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Construction and Fermentation Optimization of a Recombinant
Bacillus subtilis Producing Alkaline Amylase

WANG Jingli', LIU Song', DU Guocheng'?, CHEN Jian'*?
(1. Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China;
2. State Key Laboratory of Food Science and Technology, Jiangnan University , Wuxi 214122, China )

Abstract. Alkaline amylase,which could efficiently hydrolyze starch under alkaline conditions, has
been widely used in textile desizing field ,detergent industry ,and pharmaceutical production. In this
study, alkaline amylase from A lkalimonas amylolytica (AmyK) was screened through signal peptide
and expressed in Bacillus subiilts WB600. The fermentation condition of the recombinant strain was
then optimized. The extracellular AmyK activity of the recombinant B. subiilis could reach a
maximal level of 146.86 U/mL with 51 h fermentation mediated by ywbN signal peptide. There was
a protein band observed in the culture supernatant which was consistent for the theoretical molecular
weight of 60 kDa for AmyK. The fermentation medium was optimize via a single factor test and
determined as dextrin of 32 g/L, tryptone of 12 g/L,yeast extract of 24 g/L,KH,PO, of 2.32 g/L,and
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K,HPO, -3H,0 of 16.43 g/L. with pH regulated by 0.2% w/v Na,CO; after 24 h fermentation. The
AmyK activity reached to 640.33 U/mL after 72 h,increasing by 336% when compared with the

initial medium,which was the highest yield of alkaline amylase for the reported recombinant 5.

subtilis strains. This study provided a experimental support for the commercial production of AmyK

from fermentation.

Keywords: alkaline amylase,signal peptide,recombinant Bacillus subiilis ,fermentation optimization,

sodium carbonate

o-UE M I (EC3.2.1.1) AL ¥ ¥y W I 55 43+ i
o-1,4-WETFBEK i | A2 BORIRS 22 28 SE MR 22 25 Bl AN
IS P02 TERUME AR T BE A SE L B ik
HEAL S o=V it B Ay P i by il , — 7™ A
BRI, A2 pH ML 9.0~11.0°1, B e i il
JHZ T Y LRI PRSI ES N YE R N T BE 24
Az e A 4 g8

T o A T v A 7 P T R T 2 R N
HMIERE R SR RT . H AR Horikoshi™ B R
T [ VIR AT A-40-2 BB TE R, IS
I AR PR O A | ) B AL A 35 A AR A BT DE A il
Az 77 R RR B RIS R SL A GE (R B KA IR B
O3 F A E ORI R R A At i 7 o 2H TR A
B U Aoy I A P B AR . Murakami" 4 43 5
B ok IR F ZE AT B Bacillus halodurans 38C-2-1 Hl
MS-2-5 B Bl 14 JE #3 Bl 3% N 72 KB #TF B Escherichia
coli "3k ML A% 35 10 U/mL Al 52 U/mL, 53 5
B A TR 45 £ AT 104 4% . Wang!! S0 K 5 F
W& Bl 1B B A Lk alimonas amylolytica B8P € K i
(AmyK) ZENAE E. coli Fik , JHMEHE X 11675 UL,
SR, L 2H B R S RO R AN L A R — 2
$E Tt

5 HA AR A W) 338 R GEAH LL Al R 2F AT
W Bacillus subtilis 2 HA 2N (UH )24
JRLAI B, 3 WA A5 5 RS0 8 , vl A R AR 1 5T 1 4
Oy EREFREL P R WA AR I 2
T A AR 7 D TR AR L S O 1 1
PR 2SN 12 2 U Y1 (GRAS) 5 it i 75 ReTE 48, i
LI T A AR S A A 0 5 ) 1 (i PN I

VB P e BV i 0T 5 b % AmyK L)
IR Pichia pastoris"38 3k | & % 120 h, B 16 ik
600 U/mL, {H A5 58 BEHAR AR 5 U/(mL-h) , Kyt
— AR AmyK A& AR Y JE A, ol i 0 A S

KK AmyK 7€ B. subtilis 13RIk, I 4 5 4 1) &k
P SIS AT T AR

1 werszma L

1.1 EHRF B

B. subtilis WB600, E. coli JM109, pET-22b(+)-
amyK'" | E. coli-B. subtilis %1 ik pMA0911-SPs,
Y9 g V5 & B A S 56 % R8s e B JBURL pMD18-T-
simple, 1 F TaKaRa( K% )Y TREATRAR
1.2 EHFHE

LB i 7235 (/L) . F R 10, BERERY 5,NaCl 10;
pH 7.0 .

