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PREHAIA232 WY H BT W R pH AT A B AL I
4. HF HAE 60°C T, ifi 4815 A ) 7 &b B /& pH
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14. 1 min, 177 & B 28 M A 35 & 2= i 0 55 1 ik 2
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1.1.1 FE¥FERR: KB 22 AT (B. naganoensis)

JNB-, K W #F % ( Escherichia coli) JM109. BL21

(DE3) A SE 5 % {5 ; 50 B R pMD19-T simple
vector i [ TaKaRa 2\ 7, pET20b ( +) I H Novagen
AT

1.1.2 FELFNF{LEE: LA Tag DNA Polymerase-

T4 DNA Ligase [ N ) 8 BamHI 1 Xhol.DNA
Marker ¥ H TaKaRa /A ¥, isopropyl B-D-d-
Thiogalactopyranoside (IPTG) iy 4 _Eig4E T 49 T2
O] A DAL B O ) 0 A b R R AR
BATBR 2w FORE $ B0 A & IR D R & 0

OMEGA BIO-TEK, 14 2413 F1 4% 3¢ Tk Bkt 20
#£ (TCD) » 5140t bl A T AR TR ) & s H4r

WA Oy [ oy b e B AR R IR A VEXTS50 Il A
Sonic 24w 5 fE i K e 5B R T A8 AT B
2] s IR AR A PCR A DNA H Yk A% 2 LUK
{0 H Bio-Rad A &) ; fgAx W H Thermo 2 #] .
1L.1.3 e & KB 0 AT B 8 JF 5 CaCl,
0.25 g/L, MgS0,*7H,0 0.5 g/L, (NH,), SO,
0.2 g/L, B RESR Y2 g/ L, Jo /K ] %5 B S ¢/L, KH,
PO,3 g/L, TEHLERVA W 0. 1% (viv) , pH 5.0 EHL &
Wi ZnS0, *7TH,0 0. 1 g/L, MnCl, *H,0 0.03 g/L,
H,B0,0.3 ¢g/L, CoCl,*6H,0 0.2 g/L, CuCl, *2H, O
0.01 g/L, NiCl, *6H, O 0.02 g/L, Na, MoO, *2H, O
0.03 g/L;LB [ s 77 3 7 LB W ph 3 55 5 ' JE
LN ERY 1S /Lo LB AR by ] 44 5 97 B A1 A1 H]
B2 R 75 5 % 2 4 E100 mg /L.
1.2 EFA DNA F R A 8932 B

B. naganoensis JNB- 3 X 41 [ 3¢ 1Y S P 41 1 3
DAl 2 i AR 77 6 U6 ) 15 7 vk (B o RAR AR LR
PR 7)) o JFORL SR HX 2 TR £ B0 ) & Ut B
J5vE3E4T (TaKaRa A #F]) »
1.3 pul EERB=E

i 45 B. naganoensis 1] % & == b 3 K 7 41
(GenBank Accession No. JN872757.1) , % it 34w
T pul¥: 5°-GAACAGGATCCAGATGGGAACACCA
CAAAC3” (& ff BamHI Wi Y] £ 25), pulR: 5°-
ATTCCCTCGAGTTTACCATCAGATGGGCT3” (& H
Xhol B VIA7 15) « LL B. naganoensisINB- 3£ [X 2H %y
BEAR, SR A PCR J5 ik 4 38 pul FE DAL 97 48 25 11 O
95°C Tl A% £ 5 min; 95°C 1 min.60°C 0.5 min.72°C
2 min, 30 PMEIF;72°C LEAH10 min. HL5 pL PCR 7~
Y 1% SR REHER FB Uk A I o PCR 7™ Hy 28 Ji Il i
aife 5, 5 pMDI9-T 71 16°C N 424 h, £ " W) %
HE E. coli IM109 252 25 41 W » £ g D) 6 ik 3R A5 B 1%
JORL T-pule &R PP iy B AR T A9 TRE 2 W) 5%
J o
1.4 FJEREHAKHHE

FI BRI A ) B8 BamHT Rl Xhol 43 5] %f 48 14
pET20b ( +) kL T-pul BEAT XU YI i (2] pET-
20b ( +) £& PEH AR FN B bR JE K, B T4 DNA Ligase 7F
16 °C T JE 2 JOM R H bR B R 4, 3 52 7 W) B 4K E.
coli BL21 (DE3) J& 32 25 40 Jf» ¥ A & % §1 2 R Hi ik
VA5 T 30t e A I 1) 36 U R U 5 iff DA 3R A B
W% E. coli BL21/pET20b-pul.




