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FEARBEFEEE R K Y S1069 MBS 1L

FAEE O mAAel AT R @
(1 AW TR SR R E RS R TEHM TRECRRE b EKG R0 5 e o
KB T Tk 2660715 2. BiEAERFEMER L 201306)

WE AIRERENARERTE, RALREEZLE g E Ly %, HEaQR., %F. Tl
hoBEME. RRE. NayCOs, KBIRE , KB E S ANEEE, 75 KRN FHATE YS1069
Wy R B R R A R B A AT TR 5 B B 5, 40 25 g/l 3k 40 g/L .NaNO; 0.9 g/L .K,HPO,
3 g/L. MgSO,7H,0 0.6 g/L, & 4%, %K E 30 ml/250 ml(v/v), Na,CO; Fin&E 18 gL, H
MJE30°C ., FrARETIE 96 h B, BEE Mk | & . P AT Plackett-Burman 1% 1Tt 8 e A R M B R E
Hy 8 N EEHFIATIFN, #E NayCOs WKL . %k ik JE fn MgSO4 TH,O WK E & % h =B & iy 3 4
FERE, FAAFOA AT & Design-Expert 8.05 B 1047, H%EF T EEHFHEXWN &ML, B
Na,CO3 WK 21.86 g/L. % F Kk E 51.41 g/L. MgSO,47TH,0 ¥ E 0.59 g/L, 5236 A B % M 1 & %

TSRS T 5 .
KA

hESEES S932 EIFRIREE A

KRBT - e Z 00 EZ Y, Has s oK
TFHREE, RAKRRTENFEH T HAREZ —
(CREIEE, 2012) ARBEMESEH D-ARBELL B-1,4-
R B3 B T (AR TS 55, 2014), PN TI-B-1,4- A S b
Jilg FE T AR B 55, v] LK HOK A A IR A B (Beg
et al, 2001), fRAME— MR 2-7 DAKETR LA AL,
EENEGIEN SRR 25 W AR, 86E M R
B, ARG 1R, 2007). HAk, KR
AR WEBEA R R R L L =g LA FOBE R 19 & %
AT LU A, JRIT TS (PMVBSE, 2014). ARERBE
ity th 4 )3z o L . i AR B A T

FER RBE A YR IR AR R, AR
(RIFERRAE, 2014; FNIAHTAE, 2013) LR A (R 1245,
2012), FHHETIESRZ, 2007; FBUT, 2014) K B HE(Liu
etal, 1999; BhiM:AE, 2014), SRIFA R (Y A MG ) il
MR 2E SRR . B R R 2 et H R

FRATHE, KRN, wALH, KBAE R
XEHS 2095-9869(2016)03-0154-06

SEVEARE(Shi et al, 2012), ZHE B BB Z H h
P e B P HL B A B4 A b v A PR e 1 o ASBIFSE
Xt 43 B 1 T VA SR 1) — e 7 R SR i 1 2 AT B
PR, RAEES % 0= a2015), Mt
SE(2014)IBIFGE 5, A SR Al 7 12 35 B 48 = K F o

1 MRIERFE
1.1 Bk

ZEFIAT R YS1069 H H K P BR 4 AF 5% B v 1 7K
PRSI PR ) IR S T TR AT AL
12 BEFEREFREH
121 3A4A PRIk Wk 10 gL, AN
5g/L, BEREE 5 g/L, K,HPO, 1 /L, MgSO,-7H0 0.2 g/L,

NaCl 50 g/L, Na,CO; 10 g/L. J&hit & et 353t . £k
40 g/L, =K 20 g/L, Nay,CO;12 g/L,
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122 EHE&M4 BEARAT A AR T P Fh 422 0 AR Tl
FEFF ) 30°C . 200 r/min 3535 22 h, P 4%
PR A R NS R R 3R 3, 30°C | 230 t/min
Ki9% 96 h,

1.3 FHik

131 BEEbeym e ik KRR O(10000 X g,
15 min)J5 , LiE WA pH=8.0. 50 mmol/L [
Na,HPO,-NaH,PO,(PBS)Z& Ml M #5 B, R 3,5-—
il HE 7K A7 R (DNS ) 32 0 7 AR 2R il il 0% M (9 F R 48,
2008): fEHLAEHHIA 0.4 ml ] pH=8.0 [ PBS £
MR A 1% AR M (Sigma A F)DIER, BT 55
COKIBH I 10 min, FIIARBEBE 0.1 ml, 55°C
KRN 30 ming FHOKRENZE AL, A 1.5 ml
DNS, i 15 min, MIZEEKERZE 10 ml, FHE
S BE B 5 SV Y ODuog mms  LAACHH MG B2 F1 ODagy
HIEAREM 2, 76 pH=8.0. 55CR M &MT, LI%
JINEF AR SRE K A AR SR A2 1 mg AW i 5 1Y) il
IE SO 1A 1A,