TB 520k (/L) . B IR 12, BELEA 24 Hih4,
KH,PO, 2.32,K,HPO,-3H,0 16.43; pH 7.0,
1.3 A#i&
1.3.1 AmyK RiA & keg M5 44 Ll pET-22b
(+)-amyK (% AmyK FEH g fith 751 ) Rtk ,PCR 3
HAHE] AmyK FEH L 5I 0L 1, PR .95 C
AR PE 5 min, 98 CZEME 10 5,55 CiB K 155,72 C
FEAH 2 min, 30 DGR K HHE BN A AmyK HE A A
Bt 5 pMDI18-T-simple i%4% , ¥4k E. coli 327540
JiE IM109, A P4, 37 CREFRIT, SR BT R,

x1 5l¥F3
Table 1 Sequences of primers
ACGCGTCGACATGTCAGAACTTCCACAGATT
CCTCCA

5193 (5-3) K/Nbp

CGGGATCCTTAAAATCCGCCATTAAAAGATG
GGTG

M Sal T #1 BamH T 53 % 3§ Y1 pMD18-T-
simple/amyK Fl &% A A [FAE 5 K E. coli-B. subtilis
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RN pMA0911-SPs, i TaKaRa DNA Ligation
Kit B0y i e 542, S WG H A E. coli 1%
UM IM109, 38R PCR 50k i 2 FH A ok
Pk A FEBE T 100 pg/mL &5 £ A9 LB B
IR 37 CHE R, 4 BUSORL 1T i D) 56 UE K
M 252, P80 i A TABRA A SR, R
FAAL S S A TR AL T A TR & B, subtilis WB600.,
TEEA 50 pg/mL RABEE R (Km) P-4 F Pkt B 5
e, H7% PCRIFEEVIRIE , 48 o i 5 40 1 T
80 CH 1l A& T
1.3.2 FTHREL TGN E

1) 70 B R M PRI L A AR PR DAV B R 2
5mL A Km 9 LB 5 FHd, T 37 CHFE 12 h
YER T, AR AR ITB 19% 0 42 b i 3 Fh T 05
— LB 53 5L rh 1 3% 24 h BDAEAL 20 AR TR W, B
R Z 10°~10°, L 100 pL ¥ 46 T LB P-4k
b R EE S, P EkEL 100 A4~ 5058 75 43 51 a5
Fi#ETC Km (%) LB “FACFI & Km /9 LB VAl b, & T
37 CHiFF 12 h 5 Geit- P b R vs g, 1 ote
20 R kLo B R M T A bR . W AERR 24 h
AT B0 1% W B b i T BT e Pl S 3%, H EAE 3
100 X, ARG E

2) 4 ¥ e v < 4 I L 20 4% .60 18100 1R 1)
B, SR UKL S Sal 1, BamH 1 XUV, 56 UF H
(R 457 IR AE

TF UL SCHR[ 18],
1.3.3  AmyK #9 & A Fedbiml  HUH I8 08 8 A bk 7
B Km M B4R LB A R4k, F 37 CHERRE R4
Feat i, PRBOE LG 0V R & LB B R 5
Ki 9% ,37 °C.200 v/min 2c7F FHEEIRKE SR 12 h, Diik
TR B A% P B B2 28 R Wb 3R 38 ) RIFESR 1T
PP HiE 72 h W—E H AR, T 4 °C,12 000 1/min
ST 10 min, B LVEW (EDHLEG R ) I
AmyK i
134 =mdgEhnl e BkCrE vE R R 2 R
DNS M B 0.5 mL AT PETE#Y ,0.75 mL H 2 1R2-
AN i (pH 9.5,20 mmol/L),50 °C i #4
5 min J&, AIA 0.1 mL & 255 B¢ ARG , 50 C
N 5 min, BT mL W& IAF] 1 mL DNS iR
A1, 87K T 15 min, KR HE E 4 % 10 mL,540 nm
TME ROGAE MR YRR R T A I R
FR) S SC R T A Tt 0 R fie S ) (T PR DE M)

