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Abstract: We used in vitro molecular evolution technology by error-prone PCR and high-throughput screening to improve
thermostability of Bacillus flexus CCTCC 2015368 p-amylase. Mutant D476N with significant thermostability increase was
selected by LB agar starch plate colorimetric assay and 96-well plate enzyme activity assay. The optimum pH was 6.5 for the
mutant D476N, compared to 7.0 of the wild type. The optimal temperature was 55 ‘C for both mutant D476N and the wild
type. The Ts, value of the mutant D476N was 4 “C higher than that of the wild type. The half-life of mutant D476N at 55 ‘C
was 35 min, 95% higher than that of the wild type. The K, of the mutant D476N was 97.98 umol/L, 1.14 times of that of the
wild type (85.86 umol/L). The thermostability of the mutant D476N was slightly lower than that of the wild type. The
three-dimensional structure of wild type and mutant D476N was simulated by SWISS-MODEL and analyzed by PyMol
software. The mutated amino acid residue Asn476 was located on the loop of protein surface. The molecular free energy(AG)
of D476N was calculated by MOE software was 106.0 kcal/mol, reduced by 10.3% compared to the wild enzyme. These
results were consistent with the theory that the protein molecular free energy and thermostability were negatively correlated.

Keywords: molecular evolution, error-prone PCR, -amylase, thermostability
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1 #RETE
1.1
111
Escherichia coli IM109 E. coli BL21(DE3)
PET-24a(+) pMD18-T
B-
Bacillus flexus CCTCC 2015368 (bfa)
(CCTCC)
1.1.2
LB 5.0 g/L
10.0g/L NaCl10.0g/L LB LB
1.0%-2.0% (W/V)
B 24.0 g/L 5.0 g/L

12.0 g/L  K;HPO,-3H,0 16.43 g/L

KH,PO,4 2.31 g/L

SOB 20.0 g/L 50 g/L
MgCl, 0.952 g/L NaCl 0.5g/L KCI0.186 g/L

LB LB

1lg/L

1.1.3

rTaq T4 DNA
Primer Star'™ HS DNA DL-2000
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DL-10000 DNA Marker TaKaRa
DNA PCR

(SDS-PAGE)

C )

(Kan) -B-D- (IPTG)

Oxoid

12 AH#*
121 PCR

Bacillus flexus CCTCC 2015368 (bfa)

B-

(5'-AACCATGGCGGTAAATGGACA
GTCGTT-3") (5'-AACTCGAGTTACCA
ATTATT CGTATACGTTG-3") Nco I

Xho I ( )
(50 pL) 2 mmol/L MgCl, 0.1 mmol/L
0.2 mmol/L dNTPs DNA 50 ng
5 pL 10x Mg®(-)  rTag DNA 5U
ddH,0 50 yL  PCR
94°C4min 98°C 10s 53°C 10s 72°C 1min40s
30 72 °C 10 min 4°C
PCR 1% (W/V)
PCR
bfa pMD-18T
JM109 Ncol Xhol
bfa-pMD-18T bfa
pET24a(+)

MnClz

pET-bfa BL21 (DE3)

LB (Kan 30 pg/mL)

1.2.2

(Molecular Devices
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Qpix 2) LB (Kan) (pH 6.5)
BFA 600 pL 20 mmol/L -
LB (Kan 30 pg/mL) 96 Superdex™ 200 10/300 GL 0.5 mL/min
37 °C 900 r/min
8-10 h 50 uL
600 pL B 96 2h (SDS-PAGE  12% )
0.05 mmol/L  IPTG [
[4] 25 C 48 h 1.2.4
4 000 r/min 4 °C 20 min B-
200 96 96 0.5mL 2%
LB (WIV) 0.4 mL 50 mmol/L -
BFA (pH 7.0)
gridding BFA 1 mL 55 C
37 C 10 min 1 mL 1 mL
0.03% (W/V) 3,5- (DNS)
B- 5 min
12 mL
BFA 540 nm
96 96- DNS
BFA 1 pmol/L
1 (9)]
1.2.3 B- 1.25 B-
55 ‘C pH 7.0
pET-bfa 37°C (1-30 mg/mL) DNS
200 r/min LB (Kan
30 pg/mL) 8-10 h 2.5 mL GraphPad Prism 6.0
50 mL TB 37 C Michaelis-Menten Km  Keat
200 r/min 2h Keat/Km
0.05 mmol/L IPTG 25 C 1.2.6 B-
200 r/min 48 h(t] 8 000 r/min
4°C 20 min
45% (WIV) (30-70 C) B-
4 C 100% B-
4 °C 8000 r/min
20 min 20 mmol/L - 55 C B-
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E. coli BL21(DE3) 48 h
B_
(NH4)2S04

