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Secretory Expression of Pullulanase Gene from Bacillus subtilis and
Its Application to Vermicelli Production
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Abstract: This study aimed to investigate the secretory expression of the pullulanase gene from
Bacillus subtilis and the application of the recombinant enzyme. The BsP gene encoding pullulanase
in B. subtilis strain 168 was expressed in Escherichia coli and B. subtilis, respectively. The
recombinant enzymes expressed in both hosts could be secreted to the outside of cell via its own
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structure. The enzymatic properties of the expression products secreted to the culture medium

significantly differed from those accumulated in the cytoplasm of FEscherichia coli. The specific

enzyme activity of recombinant enzyme BsBsP expressed in B. subtilis and secreted to the culture

medium was 153.7 U/mg, which was 5.5 times higher than that of the products accumulated in the

cytoplasm of E. coli. The optimum pH and temperature of BsBsP were 6.0 and 45 ‘C, respectively.

The recombinant enzyme BsBsP could not hydrolyze amylose, and it was considered as a type I

pullulanase. Hydrolysis of starch paste with the recombinant enzyme BsBsP significantlyreduced the

broken rate of vermicelli in the processing of potato starch vermicelli. B. subtilis pullulanase could

use its own structure to achieve high-efficiency secretory expression, and the recombinant enzyme

BsBsP is suitable for starch-based vermicelli production.

Keywords: Bacillus subtilis, pullulanase, secretory expression, twin-arginnine translocation system
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M:DL10000 DNA marker;1:pLac03-BsP/Kpn 1;2:pLac03-BsP/Kpn 1 +Mlu 1
1 EZE4HRH pLac03-BsP B 17156 i B #n 4 12 B i

Fig. 1 Restriction analysis and map of the recombinant plasmid pLac03-BsP
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Fig. 2 SDS-PAGE analysis of cytoplasmic protein of the
recombinants
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Fig. 3 SDS-PAGE analysis ofperiplasmic protein of the
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Fig. 4 Restriction analysis and map of the recombinant plasmid pUP43-BsP
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the enzyme activity of BsP
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KCI 49.5+0.5 42.2+1.4
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SDS 54.1+0.8 96.7+3.4
PRER 73.2+1.3 78.2+1.9

254 FTumESL@meHAFAK IR 1268
J7 0052 BsBsP BB S 50 71 2% S50, 0l s 4l
fiti BsBsP fE b5 & 22 2y V-S| &I, WLIE 9,
R G L-B XU £ th 26 1 (K 10) , 15 31 21 J7 72
y=2.863 6x+1.301, H It 7] 15 & 20 il BsBsP (1Y K,,=
2.201 mg/ml.,V,,,=0.769 pmol/(mL-min),
26 BEHLTELEHWLELEENER

Bt i BsBsP 538 > 20 7E 45 CJ 2 h,
XF W = M kAT HPLC AR, 455 UL 11, BsBsP
R i JEC 0 5 22 B AR LB — PR 22 2F 0 IR
I 2 22 ZEME A E DL SO, 2R B BsBsP HUE
FHF 4 2 2 a—1, 6174, Xfa-1,4-KE1F
HEREAEH . ¥ BsBsP 5w IKE N 0.5 ¢/dL i 1
BETERY R IRAE 45 CCIU 0 24 h, 255 7R BsBsP X
ELBEVE R RO (A A RS, 1E— 25 K B BsBsP AN
A a—1,4-FEAF 8, ht ol W BsBsP Jj&—fp & —
PERE a1, 6-BEFF R0 T TG 6 22 il 708 22 il 1
A, T R 2 b E A R LR AS R
N AN (T | NI = ey i e el S N SO
a—1,4-WEH IV SEGE M BE A 4, it 3kAE
HI M 22 W7 25 R =17, BsBsP SE AN K a—1, 4
THE, HLERAE B AR 22 A TPl A

LEstpR LS co2geg szl EEH




RESEARCH ARTICLE

ZHU Dongjun,et al: Secretory Expression of Pullulanase Gene from

Bacillus subtilis and Its Application to Vermicelli
Production

075

V/(umol/(mL-min))

[s]/(mg/mL)

9 BsBsPERTELEE=ZZHEN V-[SIhNF L&
Fig. 9 V-[S] kinetic curve of BsBsP acting onpullulan

45+
y=2.863 6x +1.301

R*=0.9929

40

35¢F

3.0F

y/(umol/(mL-min))
|38
W
T

10 1 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0 1.2
x/(mg/mL)
B 10 Linewaver—Burk X {2 1 t £k &

Fig. 10 Linewaver—Burk double reciprocal curve

6000
5000 | =y
o 4000
=
3000
=
2000 |
1000 | .
%‘%Lﬁ.ﬂ
0 1 I I L "

11 BsBsP L EE& = S 1EREBH =W 247
Fig. 11 Analysis of BsBsP—catalyzed degradation products
of pullulan
27 FHEELEZF BsBsP ML FIER RN AR
W T AUR 2 AT B 1A717/pUP43-BsP % 1
ARAT 00 2 A I P B L AT i e 4, AR
TR BTG 681 U/mL YW A8 BB, K BsBsP ¥4
BEBUT] T S5 8% ST by by 22 O il A 25 SR L3k 2,
2GRN, MBS 2 B HIE T2
RTINS VE H00B 22 15 35 22 [ B AR %
JEHE L BUEEANGRS  ASR AL E BsBsP A B2 AT

®2 RN BsBsP X B EEMMLRENFIN
Table 2 Effects of BsBsP addition on the quality of

potato starch vermicelli
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Table 3 Effects of BsBsP addition on the quality of sweet

potato vermicelli
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