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B OE: (B8] RSB B E AR CZW001 L B3s ik, [F k] £ H LXKk
A sk £, KA Plackett-Burman (P-B)iX it . Box-Behnken (B-B)iX it #=vf & & iX 32 1% +1
(RSM), f£20°C. pH8.0. 160 r/min X B 2d &# F, st LB A#TML. [£X]
%W PRI IE T BRI AR A (g/L): B AR 7.68, WAL 21.93, FLER4E 2.0, BEEA—A47 1.0,
FBRAE 0.27, RAK45 0.3, R4k 20.0, »Li%-80 1.0, HE & 5854 62.8 U/mL, FARALHT
R&T 31442, [k )@ dsd FAKE NS B 8 Ak CZWO001 X B4 3 RAMALFR R, 9 R4R
= KR g B B % ) .

X217 Bacillus thuringiensis, 1&:% 8 s B, & B, ik

Optimization of fermentation medium for low-temperature
lipase-producing strain CZW001
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Abstract: [Objective] Research on the fermentation medium to produce low-temperature li-
pase strain CZWO001. [Methods] Based on single factor test results, the liquid fermentation
medium for the production of cold-active lipase by CZW001 was optimized using Plack-
ett-Burman, Box-Behnken and response surface method under follow conditions: temperature
20 °C, pH 8.0, stirred velocity 160 r/min and fermentation time 2 d. [Results] The optimal
fermentation medium of the strain is as follows (g/L): glucose 7.68, olive oil 21.93, (NH4),SOy4
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2.0, KH,PO4 1.0, MgSO,4-7H,0 0.27, CaCl, 0.3, NaCl 20.0, Tween-80 1.0. Under these condi-
tions, the highest total enzyme activity (62.8 U/mL) was obtained and increased by 3.14 times

compared with the original value before optimization. [Conclusion] The study on optimizing

the fermentation medium to produce low-temperature lipase strain CZW001 obviously im-

proved the lipase enzyme activity at low temperature.

Keywords: Bacillus thuringiensis, Low-temperature lipase, Fermentation, Optimization
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AR H i —Es A H s, Tz AT sh .
TP & R R R A Y, i RS R
Z—M, M4E Msrgsin 250 S, AT LAE el
B R AE 30 °C Zedy, 18 0 °C ZEA/i —E
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ity S5 A Y, 38 H SR FH A - SR RS 43 R 1
Sge . AR TH RS, FHERER
RS MES L5, AEAS SR BT AN
ASORT 52 W PR - B A — o BRI, i HL s A
I, Plackett-Burman (P-B)iE 2—Fh LA SE 4
SF-fif b (Balanced incomplete blocks) A J5 H 1
Wit, B MARZ A Erh R A
RACHB T 18 1 S A R LA R, i
FRAUEEERES) 5 A LT i S 50 R 4 R TS SR A
It, Plackett-Burman & it7E ik % K+ THIfE
WA R, Wi B 9% (Response surface methodol-
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ogy, RSM)A R4, &4 J5 S it 4y,
X TLA R R FR AR A TR A A T, fERE
] MO A R R o PRI AR SCER ) P-B ik A
I T EE(RSM)XT T bR CZWO001 & I ks 35 5k A 7
b, LI ft

1 RS
1.1 =¥k

T4 AT CZWO001 vk F K | iR
B i (B JGE R BRI, P [ R s
O ft, B RS R TR RUE Y A T
FREARBEGE RO PR . 2N 107 Tk A AP TR Al 1077 T,
HIG R 25 °C,

12 BEHE

Luria-Bertani (LB)35 3% 5 (g/L): JHE#E 11
10, FERFEEHCY) 5, NaCl 10, Bifig 15, pH 7.0,
1x10° Pa KB 30 min,

RS FR A (g/L): AiAHE 5, (NH),S04 2,
KH,PO, 2, FeSO4 0.6, NaCl 20, MgSO,7H,0
0.4, #HE W (V/V) 20, Tween-80 2, pH 7.0,
1x10° Pa KH# 30 min,

