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201306)

A5 K F v BT ik (RSM) F B M3 7 2F 74T H (Bacillus sp.)N11-8 7&Kk & B 7= & A B

PBN11-8 g & B 5 AR BEAT Pt fh b o 18 3 5 (R 3K 525047 2F # € 9 AR 3 v 3F F0AT B N11-8 = & A B 1Y
BRI A EIR 2 A A T A I fn & A fR s P 3T Plackett-Burman(PB)iX it Xt v P B AH X A
FIATIAL, HRAHEAEERNNIANAER: BE. QFMHRE; UREREEZHELE FRARE
F o K R K IR, BETTRA RSM & X R EAFREHATHR, BERMRELEY: THEMEE
W 3gL, EAkk13.1g/L, BEER29g/L, NaCl5 g/L, KH,PO, 1 g/L, FeCl;-6H,0 2 mmol/L,

A4h pHE K 7.0, B A 34.0°C, %3 % 200 r/min, ¥KE 4 50 ml250 ml, B E X 4%, ik
1A 60 he & 2tk b )5 B B 7 A 2] 90.5 U/ml, H AT 4B E#E T 23.6%.

KA

thESERE S917.1  SCHEkERINED A

B K A 25 1 TIREE A — 2R B A0 R, 72 3h
Y A A A . PR R AR RUE SRS E
BALFEAN TR | R R O R S (R AR IR SR, 2015), &K
P A 2 2 S 3 22 FH IR 7O IS5 S 0, Rl s
TEVRIT MRERIE . THAL RGP . RIE . ZEPELF4ifL .
P S % s R AR R e S R e 7 TE A BT R
(Gomis-Ruth et al, 2003), HTHj, fEE . VEGEHA . 1k
M it K AT e 988 245 400 S5 RN 1 AL BRAE 5% 45 UL A
WM A, 2002), &5 Rik, B RPIEIE
YRR Al R A /DR IE (Weildle et al, 2014; Z2H]JF
4 2017),

ZEHUFT I (Bacillus sp.)N11-8 [ i 2 /K

FRATHE; & A8 ; Plackett-Burman % 1t; ¥ b %
XEHRS 2095-9869(2018)06-0155-09

Iy 853515 (Zheng et al, 2016), H: AT/~ [ F PBN11-8
LA 3 B 0 I S O 22 4045, 2015), MG H =
(P L, 6 2EAOAT I N11-8 (35 7R 3L 545 95 S ik
T3Pk o Ak S 56 SR FH F 28 S 30 sl e 1 1 S 3, L
1E A8 2B o — e s b B 2 R R AR AR I B i, R
B 43 S 56 AR 4 T SE 50 (fT 4755, 20115 2L R 4E,
2016) . M o7 T 425 A2 SR FHAPL R 28 i) o7 L 22 ] 1) i 4
KR, KB 75 m WA G R LM T2 3480
ik, E ARG EREE, 2009), M N kB B
FIEACSLHy, BA LR WED | I KSR =
R, AP RO 2 T R G R RE R A,
2009; EPESE, 2015), AR5 5 R R ik 61T AT

orp E KRR ST BE A A B 55 2% (2014B01YQO 1) Il 43 44 B & e 113 5 H (2014GSF121016) 3k 7] %t B[ This
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AL, iz e T S AR, IR B AL BRERIE,
SEST IR G RIIRAAAE, IR = 2 RS T o

1 M5
1.1

111 HEAk5EA FAFE N11-8 HmlRZE
37K 7> B3 3K715 (Zheng et al, 2016), ND }5 5 (4 N
0.3%, M 1%, NaCl 0.5%, pH 7); [E{A ND k5
FRIFRF 0.3%, EHAMR 1%, NaCl 0.5%, Hiflg 2%,
pH 7)s

