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Abstract: Pullulanase can specifically hydrolyze amylopectin to get amylose, which.is important in Starch industry applications. In this
study, the pullulanase gene pul was cloned from the Bacillus naganoensis ATCC 53909 genome and inserted into the E.coli-Bacillus subtilis
shuttle vector pBE to construct the expression vector pBE-pul. Based on these, seventeen strong promoters from Bacillus subtilis, Bacillus
licheniformis and Bacillus amyloliquefaciens were respectively.cloned-into the expression vector pBE-pul and transformed into Bacillus subtilis
ATCC6051A10. Finally, Seventeen recombinant strains. containing_different strong promoters were constructed, the secretory expression of
pullulanase was achieved and the activity, of pullulanase was measured. The results indicated that the activity of pullulanase mediated by
promoter P43 and PspovG was significantly higher than that mediated by the other promoters and the activity of pullulanase mediated by
promoter PspovG was higher than that mediated by the promoter P43.Meanwhile, the pullulanase gene mutant pul324 which deleted N-terminal
108 amino acids was investigated, which was mediated by promoter PspovG. Through comparing seventeen promoters and two pullulanase
genes, a recombinant strain that can efficiently overexpress pullulanase was constructed successfully. The highest pullulanase activity reached
389.85 U/mL, significantly higher than that reported in the literature.
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Table 1 Strains and vectors

Strains and vectors Main properties Source
E.coli stellar E. coliHST08 AR TG
B.subtilis ATCC6051A10 SpollACA. SHCA. aprEA. nprBA. nprEAy mprA. vprA. bpfA. eprA. wprAA REWERA
pBE E. coli/B. subtilis 42 &4k, Amp+, SPamyQ, Kan+ AR EIRAG
pBE101 (P43) P43, SPamyQ, pul AR AR
pBE102 (PamyL) PamyL, SPamyQ, pul AR AR
pBE103 ( PglvA ) PglvA, SPamyQ, pul ARHFRAME
pBE104 (PsigW) PsigW, SPamyQ, pul AHFRAME
pBE105 (PspovG) PspovG, SPamyQ, pul AR AMEE
pBE106 (Phag) Phag, SPamyQ, pul AR AR
pBE107 ( PywzA ) PywzA, SPamyQ, pul ARHFRAME
pBE108 (Pveg) Pveg, SPamyQ, pul ARHFRAME
PBE109 (PfusA) PfusA, SPamyQ, pul AR
pBEL10 (PgapA) PgapA, SPamyQ, pul AHFRAME
pBE11%. ( Ppgk) Ppgk, SPamyQ, pul ARHFRAME
pBE112/( Ptsf ) Ptsf, SPamyQ, pul AR AR
pBE113 (PaprE) PaprE, SPamyQ, pul AHFRAME
pBE114 (PamyE) PamyE, SPamyQ, pul ARHFRAME
pBE115 (PnprB) PnprB, SPamyQ, pul AFFRAME
pBE116 (PnprE) PnprE, SPamyQ, pul AFFRAME
pBE117 (PyqfD) PyqfD, SPamyQ, pul AFFRAME
pBE201 (P43-pul324 ) P43, SPamyQ, pul324 ABR A
pBE202 ( PspovG-pul324) PspovG, SPamyQ, pul324 AR

88



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

1.1.2 K55 FRE
PrimeSTAR® HS DNA Polymerase (premix). DNA
Ladder Marker fil T4 DNA EERFEEN TR AV TR
CKIE) AIRAA]; RN VIR Tag PCR Mix
master 4T~ Thermo Fisher Scientific; Jii ki /MR 7 £
B PSR PCR =4 [RSGARFIE 0E F1
FH R AR A A %S =B dE
Pullulanase microbial A1 = Z 446 T sigma A &) ;

A E 2 ZH T B YRR A ] SG

Fh BT AR5 [ = Bk 144l 16 5E PCR AX
Veriti® 96-Well Thermal Cycler , 3% Applied
Biosystems ‘A l; 4 H ARG Gel Logic 212
PRO, Z:[H Carestream Health A% £84M0] W40
%11 NanoDrop1000, %[ Thermo Fisher AF]; HF:
1A% Eporator, 7E[E Eppendorf A %]; M200 £ ThfEis
P, fHE[E TECAN.