T A KB AT B (Bacillus naganoensis) 3% & % g 45 K a5 & 5 0955 P /3B 524 (2013) 53 (2) 147

1.5 BiEREMIFSFRIE

FARMMAE R EENME S HATHEZEMN
5 mL LB #5572 3L 7, 379C \200 r/mindi % ¥7 35 i
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T 25C FEF18 ho BR 5347 U6 W A0 4k 2 0% I A 7E
N . 4R R R R 4L 5r & SDSPAGE
R -
L6 BESEHHMRL
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b SR (20°C - 37°C) IPTG & & (0 mmol /L
-0.8 mmol/L) FiFE G HL (0D, 0.4 - 1.4) ,iF S
18 h, LUAC 40 H 9 A0 14 i 35 K S IPTG Rk B2 15
I AL A TE 20C TS o
1.7 &= ENE

HIN20 mLE W, T 9798 x g & ::20 min, |-
TR B MU AN O3 o B DT UE 48 AR B R K Tk 2
U M pH 4.5 [ LR -4 TR AN 2 vh il T R )R e R &
20 mL. S MEE 17418 x g B 020 min L | ¥
W R0 M AL e B R DU E 5 V5 AR S Jinho
Kang " {77 ¥ 05 [ 3L e Ay 60°C 5 22 v 4 3
0.1 mol/L pH 4.5 () -4 W2 b — A
PR ) 2R ) 8 SO AR B A RN B4y B
BETRL wmolid J5URY BT 75 (M i (1 3 o JIT 7 189 5 0 7 45
R 3 RE G APAT R A A B O
AN S 55 P P R 0 R D 0 R
1.8 o RsE

20 mLE T 9798 x g &5.0020 min, Yt £ F 35
I MLANAL Gy o R R D T A R K VR 0l 5 4 R
BT EA 25% (wiv) FEREAIT mM EDTA (] AH 7] f4
TR AL BRI o VK b PR A2 5 17418 x g2 4°C 5 0
20 min, b3 A R " o Bl pH 4.5 1
LR~ TR B 2% 1 i T ek O o8 % 2220 mL, 8 75 A A
J5 17418 x g4°C 250010 min, b3 &y 40 i 5 20 45 -

2 SRR
2.1 LEZHMEARMRESRE

B. naganoensis %5 K 240 Jy # M, Sk A PCR ¥~
BRI B L W g i M . 4lifbk )5 0 PCR 72 5

pMD19-Tsimple vector i $%, £ M V) %, 315 T A
FURL T-pulo 3 KL P 45 S L W), pul 3 K7 41
GenBank # 18 ¥ J7> 41 — 3. JE KK fE2781 bp, g i
926 MR -

P14 oh i U7 v Ry TR 2 3R Ok UKL pET20b
(+) pulo ¥ F 4 i ki pET20b ( +) pul ¥ 1L E.
coliBL21 (DE3) & 52 A 4l i . 41 1 £ IPTG % 3,
SDS-PAGE 7y M7 4 B B ox (B 1), & 41 W 78 2 i
120 kDakb LRI 2 ) — S0 400, R W) & 22 i
12K W #F W 3R A5 Rk, HAHX 0 7 it & 48
119 kDa, 5 FU] K/ — S0 52 BN A 1 > 2% %43
JEE AT pH 0K v B 0 0 (R RE R . E PR 2, A R
1) Je & U JE A 62.5°C, ded& pH o4 4.5, Jf H pH 7E
4.5 -5.0 ] R 90% (¥ B, £ W] iz KW
FF 0 2R 40 305 (1) T 20 3% & 22 il 15 B A0 I 28 MM A
SR UE IR 22 WA 1R, 4 B A A A B A 0 R 4 A

PR B Mg 2 o 1
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Fig. 1  Expression result of recombinant protein in E. coliBL21
(DE3). M. Protein Marker; 1. E. coli BL21/ pET20b ( +)
after induction; 2. E. coli BL21/ pET20b ( + ) pul after
induction with 0. 5 mmol/L IPTG.
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Fig.2 The influence of temperature (A) and pH (B) on the

recombinant pullulanase activity.