112 FHRA HIAIRE . Folin-1} . % 2 % (1
R G R A R, AR BUE), W]
YETER ISk TP P Ak 1), BERHIR K (JEE Oxoid
NEIDE

12 A&

121 EQiEhn e ¥ H Folin- v Il 7 /&
F BT 7, BART 2% B 50 ME GB/T 23527-2009,
RZTHBHRAE 30°C . pH 8 &£ F/AKMIEEN, &0
BPREEL 1 pg %R T RO SO 1 A B
(MR, 2017),

122 ¥FHEFZER  EEBRIRILIER L, HAi
SRAFANAE | MRUR I 22 AN TR BRI | AN ] R0 L i Y e
RIRHE | BERRER M . NaCl ¥ . A4 RE T
SEE TR . e, ., Rl IREAY G
pH T B R 7= il 1O Tl 06 520 (55 72248, 2015; 5KPHAE,
2011; BRIEPESE, 2010),

1.2.3 @ 5 @ AEAL %5 Plackett-Burman(PB)3Z
552 I E AR (016)FIE B BESE(2014), 7EHI R
U ek IR b, v 7 AN Al R KR Y R T
(TR PETERT B R . BEREZ B . NaCl, FeCly-6H,0 .
KH,PO,), &1t PB LH(ER 1. 3% 2), #F—iiith
3AREMMAE T fBEICH ARG PB S 45
W, DA, B . Y B R R it
AT, By AR L P A R Z A Bk T E R
(3 g/L).NaCl (5 g/L) .FeCl;-6H,0 (2 mmol/L) ,KH,PO,
(1 g/L), ZEW(50 ml), #53#(200 r/min), K7FEHT ]
(60 h)(F 4). 04 A S50 7050l LAEE RIS in & . 8%
RS I AL S AR R, AR G Y G R dE
FREAT A K TSR (R 5. % 6).

1.3 HBEFHITS LW

K Design-Expert #X{f(Version 7.0 Stat-Ease
Inc., USA)X Ml [ [ 552 4675 3] 1) 5 0 2047 4 Pk [l A
T 22 e B R F I FOE B

(P<0.05), FrfisciemE 3 Wk, 455U FBERES
TR,

2 HRESH

21 BEZEIE

211 RRE# . FORAF AT E N11-8 &K X B 64 %
") M 1a FTLAKRBE, YR EVER AR AT,
PR R o PRIUL, B R S O B TR TS E R o
il 1) A B 1 57 3] i A g BELAED 1) 4 ) #) 28 BH 55 5
PR B B KA 5 W 6T 4 TR 1Y) 2 il ™ i A BH i
I, FESe e AR A S0 0 R, o8 FRATOpY
W B TR F S ik (BR 424, 2003), & 1b W,
FESLIR BRI 7 AR, R AR EA SR e S )
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Fig.1 Effects of different carbon and nitrogen source on the
production of protease by Bacillussp. N11-8

21.2 RE# . FORK T F AT E N11-8 iRk K B
#) % v Kl 2a Whos, Bl AT DE v B B AN
Hom, FeEGEEE LT A ETEMIRESE] 3 g/L
BF, e R B e E o BRI, T R R B R
3 g/Lo M 2b ATUIAIR, BEAE 8 H MR EE 3,
FEE AN, R PRIR IR B 15 ¢/L B, U
Ik EI R A, WL, EAHREERER 15 ¢/L. M
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Fig.2 Effects of different concentrations of soluble starch, peptone and yeast extract on the production
of protease by Bacillus sp. N11-8
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Fig.3 Effects of different concentration of KH,PO, or NaCl
on the production of protease by Bacillus sp. N11-8
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R Fe Xof Ml 16 Lt VE ot o Fe o) G A1 a0

IEF Fe’™, Ca™ . AP'. Mn> X% B A — & 112

HEVEFS, i Mg, Cu®'. Zn® X B FR A A ] AR RE Y
MRIPER, Jodt zZo® L T il 2 R e 200G . Bl
FE R FeP MR RBEIN, FEEE ORI N, ik F
2 mmol/L i}, F= g i = (K] 4b), Hlks 3238 v B as in
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Fig.4 Effects of metal ion on the production of
protease by Bacillus sp. N11-8