113 3l4pikit

AR FEAE I S 3R 2 Fras.

*2 51¥F5E%R
Table 2 List of primers

RS 3145 (5°-37) ARARLK
F-pul (Xhol ) CCCTCGAGGATGGGAACACCACAAACATCGT 31
R-pul-His (Xbal ) GCTCTAGACTAATGATGATGATGATGATGTTTACCATCAGATGGGCTTACTTC 53
F-Pul324 ( Xhol ) CCCTCGAGCCTGCTGTAAGTAACGCTT 27

E T RIKIS A BMLE.
114 35

LB 15783 (WIV): 1% Tryptone, 0.5% Yeast
Extract, 1% NaCl, 121 ‘Cy& 4K 20 min; SOC 1%
FEHE (WIV): 2% Tryptone, 0.5% Yeast Extract, 0.05%
NaCl, 25mM KCI, 121 ‘C#& % K 20 min, fIA 10
mM MgCl, 1 20 mM #i & B A LBS F5 7R AL (WIV):
1% Tryptone, 0.5% Yeast Extract, 1% NaCl, 0.5.M
D-Sorbitol, 121 CraH K 20 min; Ffi 155 7@ 4
(WV): 1% Tryptone, 0.5% Yeast Extract, 1% NaCl,
2% Glucose, 115 ‘Cii/E K 20 min; KRG 5L
(WNV): 1% Tryptone, 0.5% Yeast Extract, 1% NaCl,
2% Glucose, 2% Starch soluble, 115 °C 7&K+ 20
min.

12 77

121 SH=MF mAkiaIE
M ¥EskJE T Bacillus naganoensis ATCC 53909 ]

A W R pul, %151 P F-pul (Xho D+ R-pul-His

(Xbal) &l F-Pul324 (Xhe 1) (3£ 2), LA B. naganoensis
ATCC 58909, J PRI AH MR 115 21385 =2 B Ay
Bto I Xhol Fl Xbal XUfFY] pBE FiA 2k (4RI & =4 il
B pul, 23l BEAT R R B FELUK A Im AT . A
DNA Ligation Kit f) T4 DNA Ligase & > fifF 5L A
BB pBE I, RS LE Ecoli stellar
TR A, N SOC £57: 3 E 75 1 h J5 ¥ B 7l
WATES 100 po/imL &R E &R LB PR L7,
PREUEAL T F VR B T IRAE TR,  RIPTAR 25 A e
== Eg F ORI R AT R s ik . & 2l A TR &2
I I PP B IE o

LA B. subtilis 168 5K 41 AR 21T PCR 31515
25+ P43, PspovG. Phag. PywzA. Pveg. PaprE.
PamyE. PfusA. PgapA. Ppgk. Ptsf. PnprB. PnprE.
PyafD Fi B, B Bacillus licheniformis 3K 41 A3
47 PCR 4 1798557 PamyL 1 PglvA H B, LA
Bacillus amyloliquefaciens &K 4 A 24T PCR 43
132 JR 2T PsigW JrBL AR5 FEo3 i JR 81 v Bl
e 2L g F TR T EcoRI T Spel WY, K L)
72 W) 3R AT B I W R IR F UK O T, ] DNA
Ligation Kit f£) T4 DNA Ligase ¥ &R 517 B 7l
EPREE Mg E AN b, BRI R Ecoli
stellar BAZAZMIH, NN SOC B35 75 1 h J5kt
EIRRRATIE S 100 pg/mL S HEHE RN LB P L
IR, PR TR AT IR SRR, RIS
AENEB) TGS EMERA TR . LA R TR
K125 M FPEenE o
122 FT 4% & 28 Bacillus subtilis
ATCC6051A10 ¥ ¢4 &k