FRFEAFERE@L: FRE 3, EHH
& 1, NaCl 5, 35l§ 18, pH 7.0, 1x10° Pa K
30 min,

1.3 FERABGIETENE 7%

fiti G X 7E pH 8.0, 25 °C &M F/EH
10 min, %5380 7 RSB 1 wmol AR AR
s g L
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B 3 mL 50 mmol/L #FRERZZ itk (pH 8.0)F1
1 mL G, B K TEIRRE S $E, 25 °C ik
5 min, fIlA 0.1 mL BEAWE, @434+ 10 min, 57
HImA 8 mL 2K, ZkZefiidt 2 min, £k, [A)
P AU R B TR o R B 2 g 0
4 000 r/min B0 10 min, AHUHFIKAHS B8
I EJZA PR 4 mL F/MERIR T, iTA 1 mL
WA, w0 14+E 3 min, 4 000 r/min 250> 10 min,
W25 A R R =i, oG BETHE
710 nm P OD {H .

2 HZRE59H

2.1 AREEEFER P-B (Plackett-Burman)i&it
2.1.1 P-B RAZEKFEREDIKIT: A& LIRN
il i 3% 1 RPN HE AR, PR KOF R 4ihid 3% 1,
K A AL N7 R Minitab 500458 52

212 P-B WitiFAEEFMEAR: HE 1 Al
Minitab #1153 P-B SC40 3, B4 EC )83 4>
SEATRE, 7E 20 °C. 160 r/min 51T &8 2 d,
AFERIN 3 YORSEIEES, B AR 3 A F
FTRERFIME, FmRifER R 2), #EmiH3] P-B

W2 R AT BN TAN (G- 3).

& 3 ATLUE M, A . mooh . siieek
LI PEE CZWO001 =i {5 BT 95%, k%]
BEKF,

22 ABEFENSERKREHARZEKND
[z B [X 13

EEXTETAIRE . MOBTIh . BRIREE 3 IR
JE AT B BE IS, 4 7 2 W RO RORYE Tih P vk 2
F PR B, BRIREE 1k B % AL /b LU=
PRI K Xl AR R L, g iR R an
FAFR, 2 AR, YA 0.75%, M
T 2.20%, BREREE 0.03%H BTG ik B i KAH, Ib)e
W FEARSL A RS AN BTRE . PTLALASE 2 5550
VERH DA SEE G R
2.3 A EREFRE AN fh E LI gt
2.3.1 B-B (Box-Behnken) 1 /0:4A & L35 i& it
i 97 T 2 M BE i = & =38 15 MR,
Horp 12 MRS, 3 AAE S, FRAL
BEA 3 WH TR . REAKERTT
W25, #RER] 2.1.2, 25503 6, FdE b R
HIgd 57 /1 Minitab 40458 .

£1 AEMKFEEIT

Table 1 Design of factors and levels

S K-
AN ] Factors Levels
Code 2%
Param%[ers ! H
A H%E Glucose (%) 0.25 0.50
B il 8% Ammonium sulfate (%) 0.10 0.20
C FEAUII Virtual items / /
D HEH Olive oil (%) 1.75 2.00
E %M:Q% 0.10 0.20
Potassium dihydrogen phosphate (%)

F HEFATI Virtual items / /
G HiFREE Magnesium sulfate (%) 0.03 0.04
H LSS Calcium chloride (%) 0.02 0.03
I FEAUII Virtual items / /
J ZAkEN Sodium chloride (%) 1.50 2.00
K Tween-80 (%) 0.10 0.20
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%2 N=12 i Plackett-Burman (P-B)3238 1% 1+ 5 i 7 (& 3=

Table 2 Experimental design and response of Plackett-Burman (N=12)

= y
Serif n?mber B © D E ® G H @ ! Enzyme j[i}iiﬁity (U/mL)

