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High-Level Expression of Cold—Adapted a—acetolactate
Decarboxylase in Bacillus subtilis

LI Jing—jing, XU Mei—juan, ZHANG Xian, RAO Zhi-ming’
(Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China)

Abstract: a—Acetolactate decarboxylase (ALDC) gene alsD was cloned from Bacillus subtilis 1.5—
20 and constructed into pMAS. The recombinant plasmid pMAS—-alsD—His was transformed into B.
subtilis WB600. SDS-PAGE indicated that alsD gene was successfully expressed in recombinant B.
subtilis and the molecular mass of ALDC was 32x10°. Recombinant protein was purified by Ni-NTA
affinity chromatography. The specific activity and total yield of the purified enzyme were 272.3 U/
mg and 89.8% ,respectively. The optimum temperature of purified ALDC was 25 °C. And the
enzyme showed high activity between 20 °C and 35 °C. The enzyme activity was activated by Ni**
and totally inhibited by Fe**. When cultured in shake—flask,the ALDC activity of the recombinant
strain was approximately 70 —fold higher than that of original strain. The result of scaled —up
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experiment showed that the enzyme activity was 75.9 U/mL in 5 L fermentor.

Keywords: Bacillus subtilis ,o —acetolactate decarboxylase (ALDC),cold —adapted,diacetyl,Ni

column affinity chromatography , characterization

(Diacetyl ,DA)

DA
, DA
0.02~0.10 mg/L,
L (a-
acetolactate decarboxylase,a—ALDC,EC.4.1.1.5)
DA a-—
DA B

ALDC 1952

o Godtfredsen ™

ALDC
ALDC ALDC
ALDC ALDC
ALDC ,ALDC
[5-8]
o [9]
BD-5 ALDC
9’ (e} [8]
168 ALDC
0.11 U/mL., mr ALDC
ALDC 15.6 U/mL,
,ALDC ALDC
ALDC 30~40 °C,
ALDC Maturex
35~40 °C,
10 C , LJALDC
159%~20% ,
ALDC

ALDC Bacillus subtilis 1.5-20,
DA , ALDC
Bacillus subtilis 1.5-20
ALDC ALDC
Ni-NTA
5L ,
ALDC,

ACEMRRONATOMMIIE
1.1

B. subuilis 1.5-20

, Escherichia coli JM109  B. subtilis
WB600 pMD18-
T Takara pMAS
1.2

UPTG, TaKaRa
N N \a-

2-(N- ) Brij35,

Sangon (American
Promega Corporation) ,

Fermentas $2— -2-
(ethyl-2-acetoxy—2— methylacetocetate ) , Sigma
Aldrich ; PCR

LB : 0.5 g/dL, 1 g/dL,

NaCl 1 g/dL,pH 7.0,

: 1 g/dL,
4 o/dL, 1.5 g/dL, 0.3 g/dL,K,HPO,-
3H,0 0.17 g/dL,KH,PO, 0.23 g/dL.,,MgSO, -7H,0
0.075 g/dL,,NaCl 5 ¢/dL,pH 6.8~7.0,
1.3

MES I(pH 6.0):0.05 mol/L 2—
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(N- ) .0.05 g/dL. Brij35.0.6 mol/L
NaCl, 1 mol/LL NaOH  pH,
MES (pH 6.0):0.05 mol/L 2-

(N- ) , 1 mol/LNaOH pH 6.0,
: 5% o— (
). 10% NaOH | 0.5% N
(1:1:1:6.8) 5 s
, a- o
100 pL 2- -2-
, 6 mL 0.5 mol/L NaOH, 20 min
, 0.5 mol/L HCl pH 6.0, MES
50 mL, s R
14 ALDC alsD
NCBI
ALDC , Forward/
Reverse ( 1), 6  His
( )s 5
( )o
B. subtilis 1.5-20 DNA ,
Forward/Reverse PCR
alsD -His , PCR :94 C
1 min, 94 C 1 min;56 C 1 min,72 C
1 min 30 s,30 ;72 C 10 min,
pMDI18-T ,
E. coli ]IM109, )
T-alsD-His, DNA Sangon
5 T-alsD-His,
BamH 1T Mlu 1
pMAS | pMAS5—-alsD-His,,

1
Table 1 Primers used in this study

5'-ACCG GGATCC ATGAAACGAG
AAAGCAAC-3’ an

5’- ACCG ACGCGT TTA
Reverse GTGGTGGTGGTGGTGGTG TTCAGGG — Miu 1
CTTCCTTC -3°

Forward

1.5 ALDC
pMAS—-alsD-His

Spizizen

B. subtilis WB600

) o pMAS-
alsD—His/B. subtilis WB600 50 pg/mL
LB 37 C s
1% 50 mL. LB 37
C 16 h, 10 000 r/min 4 °C
15 min, ALDC
, , 0 .85% NaCl 2
, MES I(pH 6.0) o
(300 W, 2s 5,
10 min), 15 000 t/min 4 °C
ALDC o