W bR R T4 B EEL2H R OE R AL T B
subtilis ATCC6051A10 /&S24 41, i 890 uL ¥ LBS
BIRE 5 5~6 h 5 R IR RURATE S 20 po/mL B iR
RIEERN LB AR L, 37 CHIFRH, PRHURER
AL T RHATIAESRGE, RO 45 3R & 22 iy s H R
¥k pBE101 (P43), pBE102 (PamyL), pBE103 (PgIvA),
pBE104 (PsigW), pBE105 (PspovG), pBE106 (Phag),
pBE107 (PywzA), pBE108 (Pveg), pBE109 (PfusA),
pBE110 (PgapA), pBE111 (Ppgk), pBE112 (Ptsf),
pBE113 (PaprE), pBE114 (PamyE), pBE115 (PnprB),
pBE116 (PnprE), pBE117 (PyqfD).
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20 pL FEALEEARFREMN T 1 mL & 20
ug/mL BRI R R R 9756 h, BT 37 CREIR
LA 200 r/min 53R 9% 24 he RGBT FIRLL 1%01
PERE (V) #5423 2 mL 4 20 pg/mL B K%
B REEEE AT, BAFHKRES K=K, BT
37 CHEIRLA 200 r/min %% 185 5% 48 h [ HUR:, 74 °C
AREOHLH LU 10000 r/min 250 4 min SREUK B
VE, R RS TP SRR A
1.2.3 TH-EE L FEaEEE AN

FRIE M Red-Pullulan [RIRE 775k 2 M & =2 B
. S LS RO E S% Jinho Kang™f¥) DNS
J71EH1 Megazyme /A &) Red-Pullulan {# VLR 45, I
DAL A R T & 22 WV E bR i, DU 7k
s BUE AR FRIEE S 22 BERRA 100 uL, A 300
uL PL pH 4.75 ) NapHPO,- A7 R 2 R BC 1l ) 1.0%
(1) Red-Pullulane NJEY), 7RSI ET 60 CKIG
B E 30 min. SZEPHIN 1 mL oK 28, RGR
A1JE#E 5min, L5000 r/min [I#EEES Oy 5 min, 7E
M200 2 ZHEEREFRXH LA K: 510 nm il 5E Hi s N R
WG R . & = BRgrSI Erf, LL Bacillus subtilis
ATCC6051A10 BFA: 18 K I Bl E A O R A
FE S E SR =R ARFEFTAI ODs1o nm fELAN S BT
JIZ AR R RN A] T EAS B R S . &2
P mERG BAAE S FEAIRSRE e i 2=
BRI S mE, FOARJE 1A 24 1 pmol Hl &0E BT
MIlFE, LA 1U RN,

124 E-& 28R TAKNTEALAHRONE

FERIFH PCR J7 SR S e == P 111 108 /™5 F4R
BRI L FEI A K pul324, ek R g i
EEIRISEE ST PspovG #ifk I, M@ Eif& pBE202
(PspovG-pul324), HEATor b3k,

1.2.5 AEARR B

Ve HLE A 1 B.subtilis ATCC6051A10, 6 % filg &
4 v K J& H AR pBE105%.( PspovG ) Al pBE202
(PSpovG=pul324), HEATREIR . 73 ll42Fh 20 pl fR
FRERRF 245U BN 3 mL 57 20 pg/mL
WlR RIS R AR 7R AL, BT 37 "CHEPK 200 r/min
HIRE 24 hy RSN R AR ODeoo nms LA
S (Y08 1% BeindE = I E 50 mL
REERGIRIER R R, &5 12 h BURE 500 pL A&l A
YIEA LSS, HE72h. FMEKREE K=
1.2.6 SDS-PAGE »#7

1 4 CIRE B DN B Ol kB _HiEW, AR5
WL 0.45 pm B IEIEIRIUR BB IR SR B
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FIFH AKTA 5 ([ 4ifk Z4¢F15 mL HisTrapTM FF crude
AR A A E S I R R, S5 RRIATE 20%
Buffer B £t T Uiy thal B 8 e, WL
Velbiti. ARG, 2rHIEL 40 pL AR FRE SO 4lifk
Ve, I InN 10 uL 5xSDS-PAGE Loading
Buffer, JRHEIRZIRE], WK IHALEEE 5 min {2
PR fHEF B%MIRAERS, 12%[17) B AT R T
WA, SRETEH DR R-250 Jlih Jt,
ZSUN R G =R VNG = B i
1.2.7 FABEGIT oA

B By 8 4 =ikek bl b, 45 RUEE
R 2R R .