132 #RFFHE  MRIERNELERITEE, 7
HoAl & BE SR ANEHTHE T, ARIRBEAE . BT
TobLER . B E . e . R4S pH. RERREMA
PR FsF () % BT = Bl R S ), B S SR E IR, RRIR
W3 AFAT, RS R I PR, T8 s AL
I (R A (R TP 45 DR 2556 1 ok R 7 B ) 52
133 rap@ % FERRRSLEIEA R
Plackett-Burman SZ30 350 T AT HR 2 A SE 56 15 1T R BE
DA 2 T 2 T P T %) Tt 0% e B 5 Sy o 37 (L
Y1(U/ml), BAEWEE WK, Kk 3T, &
A B E I R, B A B I, A A
Design-Expert 8.05 xS 4 44 S 47 i 17 T[] U5
O3HT, 554 TR R 1) F2 R8N AN 3E BN X T A e AR R
WEBGRI S, DASRAR B A i 7 AR R 451

2 HBRE5HH

21 BRERXIWIRITSSH

211 FORATHEMS KRB Hn  NIERL LR
Bk &, DR IR AR (20 /L)X B IR 7= A SR ity
MIREI . S5SNI 1 TR, HR T i oA AN
T o BEJSHEAT T AN [EIVR BE 1 DA X 7 il 1 52
(1 2), MG DEHHER By 25 /L i, AR BE 71 d5c e o
2.1.2  BRATH B KRR R0 [i] 7 LR
R (25 g/L), WFREANEIBRIE (40 /L)X 7 il i) 5
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Fig.1 Effects of nitrogen source on the production of xylanase

N1 S0ERE; N2: BERRRY; N3: & [, N4t FoRH; Ns:
FERLE; N6: 4R RE; N7 e
N1: bean cake powder; N2: yeast powder; N3: peptone; N4:
corn paste; N5: yeast extract; N6: beef extract;N7: (NH4),SO,
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Fig.2 Effects of concentration of bean cake powder on the
production of xylanase

M (& 3 FEL 4). MFEZEET, Bk aiint, 7w
AU BRICWREE N 40 g/L B, SRAFEE O BES .
213 RAEAEAR S KRN H R NaNO;.
K,HPO4. MgSO4 7H,0 7EVR M 7305124 0.9 ¢/L. 3 g/L
F10.6 g/L I, itk YS1069 7= Bt ik 2 fe i

214 BAEAEAR S KRAEE 0 1£ 30 ml )
KRG SR P o 4% AR TR 40 1% 2%, 4% 6%
8% 10%FI1 12% % AFPFI5 52 . Bl ol 4%HT,
TRt 35 P A X A

215 FREAMEKS REMEEG @ 250 ml
=S, B KR (<40 ml), B AR
FoE s BB KO, B e P b, X R
SR T AEAR. SRR B

2.1.6 Na,CO; iR JZ A H # = RIEAE B 09 %@ H
AR, It A NayCOs [ I e sl s % i
KRR SL R pH, 5 S LT R bR = B A 52 e (K 5) 0
2 Na,CO; Wi~ 18 g/L ., #hh pH A 9.5 i, ™=
A A o
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Fig.3 Effects of carbon source on the production of xylanase

Cl: WIIAVETERY; C2: ZE4PME; C3: H#HE; C4: JEHE,
C5: #kpz; C6; FLHH; C7: ARZWE; C8: B-IRHING;
C9: Hl; C10: #PIERR; C11: WING
C1: soluble starch; C2: maltose; C3: glucose; C4: sucrose;

CS5: wheat bran; C6: lactose; C7: xylan; C8: B-cyclodextrin;
C9: glycerin; C10: citric acid; C11: dextrin
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Fig.4 Effects of concentration of wheat bran on the
production of xylanase
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Fig.5 Effects of concentration of Na,CO; on the production
of xylanase
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Fig.6 Effects of temperature on the production of xylanase
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218 R EEEFI) A AR S KR ARG R FhFhs
FEWFE 4%(VIV)ERHEAERPA 250 ml =AY 30 ml
FEmb & EER IR, 30°C | 230 r/min K535, [A] R HURE
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Fig.7 Effects of culturing time on the production of xylanase