215 BN BLHERSBAFAAFE NII-8 RIKKBE
% Kl Sa on, HERMEAE 4%, PR A
. I, SRR 4%, MK sb aTLIE T, Bk
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Fig.5 Effects of initial inoculum and culture volume on
the production of protease by Bacillus sp. N11-8
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Fig.6 Effects of rotational speed and temperature on the
production of protease by Bacillus sp. N11-8
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% 1 Plackett-Burman 218 EF 7k F
Tab.l The level of factors in Plackett-Burman assay

R ¥ fERAE(=1) mKF-(1)
Code Factor Low level High level
A TREERER 1.0 5.0
Soluble starch (g/L)
B #EJk Peptone (g/L) 10.0 20.0
C  BEREH) Yeast extract (g/L) 1.0 5.0
D {4 NaCl (g/L) 2.0 10.0
I =t U2 o 1.0
FeCl;-6H,0 (mmol/L) ' '
F @R 45 KH,PO, (g/L) 0.5 2.0
G JEJE Temperature (C) 30.0 40.0




RARASE: WG PEZERUFT T N11-8 =85 () & B A5 1Ak 159

# 2 Plackett-Burman 238 ik F B &M FE &
Tab.2 Screening of main influence factors in Plackett-Burman

W EteiEn RO mRR  mem 0 wmoam owe (W
Number Soluble starch  Peptone Yeast extract NaCl Feél3~6H20 KH,PO, Temperature activityy(U /ml)
1 1 -1 -1 -1 -1 1 1 78.1
2 1 -1 1 -1 1 1 -1 86.8
3 -1 1 -1 -1 1 1 1 79.8
4 -1 1 1 -1 1 -1 -1 80.2
5 -1 -1 -1 1 1 -1 1 78.7
6 -1 -1 -1 -1 -1 -1 -1 85.4
7 -1 1 1 1 -1 1 1 82.3
8 1 -1 1 1 1 -1 1 86.8
9 1 1 1 -1 -1 -1 1 78.6
10 1 1 -1 1 -1 -1 -1 81.8
11 -1 -1 1 1 -1 1 -1 88.8
12 1 1 -1 1 1 1 -1 80.9

% 3 Plackett-Burman L3453t 94
Tab.3 Statistical analysis of the Plackett-Burman assay

Code Factor Contribution F P Signific-
value ance
A TR 126 1.23 0.330
Soluble starch
B MK Peptone 20.01 19.57 0.012 *
NERTIAY
C %ﬁf% t 1744 17.06 0015  *
cast extrac
D G NaCl 8.46  8.27 0.045 *
[N I\ A
E ;ﬁiﬁ‘ii;f§4t%* 282 275 0.172
cLl3-0H,
s
p o ORRR A 047  0.46 0.537
KH,PO,

G iRJ¥ Temperature 18.50 18.09 0.013 *

*: 225 10 3 (P<0.05)

*: Significant differences (P<0.05)
222 FJRIRMEER  HE PB LRSI
A, UEENR . BERERRy . Iy T2 R Bt
S, BRI I7 8 RS a5 Rk 4 s o AR,
55 4 21 S0 B S B, X UL R A0 R TSR
4 K
223 PO KEAHTRE R ERMLAKTF DL
BEME I 5206 () e 2 55 4 41 Ry vy, SR FH ik [l I i
Hrhodaiot, #-PiE Rk B R
JEE T B R R0 o HAR BT RIS R IR 5 A
# 6.

x4 EBBEREBERITHFERKKLE
Tab.4 Experimental design and results of steepest ascent
and corresponding results

pon AR REEEE R ki
% Enzyme
Peptone  Yeast extract Temperature 7
Number (g/L) (e/l) (C) activity
& & (U/ml)