30 min,

1.6 Ni-NTA
, pH 7.4  PBS
3, McAc-0 (20 mM Tris—
HCI1,500 mmol/L NaCl, 10% ),
, 0.45 pm s
Ni-NTA ,
, 6 His Ni-NTA

) Ni—-NTA
, (20~300 mmol/L)

’ ’

. Bradford ,
BSA o
1.7 ALDC
Garmyn', t

ALDC a— s

, ALDC . (U)
30 °C,pH 6.0
1 pmol o
MES I
5.10,15.20.25 pg),
4.6 mL,30 C 30 min
520 nm , 400 pL MES I

,1 min a-—

400 plL(

4.6 mL

o
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:200 pL 200 L ,
30 C 10 min 4.6 mL 30 C
30 min ,520 nm
1.8
1.8.1 & pH Z pH &2 & MES
pH (3.0~11.0)
MES 1 , pH
380 pL 20 pL , pH
ALDC , pH
pH (5.0~10.0)
MES T, pH
pH ,
:20 pL ,180 L. MES
1,200 pLL
pH o
1.8.2 RiEBE RSB EAAL K 10~45 C 8
10.15.20.25.30.35.40.45 C,
ALDC
-20.0.25.35.45.55,

65.75 C , 2h

183 TR & & BT AR EDTA 2t B & 49 % R
I mmol/.  Ca*",
Sn** Ni** Zn** Li* Mn* K* Na* Mg* Cu® Fe’*

EDTA,
ALDC
1.84 K, ME& V., 85T a-
2 min, Lineweaver —Burk
ALDC K, Vi
1.9
pMAS —alsD —His/B. subtilis WB600
LB , 1%
50 mL 37 C 36 h,
ALDC o 5L
25 L, 4% , 350 r/min,
1 L/(L+min),37 °C 48 h,
ALDC

2.1 ALDC
B. subtilis 1.5-20 DNA,
PCR 786 bp (
18 bp  His ) C D
T—-alsD-His BamH 1 Mlu 1
pMAS
E. coli JM109 o
pMAS-alsD-His  BamH 1  Mlu 1
( 2), 7000 bp 780 bp
pMAS  alsD-His
alsD —His
pMAS
bp bp
2 000
1000 —
750 — 786
M:DL2000 marker;1-2:PCR products
1 alsD PCR
Fig. 1 PCR amplification of alsD gene
bp M 1 2 M2 bp
23 130 —]

9426 —
6557 —

2 000

1000
750

M1: N =Hind [l marker;

1: pMA5-alsD-His/BamH [;

2: pMA5-alsD-His/BamH T+Mlu I;
M2: DL2000 marker.

2 PMAS5-alsD-His
Fig. 2 Identification of the recombinant plasmid pMAS—

alsD-His by enzyme digestion
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2.2 alsD B. subtilis WB600 ALDC , 2,
ALDC
pMAS-alsD-His B. subtilis . 2 L— Mae
WB600
, pMAS —alsD -His/B. subtilis

WB600, LB 16 h,

, MES 1 ,

, SDS-PAGE

, (M,) 32x10°,
, ALDC B. subuilis

WB600 © 1: pMAS /B. subtilis WB600;
91.0 mg 2: pMAS-alsD-His/B. subtilis WB600;
’ ’ M: standard protein molecular weight marker;
3395.0U, 37.3 U/mg, Ni—-NTA 3: purified ALDC from pMAS5-alsD-His/B. subtilis WB600.

’ 3 ALDC SDS-PAGE
11.2 mg, 3050.0 U, 272.3 U/
mg, 73 Fig. 3 SDS -PAGE analysis of expressed and purified