22 WM EREIRIT S5

2.2.1 Plackett-Burman £ %kt 43R AR
SRR, SRR A AR BERE R R &R,
B 2 TE R W BT B B S T B BV SR e B
Y1(U/ml), SRR | e iE | 28R . MgSO4 7TH,0
T . KoHPO,. Na,CO, Fl NaNOs 7E NHFFE R4,
TiAh, FELR BT IRECA G IS LT, B8 3 R
UL, 25520 K2R A 4t 7K S PB SRR 45 3 i L%
1 FIZR 2,

FIF w7 TR 534 PBSCER S5 L, AT LA
Na,CO;. MgSO4 7H,0 . k5 A FE52 00 [ 2 (P<0.05),
DTRRE A TR 82.06,

222 POUMASERXITELER itk — A
K2 Z [ 38 B AR TSRS e K7 g o, i1t 3 &
FLHREK 5 AIKF . N=20 LA A58, LU Design-
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% 1 Plackett-Burman S£36 E &k F
Tab.1 Levels of independent variables in
Plackett-Burman test

gy EERE o0 g

A& Factors Symbol

Unit code Low level High level

#KF7 Wheat bran g/L X 10 70
HeFhE Inoculum volume %(Viv) X, 2 6
HW R Liquid volume  ml X 25 35
MgSO,4 7H,0O g/L X4 0.3 0.9
SRR g/L Xs 10 40
Bean cake powder

K,HPO, g/L Xs 2 4
Na,COs g/L X5 10 22
NaNO; g/L X 0 2

Expert 8.05 HAFXTHvC 2 A S G0 25 S 54T e 7 18 7] 0
AT . ISRt W3R 3, LIt M 45 R IR 4,
i Design-Expert £ A4k (4 ot 4 & 52 56
SEILAEAT AT, A3 B0 25 TS ANk 5 s
gE R R, SE AT R P<0.0001, FIZ k5
MEFLR B R K, JF AR P=0.1023>0.05, %
AHAZ AR (1) S JLRE AN S 2, B [l 3 5 R X 5 e 0 A 7
THHRIE, —RETEIE R
Y=4163.42+661.47X,+29.10X,~742.95X,

+209.02X7X,+871.90X,X,+105.09X, X,
—426.06X%-255.59X3-1023.05X?

FRGE TR AT el R, Y T e Kk 4462.34 U/ml,
BERT, Na,COs ¥ 21.86 g/L, BRI E N 51.41 g/L,
MgSO,-7TH,0 HFEH 0.59 g/L, TEIZEAT T XHE AT

& 2 Plackett-Burman 364 RoHT
Tab.2 Analysis of experimental results in Plackett-Burman test

K% Factors U Code  #2Mi{H Impact value  Timik{E Contribution value F P .3 M Significance
%k 2 Wheat bran Xi 877.02 14.48 11.76 0.0415 *
HeFPH: Inoculum volume X, -16.48 0.02 0.021  0.9527
Lyt Liquid volume X3 813.24 12.45 10.12 0.0501
MgSO,-7H,0 Xy -962.26 17.43 14.16 0.0328 *
S YFKr Bean cake powder Xs —46.05 0.04 0.032  0.8686
K,HPO,4 Xe —283.26 1.51 1.23 0.3488
Na,CO; X7 1632.08 50.15 40.74 0.0078 *
NaNO; Xs -110.88 0.23 0.19 0.6938

*3 HOAEAAXEEITHEZERERLE
Tab.3 Factors and codes in central
composite test design

é Il N3
K & Factors ks K Level
Code —1.682 -1 0 1 1.682
Na,CO; (g/L) X5 11.27 14 18 22 24.73

MgSO0,-7H,0 (g/L) X, 016 03 05 0.7 0.84
#kJZ Wheat bran (g/L) X, 1636 30 50 70 83.64

(H A TSI IAIE, 4550 4408.63 U/ml, H & BEALALRT
(738.21 Um)EiE; 124 5 A% . SEg0 (-5 T SEAAHAT
ok B TR0 ASE A A 7 T A SRR e W AR AL

i Design-Expert 8.05 #X{F M 2] =N &AL H.
TEHI(E 8), Hrr, Na,COs FEk Bz 1938 B AR HIXF AR HR
AR I A TR ST