1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 39.0

2 1 -1 -1 -1 1 1 1 -1 1 1 -1 40.5

3 1 -1 1 -1 -1 -1 1 1 1 -1 1 40.0

4 -1 1 1 1 -1 1 1 -1 1 -1 -1 35.5

5 -1 1 -1 -1 -1 1 1 1 -1 1 1 31.0

6 1 -1 1 1 -1 1 -1 -1 -1 1 1 56.2

7 -1 -1 -1 1 1 1 -1 1 1 -1 1 42.8

8 1 1 -1 1 1 -1 1 -1 -1 -1 1 433

9 1 1 1 -1 1 1 -1 1 -1 -1 -1 37.1

10 -1 -1 1 1 1 -1 1 1 -1 1 -1 39.4

11 1 1 -1 1 -1 -1 -1 1 1 1 -1 51.4

12 -1 1 1 -1 1 -1 -1 -1 1 1 1 32.5

% 3 Plackett-Burman & 1189 & F ZE K K& S EMN

Table 3 Factor levels and effect estimates of Plackett-Burman design

1R RS LS e ¢fif Prober EE:
Code Factors (%) -1 +1 t value Importance
A H#HBE Glucose (%) 0.25 0.50 9.97 0.002 1
B e . 0.10 0.20 -5.59 0.011 4
Ammonium sulfate (%)
D T Olive oil (%) 1.75 2.00 10.01 0.002 2
e o
E ﬁ;’i@&fa!ﬂ?‘ 0.10 0.20 -3.61 0.036 5
Potassium dihydrogen phosphate (%)
G AR . 0.03 0.04 —6.05 0.009 3
Magnesium sulfate (%)
H %ﬂ?% . 0.02 0.03 -1.09 0.354 7
Calcium chloride (%)
J ’i(ﬂ?%l’\] . 1.50 2.00 2.74 0.071 6
Sodium chloride (%)
K Tween-80 (%) 0.10 0.20 0.60 0.592 8

Note: R?=98.97%; Adj R*=96.24%.

F4 EBEMREEIILITRRIWER

Table 4 Experimental design and the results of steepest ascent

e I L GRTi TR U530
Serial number Glucose (%) Olive oil (%) Magnesium sulfate (%) Enzyme activity (U/mL)

1 0.50 2.10 0.04 48.2

2 0.75 2.20 0.03 62.5

3 1.00 2.30 0.02 45.6

4 1.25 2.40 0.01 423
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Table S Design of factors and levels

K3
Ft%rs Lquezls

-1 0 +1

H%IHE Glucose 0.50 0.75 1.00

M Olive oil 2.10 2.20 2.30

TifREE Magnesium sulfate 0.02 0.03 0.04

% 6 N=15 1Y Box-Benhnken 3I&i% i+ 5 a5 E R

Table 6 Experimental design and response of Box-Benhnken (/V=15)

HEHE L GURTH e o
5 Glucose (g/L) Olive oil (g/L) Magnesium sulfate (g/L) Rl
Serial number X Code X; X5 Code X, X; Code X; Leivegiats ety (O
1 7.5 0 D7) 0 0.3 0 62.9
2 7.5 0 23 1 0.4 1 46.5
3 5.0 -1 21 -1 0.3 0 43.4
4 7.5 0 21 -1 0.2 =l 54.4
5 7.5 0 D7) 0.3 0 62.2
6 5.0 -1 22 0 0.2 -1 53.6
7 7.5 0 21 -1 0.4 1 38.0
8 10.0 1 22 0.2 -1 51.6
9 5.0 -1 22 0 0.4 1 44.4
10 7.5 0 23 1 0.2 =l 44.5
11 10.0 1 21 -1 0.3 0 53.2
12 10.0 1 23 1 0.3 0 45.0
13 7.5 0 D7) 0 0.3 0 62.1
14 5.0 -1 23 1 0.3 0 53.4
15 10.0 1 22 0 0.4 1 51.0

232 ZREVABIESHFES: 7E 20 °C.
pH 8.0, 160 r/min 54 &% 2 d. iz H Minitab
A XTI A T T A AT, A5 e R
Y=62.4+0.75X,+0.05X,—3.03X;—4.68X,°—
8.96X,"~7.58 X4 55X, Xp+2.15X, X5 +4.6 X2X5 .
HEAT S SRR IS R T 25530, WL 7 RIER 8.
MR 7 BE PRI A 0T LA H 6 PR X6 i Rz
E R SEI AN B IR R, =R Z AL H
VK, BIAB TR R=99.29%, £
WA RN AR B R AT, i T & SR 8

W 5 2540 BT 45 v UGB, R ) AR BT
0.100>0.05, FKIIKHLIA R, BRFRE, IR
HuFEAT T

2.3.3 Mo S5 Afre MR A e Tk e A R 2
M 7 7 B LA R 2R R, UV R A L A
TR B S 22 BLAE FIR i (52w (18] 1-6)
T T 7 TET T v [ T 46 1 2k R R S 6] 52 HLAE
FENTE N R i S e |
LHAEM R
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x7 EERKEZMERE