2.9 U/mLA13.5 U/mL. % E7E 20°C % S0, &
Pif 3% 328 376 e 1 LA 3 UL R 1R B S KT DR O 0
15 20°C T 5 5 DL3RAG ey KV 05 Rk, I W/
T 3R 0t T A 6 1) o O I A G A
A VL3R4S 1 7K1 1) A i

2.2.2 IPTG REMEBABRIEINEM: KT
IPTG [ AN [) 3¢ S8 6 . 17 AN [i) (0 3% 0K 5 52 5 1 42 5% )
HisEAMRE. K 3B B, 7EAR K IPTG 3%
s M A AR HL A R B A T A
DAY T 5 1 T 9% U A VS 0 2% 3k B£0. 4 mmol /L IPTG
B 5 ) o U0 R IPTG A 1 Wk B oA
0.4 mmol /L.

2.2.3 FESRMNERRESMEEHBERENEN: =
21K T FT B8 ) AR KRS X H b 4L A IR0 K
I8 3 W HAH — i W S e AR L [ I S 0 A
WEHEEWMERE M HREA &, ¥ 3-C Br,
R KB N 0Dy, N %S, HARE QK &
EZrEE. LA AN 0Dy k3 1.2 i, HAr
1R 77 ey S IR 39, 5 U/mLe
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Fig. 3 The influence of different conditions on the recombinant

enzyme activity. A: The effect of induction temperature on enzyme

activity. The E. coli culture was induced at ODgy of 0.6, with

0. Smmol /L IPTG; B: The effect of concentration of IPTG on enzyme

activity. The E. coli culture was induced at 20°C and 0Dy, of 0. 6;
C: The effect of ODgy, in induction on enzyme activity. The E. coli

culture was induced at 20°C with 0. 5 mmol /L IPTG.

2.2.4 RAMUFHMAEIRREHmE A5 L
AR R G 15 T A BEAT R R W TR
IR I A RS 0 A R AR G B (B 0D, ) F1 S
P A 5 AR A5 AL R R o R ot 2 (TR 4D
MR EAE VS T )5 298 hm ik A€ . e A g 5 1
AN K B FAR T BRI 7K1 5 B P9 i s A 3
S G N, 15 T 5 206 hint B2 ML S 6 5
fHo V556 hLlJa i A B s AL AR /D de s (240 0
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10.5 U/mL, & & B 3E 4 10,8 U/mL. Jifg N /] %
25 R ah g & 3 1) SDSPAGE 43 7 th W 7R, i 5
6 h LLJE ML 1 H A R R A K.

W S S Intracellular fractions

S s I Total protein fractions
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Fig.4 Fermentation process curve of recombinant E. coli.

2.3 EHMEMEBPIEN

bk 45 AL, E A g AR A 08 B B e 1
Ko T34k pET20b ( +) 45 PelB 15 5 Jik,
B B A A R8I K AT B o i R S s &
Jea ) M S B E T 2 A 40 D R A B
ORI T M /4153« 40 A e 5 2 1) 401 43 R0 4 e ot 21
g5 W45 2% 3 4 % & LWV ) 43 i 80.4 U/mL.
9.1 U/mLA0.9 U/mL (& 5) . 4554 & ox, & 41 E S
D1 KR 5y B i AR B i, K B AE PelB {5 5 Ik 1) A5 B)
T KRB oy H AL A v B TR A A R LR .
T B IRAE L A0 B E AR Bk T s .

Enzyme activity/(U/mL)

.
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0 N_—
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Fig.5 Pullulanase activity in different fractions of recombinant E. coli.

2.4 RN EEES S AR ER

Wk P S A AL T A B ) RS A
BV R B (1 4 vy » AH R 43 o AL I 461 ) 5 9F
KEEMAN . XA H T (1) pET20b ( +) ik LK
PelB {5 5 JIk 32 % H 1 A0 s 2 13 A8 A i s 1) (1 AR &R
20 g e A7 T A B a) f EEAK SE B TN AE A Re 3
B M AN (2) Bk 7 5 45 1R R AR T 41 )
PARE 3/