1 7.5 1.0 20.0 2.0

2 10.0 1.5 25.0 3.6

3 12.5 2.0 30.0 73.6

4 15.0 2.5 35.0 86.2

5 17.5 3.0 40.0 74.5

6 20.0 3.5 45.0 72.4

#=5 HILHEEEZRSKE
Tab.5 Factors and coded values of central
composite test design

5ES IKF Level (a=1.7)
Factor -1.7 -1 0 1 1.7
A ZFE I Peptone (g/L) 6.5 10.0 15.0 20.0 235

B R
Yeast extract (g/L)
C i Temperature (‘C)

09 15 25 35 42

26.5 30.0 35.0 40.0 435

H Design-Expert V 8.0.6 XJ S gn 4k #ig i 171 22 1l =X
[FH 58T, P<0.0001 & IR gy, [RR, 2%
AT P=0.0970>0.05 KNz AR A B3, FIt,
UMREAEN . BAN, HER R=0.9714, EHZ
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Tab.6 Experimental design and the results of central composite test

W EE TR Ky R it o) EE WERER A S Tt
Number Peptone east Temperature .Epzyme Number  Peptone Yeast Temperature .Epzyme
extract activity (U/ml) extract activity (U/ml)

1 0 1.68 0 78.2 11 1.68 0 0 62.6

2 0 0 0 91.7 12 -1 -1 1 60.6

3 1 -1 1 70.2 13 0 0 1.68 59.8

4 -1 1 1 76.1 14 —-1.68 0 0 76.5

5 1 1 1 62.1 15 -1 1 -1 80.6

6 1 -1 -1 72.5 16 0 0 —-1.68 72.1

7 0 0 0 91.9 17 0 0 89.1

8 0 0 0 88.3 18 0 0 0 88.2

9 1 1 -1 65.4 19 -1 -1 -1 70.2

10 0 0 0 88.5 20 0 —-1.68 0 65.6
F7 WREERSESH
Tab.7 Variance analysis of the response surface model
IS S5 A Yo7 2% F P& T i

Sources of variation Sum of squares Degree of freedom  Mean squares F-value P-value Significance
F7 Model 2269.5 9 252.17 37.71 <0.0001 ok
A-%E 1 [k Peptone 21.16 1 121.16 18.12 0.0017 ok
B-fi#H} 2 #) Yeast extract 74.47 1 74.47 11.14 0.0075 *
C-#i ¥ Temperature 119.43 1 119.43 17.86 0.0018 ok
AB 211.15 1 211.15 31.58 0.0002 ok
AC 9.03 1 9.03 1.35 0.2722
BC 2.10 1 2.10 0.31 0.5874
A? 648.90 1 648.90 97.04 < 0.0001 Ak
B’ 498.15 1 498.15 74.50 <0.0001 HoEk
c? 918.41 1 918.41 137.35 <0.0001 Ak
5% 7% {H Residual 66.87 10 6.69
P Loss of quasi item 52.06 5 10.41 3.52 0.0970  Not significant
4lii% 7= Pure error 14.81 5 2.96
JB7F 5 Total variation 2336.38 19

1 R*=97.14%, Adj.R*=94.56%. P<0.05 2 WA A fp & TR LAY % . 25578 3 (P<0.05), ** . 22 B 55 [ 3 (P<0.01),

oy 22 R 2 (P<0.001)

Note: R*=97.14%, Adj.R*=94.56%. P<0.05 showed all factors in the model are significant. *: Significant differences
(P<0.05), **: Highly significant differences (P<0.01), ***: Extremely significant differences (P<0.001)

RS TR 8 5 - b ) it R TR AR T i A8 A . DA B S
()RR, EEPRA) . BEERHR B (B)FIREE(C)h A
s, g PIE R

TS Y=89.56-2.98A+2.34B-2.96C-5.14AB+1.06AC+
0.51BC-6.71A’-5.88B>~7.98C>

MR - TAT A 5 2 22 ol o 2 TR 0 AT D L A e R A
(&1 8), ELHZ S T 4% PR 28 X il % 1 52