Table 7 Regression coefficients and their significance of the quadratic model

ARt ES i PrifELR tfH

Variable coefficient Coefficient estimation Standard error t value Prob>t
X 0.750 0 0.373 7 2.007 0.101

X, 0.050 0 0.373 7 0.134 0.899

X; -3.0250 0.373 7 —8.096 0.000

XX —4.6750 0.550 0 —8.500 0.000

XX, —8.9750 0.550 0 -16.318 0.000

XX =7.5750 0.550 0 —13.772 0.000

XX, —4.550 0 0.528 4 —8.610 0.000

XX 2.1500 0.528 4 4.069 0.010

XX 4.600 0 0.528 4 8.705 0.000

Note: R?=99.29%; Adj R*=98.02%.

*8 [ERAREMAESHR

Table 8 Variance analysis for regression equation

VEERE Fl ST it £y Fi
Variance source  Degrees of freedom Adjustment sum of squares  Adjustment mean square F value

J
s . 9 782.679 86.964 77.86 0.000
Regression
%ﬁ 3 77.725 25.908 23.19 0.002
Linear
o 3 519.014 173.005 154.88 0.000
Square
xﬁ{’ﬁ}? 3 185.940 61.980 55.49 0.000
Interaction
RERE 5 5.585 1117
Residual error
R . 3 5.205 1.735 9.13 0.100
Loss of quasi
Sl
e 2 0.380 0.190
Pure error
P
it 14 788.264
Total

A MONE I AR IR B S e it T BUOLARIEI (R 7), 1AL 7 R AT R R R X I Y

V] 1 48 e £ e i . T ] DA L R W L RORSE vek AT
T R B VAR 5 il ™ e 7 S 3 A DG A 7
W55 ORI 22 BATE R e il o A 0, B TR
B 55 RO v 22 ELAE RS e g ORI Z, A
2 W 5 1 R B A2 B 5% W g 7 B A HL R )
ENTE N

234 mMMEHHBHESIIE: H Minitab X415

http://journals.im.ac.cn/wswxtbcn

SHRESEE, BNE KRS R 62.7 U/mL BT
XN R A0 . RO . BRI S (B 53
W4 0.070 7, —0.070 7, —0.211 7, HHELmAd(E 551
PRIEIC R, A5 3 R r vk N A 0.768%,
WS 2.193%, BREREE 0.028%. S 3 P14 i
ik 62.8 UmL, SEIETHMVIA RAF, R
JFH e 5 T P A A B I e AR A M T S
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Fig. 1 The response surface plot for the effects of glu-

n the enzyme activity

Enzyme activity (U/mL)
1.0
52.5
3 %
0.5 / Q]
:.—‘5
o
Z 0.0 \
o 57.5

05y
%
o 47.9750.0 ~55.0 ,
210 -0.5 0.0 0.5
Glucose

B2 BAEESESHREZNEENESL%E

Fig. 2 The corresponding contour plot for the effects of

glucose and olive oil on the enzyme activity
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Fig. 3 The response surface plot for the effects of
magnesium sulfate and olive oil on the enzyme activity
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Fig. 4 The corresponding contour plot for the effects of
magnesium sulfate and olive oil on the enzyme activity
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Fig. 5 The response surface plot for the effects of glu-
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Fig. 7 Optimal graph about glucose and PV A-olive oil and magnesium sulfate
3 s JEHH R 2 d, BEHE N 62.8 U/mL, 5 Galactomyces

PLFR =4 2R MOAFE CZWO001 4 HIOE, 7E5
K2 KAl [, R Plackett-Burman (P-B)iXiT .
Box-Behnken (B-B) % iI* fl Response surface
method (RSM)i& X5 7= AL AL EA T 0F 5T, 159
P ERE IR B (g/L): Hi%ghE 7.68, MBI 21.93,
WIRE 2.0, BER M 1.0, BifREE 0.27, #ik
B5 0.3, EAka 20.0, iHiR-80 1.0, Ho EEES
ik 62.8 U/mL, ARALETEE S T 1Y 3.14 £i%,