A1 umol 38 JEURE (LA 4 W5 11 550) BT 5 2 04 T 4
N — R 1 A

1.3.5 @k AEmzegal 2 RSO 6 R TR
2838 YW B I R R AE 600 nm I K A f WO BE A
A ODgn.o

LRI

21 7 AmyK EAFEMHESRIX

Z MR 1.3 Wi 75350 & A A5 5 K ywbN
yncM .estA .yweA .amyX .nprE vpr.yvgO )5 2 3 ik
A pMAO911M1 . pMAO911J1, pMAO911V1, pMA
0911N1, pMAO0911A1, pMAO911El, pMAO0911GI,
pMA 091114, /74558 BoR , AmyK 5k H T 51 56 4=
IEAf  H B B R AR B AL B. subtilis WB600,
Fyo# &4 W KR WB1IMI . WBI11J1 WBI1V1,
WBI1IN1 . WB11A1 WBI1E1 WBI11G1 WBI1114, Lk
AN A AmyK G 25 TR pMA0911 # 16 B.
subtilis WB600, ¥4 B 55 41 18 WB11 1 2k 25 11 4 HE 1
P, AFEARE T TB 8555 37 °C,200 r/min # K
Fige 72 h, A5 R WK 1, K 1 (a) AT 7E15 5 K
ywbN W T, AN T A, A e
146.86 U/mL.7.69 U/mL, 43 ibh%0% ik 95%, At
ywbN 25 AmyK 73 Rk R AEE S K, o 1k —
LW EAE N LR, S EAN
WB11M1 ,WB11J1 ,WB11V1 ,WBI1IN1 ,WB11A1 .
WBI11E1 \WB11G1 WB11LA4 1§ /8 & WBI11 A9 iy
Ab 1 W AT SDS-PAGE 4387, 45 UL 1(b), K
A WB1IMI1 78 60 kDa &b 45 — 4% 7% Wi (1 28 14 5 4%
W, KNG AmyK A X 43 BT i A A A, 5 I A
T 2 R — 3

150 {,

—

353

(=
T

=g
(=}
T
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AmyKREHE/(U/mL)
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Fig. 1 AmyK production in recombinant strains and the
SDS-PAGE analysis of AmyK distribution in

culture supernatants
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Fig. 2 Effect of carbon source on biomass,pH,and AmyK

production
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FEIEAN KGR pH N 8 247 . LAER R (R
AR, LA AmyK Wi 1% Fx = ik 390 U/ml, ZEEH
P bR ORGSR AR AR, (HORRE [ B 42 i o 4R
fitf . DARE | E ORI EIEN, B IR A K AR 22 B s
WARME . R, 2 F R B RE R 7 AmyK il A
JE o DRUEEE R RERE R T 0 L R 122, DAk R
FIVR . T BE Ry B 0T vk B 4R i AmyK 7 (8] 3
(b)), TR AmyK i 15 Y5 Bl 8 (5 | R R
VB Y 1 I e G0 JE N 2 R R A
20 g/L, FEHEH; o B 40 o/L B, 0Dg B K ik
35.58; Y 4 R BT ik vk BE 12 /L, e RE oy JoT Vi
24 of L 5}, A1 B e ik 400 U/ml, & BESSH pH

LRSSt £ 510 2016 £H 35 5% 3




RESEARCH ARTICLE

WANG Jingli,et al: Construction and Fermentation Optimization
of a Recombinant Bacillus subtilis Producing
Alkaline Amylase

W BE A R L B RE Ry o v A 1 I ol T v s B
I, M AR R 8 o/ L BRIk 16 o
L0, pH e 8.6, PRI, d5ciih ;™ i 2UUR o 2 1 R o
RS 12 o/L, BERRR BT 24 /L,

500 +60 112

g4oo- 1 _
E300 B I I b %% 1°
L . S
£ e ¥ <
2200 | =
M 20 € {4
g
< 100 :
5 ¢}
0 —e— 0 _0
W & % “

s S
' B &
TS TS
() BRI 5L
500 - —140 ~12
- <] @
3 400 S
£ EiEs 130 _
2 i BS =410
g 300 | S
e i T
= s 2 20 *{g ]
2200 - "l allalla =
141
<100 0
0 4 8§ 12 16 20 24 28 32 0 -6
BRI (/L)
(b) & AR VR J3E 9 52 )
B3 ®iEXEEERKN=ENZN
Fig. 3 Effect of nitrogen source on biomass,pH,and

AmyK production
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