3 it

TR 0 2 e il A 1 e 0 32 22 b DR R R R
b, AT ARAS e Bl A O A R P R AT
e, IINZRASA F TP A o 7358, AFEHRIR
£ e o i e il LA ARG 2251, IR, H A BRRR
AR IR R X T A T A 52 Tt 8 SC H A TR TR AR

x4 PLOAAIRBITREER

Tab.4 Experimental design and results of central composite test

Run Na,CO; MgSO, 7H,0 5354 AR SR B P

NO. X5 X, Wheat bran .X_ylanase
X activity Y(U/ml)
1 -1 -1 -1 3768.6
2 1 -1 -1 2858.5
3 -1 1 -1 3106.3
4 1 1 -1 3150.8
5 -1 -1 1 262.4
6 1 -1 1 2958.4
7 -1 1 1 138.9
8 1 1 1 3552.6
9 -1.682 0 0 1809.3
10 1.682 0 0 4062.5
11 0 -1.682 0 3329.9
12 0 1.682 0 3506.3
13 0 0 —1.682 2488.5
14 0 0 1.682 6.3
15 0 0 0 4145.2
16 0 0 0 4138.4
17 0 0 0 4133.8
18 0 0 0 4161.1
19 0 0 0 4198.1
20 0 0 0 4211.7
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Tab.5 Variance analysis of the response surface
quadratic model

SEJ5 A H ¥y

SE Source  Sum of B Mean F P
squares - square

i Model 3.689x107 9 4.099x10° 1736.16 <0.0001

ﬁﬁ 23608.13 10  2360.81

Residual

RAUtE 18252.09 5 3650.42 3.41 0.1023

Lack of fit

AR 2 5356.04 5 1071.21

Pure error

]

B2 3.691x107 19

Cor total

X ﬁEEi Wheat bran, 51.41 g-L!

I
i
f;ﬁfl;;ﬂlll/"’ll l

20007008
2777 ;ll,: " "'
l"

MR R R IR B PR R W R IR 2 AR
(PRI, PRI, EERe ol b ) A 2 LR 2 I FH i
A 5 3 o B R 2SI 06 R ) 7 T SE 3R A AR T2
FIFFEE YS1069 7= AR JMERG 1) K WAk 1F o 5550 5 24
FE T R IR IR 0 S AR IR K Rz | R G008 I R B
IS 51.41 g/L F1 25 g/L, JCHLER NaNO;., K,HPO,.
MgSO, 7H,O Msm BS54 0.9 g/L. 3 g/L H
0.59 g/L. 1E Na,CO; ¥ 21.86 g/L . 4%3% 2 . 30 ml
S 30°C Y& T R EE 96 h AT AL HE = . i
U5 AR TR BTSSR AR LG, #5520 5 6%,
AR B3, RALJE MR B 1 ml LA
TWEAE BABE ) 3% 483.26 pumol/min, HFY, [
P A VF 22 %5 U2 W 77 AR SR g ) B9 i, 2R

#E Enzyme activity/(U-ml™)
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Fig.8 Three-dimensional response surface diagrams and the corresponding contour plots
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P Bacillus sp. QH14(HL 355, 2014)F1 Bacillus sp.
No. X-18(5J5 2%, 2009)AIFEHA R 1 ml fEALE AL
AW A 648.79 pumol/min F1 72.41 pmol/min;

Bacillus altitudinis DHNS f £ & B2 1 ml fEfbA:
AR 35l 245 umol/min(Adhyarua et al, 2014).
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Optimization of the Fermentation Conditions for
Xylanase-Producing Strain Y S1069

DONG Yanjuan'?, HAO Jianhua', ZHENG Hongfei', SUN Mi'”

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory of
Marine Enzyme Engineering, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. College of Food Science & Technology, Shanghai Ocean University, Shanghai  201306)

Abstract In this study we applied one-single factor and response surface method to optimize the
culture medium and other conditions for strain YS1069, which would improve the yield of xylanase. First,
the single factor method was used to screen eight factors including the nitrogen source, the carbon source,
the inorganic salts, the inoculation volume, the liquid volume, Na,COs, fermentation temperature and
fermentation time. The optimal results corresponding to each single factor was as follows: bean cake
powder 25 g/L, wheat bran 40 g/L, NaNOs 0.9 g/L, K,HPO,4 3 g/L, MgS0O,4-7H,0 0.6 g/L, inoculums at
4%, 30 ml/250 ml (v/v) liquid volume, Na,CO; 18 g/L, cultured at 30°C for 96 h. Secondly, these main
variables were evaluated with the Plackett-Burman test. The results suggested that Na,COj3, wheat bran
and MgSO,-7H,0 were the most impactful factors. Finally, the optimal levels of the three factors were
determined with central composite design and Design-Expert 8.05 software. The results were shown as
follows: Na,CO3 21.86 g/L, wheat bran 51.41 g/L, and MgSO4-7H,0 0.59 g/L. Under the optimized
conditions, the production of xylanase was increased by 5 folds.

Key words Bacillus, Xylanase; Response surface methodology; Fermentation conditions; Optimization
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