2 ZR51He

21 ¥ 2 E 4 U R

(6664) Xbal

Xhol (3859)

&1 B subtilis ATCC6051A10 FREANE B EITFRIFRIARHKIAY
T
Fig.1 Construction of expression plasmids for B. subtilis
ATCC6051A10 with different promoters
7E£: Promoter /X% P43. PspovG. Phag. PywzA. Pveg.
PaprE. PamyE % 17 A KRRl 23h-F.
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Fig.2 Electrophoresis image of pullulanase gene PCR
J£: M, DL5000 bp DNA marker; 1, -%-& 2@ F PCR
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DR F B Pk BN 2 oo Jl3d PCR ik, RIhd 18
SRS LB A B pul, K/NN 2799 bp, KNG
TEARIAH — 25 (B 2) o 7 LARR I 14 P )88 Xhol 1 Xbal
FEAA pBE-SPamyQ 1 Bt pul 73wl AT AUEGY), 1%
PR AL KT stellar B2 20l PRECAETE
B FER AT, WP REREE 2 iR 5
BRI o B R Bk b, BT M R
pBE-SPamyQ-Pul .

M 13 14 15 16 17
1000bp.
700bp
500bp

1000bp

400bp
300bp—
200bp
100bp —

[ 3 REBEIFHY PCR #3454
Fig.3 PCR products of different promoters

7&: M, DL1000bp DNA marker; 1, P43 #) PCR ~4; 2,
PamyL 49 PCR /=4%; 3, PglvA #) PCR /=#; 4, PsigW 47 PCR
415 5, PspovG %) PCR =4%; 6, Phag #) PCR =4%; 7, PywzA
#) PCR /~47; 8, Pveg #) PCR /4%; 9, PfusA &) PCR /=#;
10, PgapA # PCR ~4%; 11, Ppgk &9 PCR ~4; 12, Ptsf 89
PCR /=4; 13, PaprE #) PCR /~#7; 14, PamyE #j PCR /= #;
15, PnprB ¢ PCR =#; 16, PnprE #) PCR &~4»; 17, PyqfD
& PCR 4. ¥ R T B3)-F P43 4 148 bp, PamyL 4 214 bps
PaprE 3 154 bp #= Phag 4 144 bp 24, 4Bz h Bk
¥ 300 bp.

I3 A B SEHORT B . M S FOAT B RIRRE K =
TP B R b 5 R ) R Bl i Be Dk ] 3
Fror. @i PCR J7ik, WU ¥G143) 17 #E3h Pl
Bt KANSTUARIA—E (B 3D, 7 LARR il Py U
EcoRI Al Spel X}#A& pBE-SPamyQ-pub A5 ah-1- H B
IrNBEAT O], SRR = AT T stellar &2
Hf . BRBCR IRV 508 R B RIIY, MFasR
TR RN B IR R IAEA b, s
#i pBE-Promoter-SPamyQ-pul.

22 TRE#HTRES 28 EAREREKLEK

Ty B

B TSI AN )R ) R 6 2 i 2H SRR B AR
REER & A B REE R, AR S0
a2 RIEKEERRR, HPEshr P43 Al
PspovG /13 1856 =2 Wi (1) R /K izt iz vy 1 HoAth S
BT (B4, 1F 24 LR KRR K% 48 h J5 155 =
Figid 2509 81.29 U/mL #1186.67 UmL, &EEshT
PspovG 1 8 2H 5 & > iR 8 B AR BT SR IR 6 22 g

s L S A LS00 JE 3 1 PA3 B B 4L AR T . T LA,
WS 5T PspovG HEHAT 39286 .
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20