JHl Design-Expert V8.0.6 5., X[l 705 sk —
B O S 250, A BB AR (B A o B Y B RV R
13.1 g/L. BERHZRBMRIE N 2.9 g/L. IRJE N 34°CHY,

fitg 16 1 de K, HEHR(E A 90.8 U/ml,

224 BIEFEI DA A e 7 TR 4 B A 38 1Y) e A
WA S IR AT, #6073 IREEE, SR &
SEHA S 4 90.5 U/ml, AP (E 90.8 U/ml FEA —%K,
TR IUA BEARGY, B0 UE T LAY ) IE A M

3 it

ARBIF 5 38 Ao B PR 2R 3 AR 07 T 9 ) ok R AR
JEHEIK I — R TETE 27 AT 1/ N 11-8 7= 52 H i PBN11-8
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Fig.8 The influence of three factors on the response value of enzyme activity

()35 35 A RS 25 45 AR itE AT T Ak, IR SE8e e
B Design-Expert HES7AHN BAREA 20K 50 1E
AR BN RE | BEAS A I M U 5 LA e e
B AT 2 T A5 o K5 i = il ek 11%) X PR 28 T A
YERSEATHT G, B2 T UARTIEETER 3 g/L)A
IR, HAMRA3.1 g/LMERHZ (2.9 gLy E A A
P8, Fe’'(2 mmol/L)y N4 @&, ¥tk pH{E N 7.0,
FH NaCl(5 g/L)JH £h 1, 250 ml = MA#i%E % 50 ml,
MRl 4%, 34°C . 200 r/min KGR 60 h, 4
DAk WS 153 90.5 U/ml, FeRIIEHEE 73.2 U/ml
ET 23.6%.
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Optimization of Fermentation Conditions of Bacillus sp. N11-8 on the
Production of Protease PBN11-8

ZHU Xiangjie'?, WANG Zhen'?, YUAN Zhixin', HAO Jianhua', ZHENG Lanhong'"

(1. Key Laboratory of Sustainable Development of Polar Fishery, Ministry of Agriculture and Rural Affairs,
Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract In this study, we optimized fermentation conditions to increase the production of PBN11-8
by Bacillus sp. N11-8. Response surface methodology (RSM) is a generally available method used to
optimize the fermentation conditions of proteases, by fitting factors function relation between response
value. The optimal carbon and nitrogen sources for protease production by Bacillus sp. N11-8 were starch
and peptone respectively, which were verified in single-factor experiments. Other optimal fermentation
conditions were determined as follows: temperature 35°C, incubation time 60 h, rotational speed
200 r/min, pH 7, initial inoculums 4%, culture volume 50 ml in a 250 ml shake flask, and starch, peptone,
yeast extract, NaCl, KH,POy, and metal ions (Fe’") concentrations of 3 g/L, 15 g/L, 2.5 g/L, 5.0 g/L,
1.0 g/L, and 2.0 mmol/L, respectively. The Plackett-Burman design (PB) method was used to evaluate
factors affecting protease production by Bacillus sp. N11-8, and three significant factors were identified:
temperature, peptone, and yeast extract. Next, we used the steepest ascent design to approach the
maximum response area of the three factors. Furthermore, the best scope of fermentation conditions was
studied using a central composite test design, which is a type of RSM. Finally, through analysis of
variance for the RSM, we obtained a regression equation and calculated the theoretical optimal
fermentation conditions as follows: 3 g/L of soluble starch, 13.1 g/L of peptone, 2.9 g/L of yeast extract,
5 g/L of NaCl, 1 g/L of KH,PO,, 2 mmol/L of Fe*”, pH 7.0, temperature 34°C, rotational speed 200 r/min,
culture volume 50 ml/250 ml, initial inoculums of 4%, incubation time 60 h. Under the optimized
fermentation conditions, the theoretical enzyme activity reached 90.8 U/ml, and in the verification test,
enzyme activity reached 90.5 U/ml, which increased 23.6% of the initial enzyme activity.

Key words Bacillus sp.; Protease; Plackett-Burman design; RSM
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