T B R AN B S T RS B A WA ) T
DA 3 A7 J 5 22 () (1) 75 40 I 1) B Ah 23 o AR HIT
S ) R FR I O AR 2 S 0 AR i I A T )
() 248 A FH A B 8 0 ) T) 55 S 4R &2 A 23 B
SRR ML AP Mg s o AR & 4, AT hs A
A IS JL T A A G I B A i v BT
(1) T 2 I B 22 M A DR AR B S0 S T 0 N R
70 J T 470 I v 1 AR A L DA B AN [ 4% 1 2 i
21 53 WA TR R
2.4.1 [ERREIA L0 BB 45 4 B IR 0 7 3T E A B 4
BY B2 M < AR SCHR IS, 2L iR Can H =R )
G 2 10 3% 1k 77 (4 Triton X400 i35 80 25) filiB i3
Fe 75 500 Can Na ™) ) LU hin 40 fi B (% 3852 M, JEim
{3 S v 1 2 4 W B Ak T

(1) AN [F) Pl 2 50 5 o0 750 %5 7 201 1 9 0 F 4 ) Lk
BB FUAE 5 2 I 3 50 N Triton XH00. Tween
80 FIH 2R, K 1¥ 18h, LL L 71X 3 Bl A xt 73 i
MIEHEAER - 21 87, Tween 80 [ ¥ 0 Xt H 5 &
1R W I AT I 6 i A2 2 4 A 5 Triton X400 1 H
SR A e A SO A HE H bR 81 o W OF HOH R
(AR 3284 H B 3 9 1 Triton XH00. [ 03 H &
1R Ry $5 A% RS 0 711

F1 FELFRMFA RN S ZE@HEN

Table 1 The influence of different chemical additives

on extracellular pullulanase production

Additive Concentration Extracellular
of additive /% activity/ (U/mL)

Control - 0.5

Triton X400 0. 05 1.5

Triton X400 0.1 2.9

Triton X400 0.3 3.6

Tween 80 0.5 0.6

Tween 80 1.5 0.9

Tween 80 3 1.1

Glycine 0.3 4

Glycine 0.75 5.2

Glycine 1.2 5.4
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(2) H &R M RN 7% 0 i ML) 5 4 1 43 b 1 5%
W) < Aoff ) T 4 ot 7 A 1 20 00 5 T RE (R AL
AR5 T T A0 M EE b IR SO0k 25 4 A8 Ak, A 40 i i
P BT o BN H R A K B T o 4
ST 7 L R N A i s Y Sy & I (EN S = g (DT DN
X T R B A K AT A T AT R s B
i) 1) g A4S PE AN H AR R A e A RAE S S I
I3 I H SRR 2 AN [ (1 280k B, DL i H 2 e 1
R R B 82T AN [R) IR S R A R AR R 6T 43 ik ) A2
HEVE S DA R T 2R 1) dpe G A R e ] 6-A
FIANS 75 N0. 04 mol /LH 20 B2 1 A2 1 73 Wh 1 4 T AH
TG 3 VR 1110, 08 mol /L K B vy ik 52 1) H 24 IR I 2
HE 53 WA RV B AR R 85, FLVA 0. 08 mol /L J¢ LA I
(0 H 2R » e 2 23 W i) BOR B e . R Sy — U7 I
2 TR P A R B Ry 6 TR AR AR K IR A0 A AR R B .
W2 0. 04 mol/L.0. 08 mol/LF10. 16 mol/Lf]
H 2R, K45 RN [ T AR 0Dy 53 91 4 1,941, 16
F10.67, %3 ) K % I 63.3% 38.7% Fl 22.3%
2 18 B H S B0 B A AR K S R, & S R A
7K i 5 2 e B20. 08 mol /LAE O T 2 IR 1) 5% £
A RE o I B AP BV I8 £5. 5 U/mL, & A A
IR 9.2 5.

FA s R LT 455 T S5 I AN R I 1) 2

Ik FE0. 08 mol /LH 2B M 52 M . tH &l 6B w41,
TE5F J5 190 h2 had oy s i H 20, ke 45 R
B, B AN S AR T . AR S S )58 hifs i H &R, i
MGG B AR T I Ak K T, 3 B I H =R 1 1 )
IE M2 R H R A W R . 50 h (R
75 50D A 0 H 2 R 0 M A i S A T 3L A K S
DR WP 3 6 5 S I i H AR .
2.4.2 BEERMT Na' gERX EAE S
SM: AW H ST Na™ (03 st H ks 8 A4k 5
WS m BT A S O NacCle 6-A R, W N
Na " XJ g 45 23 W — & R 4 L (AN R (1) Na ™
VNN BE R A g W B OK K R . JL s
0.2 mol /L Na™ (¥ Jfd 4 B 35 Wy T~ HARIK - & 6-
B U] &b 7, Na ™ 7% 0 B[] 6 e, {2 3F 23 Wb 1) 1 F B
990 KIBCEPEAETS 350 hifshn Na™ o 118 6B, 7
FES VSN Na® 0. 2 mol /L, & [ 45 o IS (1 i 41 il
IR 293,06 U/mL, s AN IR N 4 4% .