89.8% ., SDS-PAGE ( 3 recombinant ALDC
2 ALDC

Table 2 Purification of recombinant ALDC

T —— —a

Crude enzyme 91.0+2.5 3395.0+5 37.3
By Ni-NAT 11.2+0.3 3050.0+3.8 272.3 7.3 89.8
2.3 ALDC
23.1 xi&E pHAL A pH A pH 3.0~11.0
, pH ALDC
, 4, 4(a) ,ALDC  pH 5.0~ 8
7.0 , pH 6.0, £
i
pH 7.0 ,pH 8.0  pH 9.0 E
34%, pH 3.0~
4.0 pHI11.0 o
t/h
100+ (b) PH%;U?'I&E
——pH50 —=—pH60 ——pH7.0
—+—pH80 —» pH9.0 ——pH 10.0
80
g
P 60f 4 a- pH pH
§ a0l Fig. 4 Optimal pH and pH stability of ALDC
- ALDC pH 5.0~10.0 ,
20F
° 4(b) ,ALDC  pH 6.0~
TS 6 7 8 9 10 9.0 . pH6.0 pHTO
pH 10h 90% ; pH80 pH
(a) f2ifipH
9.0 10h 70% o
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pH5.0 pH 10.0 R 2.5h
S 10 h °
ALDC R
232 REBEAKAE M 10~45 °C ,
ALDC , 5(a) s
,ALDC R 25 C
s , 20~35<C
,ALDC ,
25 C.
ALDC -20.0,25.35 .45 .55.65,
75 C , o
5(b) , 25<C , ,
10 h 95% o 35 C
45 C 10 h 60%
70% . 55 C 10 h
20% 65 C , 4 h
100 b
90
80 |
£ 7o)
60
E 50t
401
3010 1.5 2.0 2.5 3.0 3.5 4.0 4.5
REE/C
()5 SNk FEE
'
0 2 4 6 8 10
th
(b)FfaE
——-20C—=—0C 25°C —+— 35C
—+—45C ——55C —+— 65C —~— 75%C
5 a-
Fig. 5 Optimal temperature and thermal stability of

ALDC
233 455 F LA EDTA *F B 6h %

=

&

(1 mmol/L)
EDTA, ALDC ,
3 . Ni* ALDC ,Ca* Cu™,
Mn* . Sn** . Zn** Na* K* Li* [EDTA
, Ca2t Cu .

Mn?* Sn** Zn** ,Na* K* Li* [EDTA

s Fe**  ALDC , Mg
ALDC o

3 EDTA ALDC

Table 3 Effect of ions and EDTA on ALDC

EDTA /(1 mmol/L)

None 100
Ca* 90.6+2.9
Sn* 71.9+1.2
Ni% 114.0+2.7
Zn* 65.6+0.2

Li* 59.4+1.5
Mn?* 82.8+2.4
K* 41.0£3.5
Na* 68.9+2.1

Mg* 100+2.3
Cu* 83.6x1.6
Fe* 0

EDTA 57.4+3.0

234 K, MEE V,, 8950

s s Lineweaver—
Burk , ALDC K, Vo o
6 ,ALDC K, 29.04 pmol/L,V .

2.82 mmol/(L+min),

E
£ 08F
E
E 06f
=
= 04k 1=0.010 3x +0.354 7
- R>=0.998
02F

P RN o
-40-30-20-10 0 10 20 30 40 50 60 70
[ST'/(L/mmol)

6 ALDC Lineweaver—Burk
Fig. 6 Lineweaver—Burk plot of recombinant ALDC
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24 ALDC
pMAS —alsD -His/B. subtilis WB600
LB 37 C 16 h,
ALDC 4.9 U/mlL, ALDC
22.1 U/mlL, 27.0 U/mlL,
B. subiilis 1.5-20 ALDC 70
2.5 PMAS —alsD -His/B.
subtilis WB600
LB
1% 50 mL
37 C 36 h,ALDC
ALDC 22.6 U/ml,
65.8 U/mL,
5L

43.2 U/mL,

7o
,36 h
;ALDC
36 h , 759 UL,

ALDC 46.6 UmL 293 U/mL,

120

IS
(=}
=
S

115

5
ALDC T 75/(U/mL)

~10 £

% —— AR/ (/1)
iz g

[m)
= =]

20+ —=— ALDC B /(U/mL)

—.—
0D600 nm

9
S

15

—
(%)

(=}

L L L -0
24 30 36 42 48

t/h

0 6 1218

7 PMAS —alsD —His/B. subtilis
WB600 5 L
Fig. 7 Fermentation results of pMAS—alsD—-His/B. subtilis
WB600 in 5 L bioreactor

B. subtilis 1.5-20

alsD , pMAS

B. subtilis WB600, pMAS—-alsD-His/B.
subtilis WB600, Ni

ALDC, 272.3 U/mg,

89.8%, 7.3,

B. subtilis ALDC

ALDC 40 C
- Rasmussen " ALDC
40 °C, Ohshiro ™
ALDC, 40 °C,60 C
(4 , ALDC
35~45 C, (3]
ALDC 40 C, (40 C )
o ALDC
25 C, 20~35 C
, 15 C
70% ,10 C

40%

B. subtilis 1L.5-20  alsD

,ALDC 10.3 U/mL,
ALDC
- ALDC
B. subtilis L5-20 ALDC
alsD B. subtilis WB600
, LB ALDC
27.0 U/mL, 70
,ALDC 65.8 U/mL, 5L
,ALDC 75.9 U/mL(
ALDC 46.6 U/mL
29.3 U/mL),
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