[ 4 ELEEHMEE =BEEGEME
Fig.4 Pullulanase activity analysis of recombinant strains
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Fig.5 Pullulanase activity analysis and growth curve of
recombinant strains
E: AR (O) Ao (o) S AIKRAZTAEH K Bsubtilis
ATCC6051A10/pBE105 (PspovG ) #= B.subtilis ATCC6051A10/
PBE202 (PspovG-pul324 ). a: & FLH A B LifaF4-& 2
BalE AT I 0 T AL W & b: BB ER LK,
Xof T b iR i 12 R 2 Tl P e e 1 5 B
PspovG, EINHJEEFRL pBE105 (PspovG) Al pBE202
(PspovG-pul324) . X I& PN BT FIT7E B R IEAT A 19%
FIB, DN ANTRTI 18] 5 A BT AARLS  22 B PE AR 1
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i (Bl 52) RBERIAEKASN (B 5b). & 2Rk
TEHIZE B, Rk B.subtilis ATCC6051A10/pBE105
(PspovG) HI AR b3 - 6 22 s PR i o K eI
[IRIEKC, BE IR RREET i, JFA(E 48 h IR FaE
M, REZT72 h BEEEIAE) 389.85 U/mL; fij B.subtilis
ATCC6051A10/pBE202 (PspovG-pul324) kA& B 36
h IAZAEX AR E B, BRI 3GK, B /3P
2%, K72 h I EESIAE] 260.38 U/mL. [FIi E41 B
P4 Ko 2 & B, K B B Mk Bsubtilis
ATCC6051A10/pBE105 ( PspovG ) £l  B.subtilis
ATCC6051A10/pBE202 (PspovG-pul324) ¥J7E 36 h i
AR e, FEERTEMEL, Fk B.subtilis
ATCC6051A10/pBE202 (PspovG-pul324) “*¥&itaT
SV 4%, Ifi 1 ¥k B.subtilis ATCC6051A10/pBE202
(PspovG-pul324) A4 idv TR, Ui AN A S E A
R T AR 22 R ROR . tHIEL 5 o
PR 22 Wl = 2H B AR ) Bl b 2 AR K i 2, W LA
SRIEE pBE105 (PspovG) & T kA=,
T, (EAHFMZRAE EwS, HAERREZS TS
%9k, FHFkpBEL05 (PspovG) K% 72 h fa£ik&ELl
FiFk pBE202 (PspovG-pul324) B, Hik, 7EHE
EF R R, FAR pBE105 (PspovG) ARk
AT, BERRIFER, YR T DRI FRE;
ONFFERFRA & MR AL T ORRE, xR LI R
H B BRI .

24 KBk SDS-PAGE 41

& 6 EHEEFEFIE IR SDS-PAGE 534
Fig.6 SDS-PAGE analysis of expression products of
recombinant strains
JE: VRiE 1 A HE#Ak pBEL05 (PspovG) KB Lk, wkid
2 AR F G AR, Kid 3 A E#k pBE202 (PspovG-pul324 ) &
B ik, kiE 4 AEZG%E; #KiE 5 A PageRuler
Prestained Protein Ladder #26616#.
SDS-PAGE %€ 45 & W], HAH WM pBEL05
(PspovG) (1) I 3B B L AALAE 100 ku Pt A
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—gFikA, HEHELMEIS AN, e
iy % A, 294 100 ku; if & 41 @ ¥k pBE202
(PspovG-pul324) ) & 1% i i L FL AL AE 70~100
ku Z IR — sk 51, 5 & 2R R RIIL /)
—B, NS LR, 205 90 ku. HoH, AR
Pk pBE105 (PspovG) [IH& ~ERkilELt pBE202
(PspovG-pul324) [HE, &5, 4R E 5
2L RS A I 45 R — . RN R R A Al )E
ORI, R H L BRI S A RERIE v A i
Fak, ARG RREE, SR, dREER T Tk
Apn, ORI TSR R R

3 ZHig

A TR T 17 FhEE AN s e
AW A R FEXT L S R IR 4 B AT
W & 2 g B A, b # A B R Blsubtilis
ATCC6051A10/pBE105 (PspovG) (1) & = g 1tk
e B, AWFFSGE RARE G 2 HERi TP
PRI E O R R A, IR T AT
¥ pBE202 (PspovG-pul324) . {H & szihst BEH, 1F
AR B AN TE R RIA, B R R AR RIA
IR A G 2 EER N REE RS, BEHARFEK
B.subtilis ATCC6051A10/pBE105 (PspovG) X% 72 h
Je, S L FERETE O 389.85 U/mL. %A
T Wan Song 5 PHIH (-6 24 BHE 7 (24.5 UmL),
ST 2 AL B AT R R I R R R . R
ST RS 1 22 W LA, B 2 AT B e i = Ry
WARIE, N 2 B R TR O B e T — e 5 ah,
[ B B 22 i Tl Ak A 7=
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