- (20 mmol/L pH 6.5)
Superdex™ 200 10/300 GL
(1 1) Bradford
[16] 2 D476N

2512 U/mg 18.76%

2.3 BFFARFNZRT{R DAT6N BIBEF £ R 4 4
2.3.1 B-

55 C
(1-30 mg/mL)
( 2
97.98 pumol/L 1.14
Keat 2273125
Keat/Kim

D476N
D476N  Kp,
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18.97%
71.01%
2.3.2
DA476N B-
2 3
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60 C 65 C
D476N 5% 44%
37% 23%

X cjb@im.ac.cn

259




260 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech

x1 EAFERMRTR - EMEERELETRESH

Table 1 Parameters of purification step of the recombinant wild type and mutant g-amylase

Purification steps Total protein (mg) Total activity (U) Specific activity (U/mg) Purified fold Recovery rate (%)
Wild type
Crude enzyme 367 103 925 283 1.00 100.00
Salt precipitation 208 78 624 378 1.34 76.00
Superdex™ 200 10/300 GL 1.69 5225 3092 10.93 5.03
D476N
Crude enzyme 280 61 314 219 1.00 100.00
Salt precipitation 137 53 235 389 1.78 87.00
Superdex™ 200 10/300 GL 1.26 3165 2512 11.47 5.16
kDa M 1 2
100
97.4 — == g 80 -
66.2 — - =
W < 58 kD =
143 — aumn % “ g oo
(]
2 40}
29.0 — pu— =
B 5ok —=— Wild type
—— D476N
O 1 1 1 1 1
30 40 50 60 70
20.1 = Temperature (C)
14.4 —

B2 EFERFREIR DAT6N MRERE
Fig. 2 The optimum temperature of wild type and
mutant D476N.

B 1 SDS-PAGE ##ith it BRI ERMERTIK
D476N B-iE#EE(M: RO FEMREEH; 1. FER,

2: ISk D4T6N) 100 o Wildtype
—h—
Fig. 1 SDS-PAGE analysis of purified wild type and e g0l D476N
mutant D476N B-amylases. M: marker; 1: wild type; ;Z
2: mutant D476N. I% 60 -
[
5]
% 40 F
%2 FTHEMAMKRIREMIRSRER DAT6N Bz HF =
2 201
Table 2 Kinetic parameters of wild type and mutant . . ‘ . ‘ . .
D476N enzymes 0 10 20 30 40 350 60 70 80
Enzyme Keat (57 Kin (UMOI/L)  Keg/Kin (L/(Mol-S)) 1 (min)

Wild type 2805.20+81.26 85.86+13.13 32.67+6.19

D476N 2273.12+69.52 97.98+15.15 23.20+4.59 B3 B4 BIFIZSIIR DAT6N BUREE 1

Enzyme reactions were measured at 55 C, pH 7.0, using Fig. 3 The temperature stability of wild type and
different concentrations of soluble starch as the substrate. mutant D476N.
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10 min 50%
Tso
D476N Tso 62 C
Tsg 58 C 4°C 55 °C
D476N [17-18]
( 3 3 D476N 55 C
35 min 18 min
2.3.3 pH
D476N B- pH
4
4 pH 7.0
D476N pH 6.5 pH 5.5-8.0
B- 70%
B_
DA476N pH
0.5
[19]
3 Wik
PCR
BFA
100 -

80 |

40

Relative activity (%)
(=)
[an]
T

—=— Wild type
—a— D476N

4 5 6 7 8 9

20

4 BFHEEIFNRIT{K DAT6N HI&IE pH
Fig. 4 The optimum pH of wild type and mutant D476N.
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D476N E. coli BL21(DE3)/pET-D476N

E. coli BL21(DE3J)
[20] B-

D476N

D476N
D476N
[21-22]
D476N
D476N SWISSMODEL
(1j10.1A PDB)
D476N
loop

(23 - PCR

5 loop
D476N

PyMol

Asn476

loop ( 5)

MOE

5 RIBTEMRSHIRTI DAT6N p-EH B =4
MR TREREN

Fig. 5 Three-dimensional structure of the mutant D476N
B-amylase with increased thermostability and the location of
mutated acid Asn476. The figure was made using PyMol.
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