(A) ——0.04mol/L glycine —4&—0.08mol/L glycine —¥—0.1mol/L glycine
—8—(.13mol/L glycine —#—0.16mol/L glycine —°—0.1mol/L Na*
——(1.2mol/L. Na* —+—0.3mol/L. Na* ——0.3mol/L. Na*
——0.5mol/L Na* —— control

6 -

wh
1

Extracellular activity/(U/mL)
L
1

20

t/h

(B) —e—glycine Oh —&— glycine 2h —s— glycine 4h —»— glycine 8h
—0—Na"0h —&—Na"2h —— Na"4h —+—Na*8h —*—control

6 -

(5] gy wn
L 1 L

Extracellular activity/(U/mL)
|8

!

=

f==]

t/h

6 HEERM Na® AR RERE (A) F7R 0 iE (B) 34
RN E =AM

Fig. 6  The influence of final concentration (A) and addition time
(B) of glycineand Na* on extracellular pullulanase production. A:
The effect of different final concentration of glycine and Na® on
extracellular pullulanase production; B: The effect of addition time

of glycine and Na ™ on extracellular pullulanase production.

2.4.3 HEBRM Na' ESERMEHIBL LT
me s ph 3 2 R A Na ™ o) 520 Mg f A e W 3
B IR O AR D R e 4 4 P b O 1 B A 4%
TE 15 5 I 1)k 8 P[] B m X 0. 08 mol /L) H &
% F10. 2 mol /L) Na ™, Wi 5 41 I ¥i% 19 72 44 ith £
5500 0 I H S R Na* RS A o im0 12t 47 L

7 W1, H & R AN Na* [8] IS 0 A6 2508 W)
AT H R . AE P R B I H =R b B
22 hJ5 M 4 W 3% K 5.7 U/mL; i 5 I 5 0007
Na*, 5 & 10 M 48 B8 35 29 3.6 U/mL, 43 55 4 A 4
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Fig. 7 The influence of glycine and Na* addition
simultaneously and separately on extracellular pullulanase

production.
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Expression and secretion regulation of Bacillus
naganoensis pullulanase in recombinant Escherichia coli

Wei Yan, Yao Nie , Yan Xu'

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi
214122, China

Abstract: [Objective] To increase extracellular productivityof pullulanase, pullulanase gene from Bacillus naganoensis
JNB- was expressed in recombinant Escherichia coli, followed by optimizing induction conditions and applying chemical
additives. [Methods] We amplified pullulanase gene pul from B. naganoensis genome by PCR and constructed
recombinant E. coli BL21/pET20b-pul. Optimal induction conditions and additive parameters of glycine and Na™ were
determined by measuring the extracellular pullulanase activity. [Results] Pullulanase was expressed in E. coli with the
molecular weight of 119 kDa. Under optimal induction conditions, i. e. induction was initiated with 0. 4 mmol/L isopropyl
B-D- -Thiogalactopyranoside (IPTG) at 20°C when OD,, of bacteria culture reached 1.2, total pullulanase activity
including intracellular and extracellular enzyme reached 10. 8 U/mL. Addition of glycine and Na " enhanced the secretion
of pullulanase. With the supplementation of 0. 08 mol/L glycine and 0.2 mol/L Na", extracellular pullulanase activity
was increased up to 8.1 U/mL, 10.3 times of that without additives. [Conclusion] A promising resource of pullulanase
was achieved by construction of recombinant E. coli for industrial production of pullulanase, and additionally the efficient
regulation method with chemical additives was developed for pullulanase secretion, which would also be useful for high—
level extracellular production of recombinant enzymes.

Keywords: pullulanase, gene cloning and expression, induction conditions, optimization, chemical additives, secretion
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