Bk CZW001 7£ 0 °C A K, Fadd:KiEE
N 20 °C, KIIKTHEMR N IE ST . UiE 4 55 2P
1 Galactomyces geotrichum Y25, y=Hgs44kAk
Je, KB 101.95 h, BEE A 34.65 U/mL; [k
W SV 1 Aspergillus sp. FO44, 5o il 30 °C,
JE K 72 h, BEIEH 32.15 U/mL; 43555005545
Pseudomonas sp. YT34-8, FidkiliE >k 30 °C, JA
Wik 48 h, WG A 7.833 U/mL; skl
Pseudomonas sp. 26-2, Faiki R 30 °C, M
Jy 15.5 U/mL, Fkk CZW001 & E N 25 °C,
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geotrichum Y25 | Aspergillus sp. F044") |
Pseudomonas sp. YT34-8"VF Pseudomonas sp.
26-2U" KA L, BAT AR | & T SR 351 N I
S, PIIGIZE R R . 205 At
VRGN . A HLE BUL S B 2 S U T 1
FHRTS o

2 % X #

[1] Qu YT, Schmidt-Dannert C, Schmid RD. High-level

expression of a lipase from  Bacillus
thermocatenulatus BT L2 in Pichia pastoris and
some properties of the recombinant lipase[J].
Protein Expression and Purification, 2003, 28(1):

102—-110.

[2] MREE, SRR, A RER . A% AR W IR A I P
W5 FHLEII]. B SR, 2003, 15(1): 75-82.

[3] Rashid N, Shimada Y, Ezaki S, et al.
Low-temperature lipase from psychrotrophic
Pseudomonas sp. strain KB700A[J]. Applied and
Environmental 2001,  67(9):

4064—4069.

Microbiology,



THEMS: PURAE DB CZWO001 & BER: 3= 500 (LB 5 1549

[4] Han-Ki L, Min-Jung A. Purification and [8] E&H, HE, EaH. Galactomyces geotrichum

characterization of cold active lipase from . .
e ve p Y2577 Ji5 Wi W 2k A B9 e A [J]. A om ik AR
Psychrotrophic aeromonas sp. LPB 4[J]. The

Journal of Microbiology, 2003, 41(1): 22-27. 2007, 5(2): 46-51.

[5] mifssh, &8, B, . R P e i (91 PR, #7iTRE, XI& P4, 5. ma R i ik dRo e ik
B AR P R R I]. AW E iR, 1997, & Aspergillus sp. FO447™ Ji s i 15 37 25 1 (1]
24(3): 152-155 Tl 4 ¥, 2007, 37(1): 47-52.

[6] Pereira MG, Mudge SM. Cleaning oiled shores:
laboratory experiments testing the potential use of

[10] ARB, Bzt RN i M 1 ik B 2

vegetable oil biodiesels[J]. Chemosphere, 2004, AR RALLT]. BIAEAOI R, 2006, 45(5):
54(3): 297-304. 662—665.

[7] Sambrook J, Frish EF, Maniatis T. Molecular [11] 4, BTkl Jhfest, 25 IS Wi A& i
Cloning: A laboratory Manual[M]. Second Edition. e e o P §
New York: Cold Spring Harbor Laboratory Press, i R SHGTRERIFLAL L), OB, 2007,

1989: 908. 17(1): 23-26.

R oY oY SR Y SR Y R RY Y R RY SR R RY R R RY R R RY R R RY RY R RY R Y RY R SR RY RY SR Y R SR R R SR R R R R RY R R RY R R RY RY R RY R R Y

FIC 5 SR XYRS E R

B HERRA TR ZR A2 —, 5 W AR )2 SR S = BT 50 B 7 R A
PERE, HNARECRPFER, WA IEh, e, Na /s A TAENEMILGR. Wi, /&
TR Z A0 B, — D U O B R S B o A L A A R T
o FGERRET K& ITE, TELEE 0 P © A BORHEERN b 32 Hh s A A a3, B4
PRI ATERRSBE, IRARI LRI A B, eI R AT MRt T, RIS, 4RI &
PRI BAT R MR B E AL S Ah, AR QAT IR DI AR SCRR RN G 1E D712, HiLA
R, ZWmA DIk, s 2% BN A — D am . BB RIAR,

2R UL 2 . (1) FRTIZORIEF BRI FEIESCATS B EZARE M, R AT
YE(E R SCE)VELR PRI (2) TR L8 5405 IR ST % £ 2R 5 4F NS EQ
KFRBIBITEIRSC, 51 SCHRECE A PR

http://journals.im.ac.cn/wswxtbcn



