolyzed by the former enzyme was two times that of the latter enzyme under the same
conditions. The amount of S360K/E408Y required for converting soybean isoflavones in the
deep processing of soybean yellow slurry water was about 1/3 less than that of the starting
enzyme. [Conclusion] The stability-enhancing engineering strategy for improving the enzyme
tolerance to organic solvents is applicable to B-glucosidases, and the application potential of
B-glucosidases in various fields can be enhanced by this strategy.

Keywords: B-glucosidase; stability; organic solvent tolerance; rational design; soybean isoflavones
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(2) & pH: ¥ 0.80 mg P45 A pH
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(i) Y5 AR AR AT AT 5 A (1] 1) RS54
L% PROSS, ¥ B G MO S =5 (& 1)
KA, BN SRR 9 KPS
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Figure 1 Structure model of Bgl2A:V224D. Red
colour: The two conserved catalytic residues E170
and E352; Blue colour: The mutation sites.
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F 1 IHEIRIT Bgl2A: V224D REK
Table 1

Mutation on Bgl2A:V224D designed by computation

Wik S

Design method Mutation

PROSS+ABACUS? E235D, D238A, M259F, N362V, S232P
PROSS+FoldXP M259F, H274D, E3121, S360K, T243A, S289P
ABACUS+FoldX® I181L, VI89K, V189Q, G190D, K191L

Y1931, K196A, M259F, 1310G, L320V, N376Q, T386L, S399G, A407P, E408F, E408Y, Q424G

PROSS+ABACUS+FoldXY M259F

“: PROSS Fll ABACUS it iR AZER A4 5 - PROSS BEit Y%A H FoldX il AAG<—0.45 keal/mol YR 5 5 ©: ABACUS
BT 248 FoldX W AAG<~0.45 keal/mol fYLE 5 ¢: b 5 ¢ IsEHE

2. Overlapping members of the mutations designed by PROSS and ABACUS; P: PROSS designed mutations whose AAG,
predicted by FoldX, <—0.45 kcal/mol; ¢: ABACUS designed mutations whose AAG, predicted by FoldX, <—0.45 kcal/mol; ¢:

Overlapping members of b and c.

2 L PR HT R 2 e e 5 AR 3 26 A4~
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AR AN w3 AT A B ) 3R TH B ) A 1
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222 B§5E

L pNPG Ak JE 4 %o 58 A8 4 (1) il 136 144 70
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S289P. E408Y. E408F £l V189K M1 ML %5
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223 MPRERE. &i&EpH RIBEM

] pNPG 1ENIKY), 2878 AR TG 4 52 T
JERI IS Bgl2A:v224D ML, FAEIRE N
45 °C (Kl 4A). AR E) RIS pH W5 & f—
£, # S pH 6.5 (& 4B). A2 E M 7 1T, S360K
E408Y #il E408F FEILH b i & i o K 1) 2 52
W, Sk R G 4.3, 3.0 A1 3.0 F5( 40),

224 HAERTHIEEE. RIERE. && pH
REEEM

Jp it — AR T B AR E T, (A 4 ai R
FEREGA IS P, EBEAR O Ik AR T R B T A Y
S360K . E408Y . E408F 78 LU M & 5 T 4 5 [\
Ao 1T 4 T S289P RAFIE T4 A . A S360K
FREVERRT R 2, HEREHTE S360K HY ALl
AT o PTG SR AR R AR A ) R A
2o FL LU IS Qo T Y L R R R (R 3);
i I 5 T A ) B8 R (] SA); IR
pH 5 H R BEAH R (18] 5B) 5 £ Ptk i
PR, HP S360K/E408Y 2T71H %, 1E
35°C. pH 6.5 54 MR W R 6.7 1%
AAn, HRT A RS S AR IRER B = (K] 5C). R,
S360K/E408Y A1y it — 52800 HITE RE Mok

fifg IR 25 289 N S RS 2H A 878 1R S360K/S289P
eV AR AR, FrLARE— R =5
HAE RN,

22,5 HEBEMNRTAEENRN

hERRBEMHREARZH R LK
S360K/E408Y 7 Ji FH Hf X 7™ oy 41 i Aoy it 52 14
R T 4 25 W o LR A R R o AR T R
GEASALRER TR BE A A B TS MR BT (B 6), A
F T HSE BRI
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Figure 2 Conservation analysis of Bgl2A:V224D by WebLogo.
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Figure 3  SDS-PAGE for the expression and
purification of Bgl2A:V224D and its mutant

representive S360K. M: Protein marker; S:
Supernatant; P: Precipitation.
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Table 2 Specific activities of Bgl2A:V224D and
its mutants to substrate pNPG

Enzyme Specific activity (U/mg) P

Bgl2A:V224D 89+2.52 *

T243A 58+1.73 <0.000 1
S360K 87+3.32 0.998 3
S232P 96+3.64 0.114 5
E235D 81+1.83 0.0211
H274D 80+2.43 0.011 0
M259F 54+1.58 <0.000 1
S289P 100+3.96 0.002 5
E408Y 87+2.65 0.992 9
S399G 46+1.04 <0.000 1
A407P 48+2.21 <0.000 1
V189K 87+2.93 0.9959
E408F 85+2.55 0.640 6

*o P AR AR Y UG 5 A T B LU Y 22 S
PESERR, BT LA G e K

The P-value is a significant indicator of the difference
between the specific enzyme activity of the mutant and the
specific enzyme activity of the starting enzyme, so this data
is not available for the starting enzyme.
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Figure 4 The optimum temperature (A), optimum
pH (B) and stability (C) of Bgl2A:V224D and its
mutant enzymes.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BB F | p-EEPEEES Bgl2A: V224D R EMAIEM NEREN A 5223

#z 3 Bgl2A:V224D RAARTIRAIELESE
Table 3 Specific activities of Bgl2A:V224D and
its combinational mutants

Enzyme Specific activity (U/mg) P
Bgl2A:V224D 89+2.52 *
S360K/E408Y 94+3.47 0.5229
S360K/E408F 92+2.83 0.988 7
S360K/S289P 96+3.23 0.136 2

*r P RN AR Y HO RS 5 R T A O B 22 e
PEE bR, BT LA R T G B

The P-value is a significant indicator of the difference
between the specific enzyme activity of the mutant and the
specific enzyme activity of the starting enzyme, so this data
is not available for the starting enzyme.
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Figure 5 The optimum temperature (A), optimum

pH (B), and stability (C) of Bgl2A:V224D and its
combinational mutants.
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‘E 80+ Table 4 Kinetic constants of Bgl2A:V224D and
£ sl S360K/E408Y to pNPG
2 e Enzyme Km (mmol/L) Keat (s) Keat/Km
= (L/(mmol-s))
2 20f Bgl2A:V224D 0.96+0.08  42.85+1.38  44.63+2.43
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Figure 7 Effects of ethanol on the activities of ;h S0 \
Bgl2A:V224D and S360K/E408Y. ***: P<0.001;
**. P<0.01.
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Figure 8 Effects of incubation time in ethanol
environment on the activities of Bgl2A:V224D and
S360K/E408Y. ****: P<(.000 1.
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Figure 9  Effects of substrate amount on the
hydrolysis of soybean isoflavone glycosides by
Bgl2A:V224D (A) and S360K/E408Y (B). ns: No
significant difference; **: P<0.01; ****: P<0.000 1.
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Figure 10 The effect of pH on the hydrolysis of soybean isoflavone glycosides by Bgl2A:V224D (A) and
S360K/E408Y (B). *: P<0.05; **: P<0.01; ***: P<0.001.
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