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Study on optimization of culture medium
for xylanase production by Streptomyces althioticus LMZM
using response surface methodology with corncob
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Abstract. In this study,response surface methodology (RSM)was employed to optimize a fermentation medium for
the production of Streptomyces althioticus LMZM in submerged fermentation with corncob as substrate. Four
significant influence factors including corncob powder,soybean,yeast extract powder and magnesium sulfate were
screened by the method of Plackett—Burman design.In addition, the minimum addition amount experiment was
used for finding out the minimum add amount of non- significant factors to reduce the source cost.The steepest
ascent design was applied to approach the optimal region of the three significant factors. And the optimal
concentration and correlations among three factors were identified by central composite design. The optimal
fermentation parameters for enhanced xylanase production were found to be corncob powder 27.85 g/L, soybean
16.25 g/L,yeast extract powder 3.46 g/L,magnesium sulfate 1.18 g/L, potassium phosphate dibasic 0.60 g/L and
disodium hydrogen phosphate 0.40 g/L.The model predicted a xylanase activity of 117.80 U/mL.After three parallel
verifications ,the maximum theoretic value was consistent with mean value of verification test which was 116.63 U/mL,
and the xylanase production was increased by 1.28-fold in comparison with to that before optimization
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TEHRA

HIX S A A TR AR BB i e ) I F SR A AT
PE—2P S o [RINF, A SROBH il 76 52 At L 25 2 kA

AR Tb %5 )5 AR EA T R R S

BHAr, H TP R B S St ik B2
Shy BRI R A | TE A2 S e v RN e N T A3 AT . 2R SR A
A5 SR FH B DR 2R R IE 32 S 0 ot 57 FH R R TR B AR A
TAREER: SR W LH-3, KRB IE &l
120.30 U/mL"™ BRI 36 T A9 0 PR 38 22 1) (1 32 T
S, 1E A2 S0 AR B AL N 2K FHA " . i
LT AT W AT LA 30, 2635 19 7 =000 S8 & 3R 9 S 56
W4, B RSCIG Y AL % 25, X S 56 P T 4 T 1Y
A7, Coman, G. 25 1, Streptomyces sp.P12—137 F]
FAHL0 G SR I T IE LA/ INZE 2R RZ VR i U 7 AR SROBE Tifg
B L, HEG A 27.77 UA/mL"" | Zhicai Zhang 251
Rhizopus stolonifer R .0 & 250 W 2T LA B K BHE
BRI = AHROBH (75 0, U O 13.90 Urg ™

AHIESE & F T Wi 7 1AL 53 B 5 s X S B A
LMZM F]FHAR MV 540 T K03 7 A SRAE T 1) & e 1%
FRIEST FEATHI2E Ak, 35 v g U (] A, B IR IR0
A P IR ER S Gy it — B BRI IR LS
1 MBERE
11 MRS5S

SRR LMZM 9256 25 0 55 (0 s Bl T 3% 9%
H(g/L) ] EEETE R 20 KNO, 1.0, K,HPO, 0.5,
MgSO, - 7H,0 0.5 NaCl 0.5 .FeSO, - 7H,0 0.01 ; % fi%
iR (g/L) EOKISH 24.4 . KE 85 16  KNO, 8,
K,HPO, 0.4 . Na,HPO, 0.754 .MgSO, - 7H,0 0.4 ; £} i
PR 35 2 25 (g/L) Al 8 PEUE #r 20, KNO, 1.0,
K,HPO, 0.5 .MgSO, - 7H,0 0.5 .NaCl 0.5 .FeSO, - 7H,0
0.01,Zflg ks 20,

AR1140 HLF453HT RV RZEHTERH S A R
ZNE IR IIZRIRKE RS LIRS0 A BR A F]
BRSPS s SW-CJ-1D AU N b TAE S M4
e BRAF] & 2 m R R E DL 3K1S R
Sigma /A F];ZHWY -2102C fHi G R BG4 LIF
B STHT AR i 15 A BR 2S F] 52000 AT UL 43S0 T
(Unic) JUJEAT LA ERARAF .

1.2 EFREH
KW 108 h, RFEIREE 40 °C 3PP 8% , V)
4 pHS.5 , 3y 50 mL/250 mL = )l , 7% R 4% Ny
160 r/min,
1.3 KREVEEEHBINE

DNS 90005 34 JoW ( LAABE Sy b v i ) - R TR
8000 r/min E5.0x 10 min, rf5 75 W RIS B . A
T VR B A A% %5, B 1.5 mL 1% AR BPEE W A
25 mL U4, il 0.5 mL 35 247 B A W e B T
60 CoK ) 10 min, AITA 3 mL DNS % #g , HiR
BAEB KB I 10 min J5 , L EIR A B =R,
5% 25 mL,540 nm AR I WOGAE , X B K TR
B A R B W o T ABEAE b vE Bl 2, o 22 ith
2R HAS H AOE & R TR R TS T L K
TR NH GBS 7 PR O RS G A2 T wmol R
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1.4.1 Plackett—Burman ¥ if Plackett— Burman %1
H2 LA e 2D ST YR OBH FI X A BN Wil T A R )
AL 22 (AT AR BE T 95 % M BRI 3R AE R SR80 ) 1A S 56
Jrke XT N IRSEE B ZLZ A M58 (N=-1) NH R, 4
AR UM AN KO« 8 K P R Al e i1
THHEAT IS, Gt M R R AT R — B SR
AR 0] Y B DR 2R SRR 4 2R, SR S I A PR 3R AT 8
AL HE LI 3 A, A LR I 2 4> JKSF, Plackett —
Burman S5 #3049 8 BRI R AP, L3R 1,

21 Plackett— Burman %3145 A £ 5K

Table 1  Factors and levels of Plackett—Burman design

SR E (/L) —
A EKH 10 50
B K H 10 30
C EefEHy 5 15
D I 1 0
E 455 2 0
F 4015 3 0
G K,HPO, 0.5 15
H Na,HPO, 0.25 0.75
I NaH, PO, 0.25 0.75
J MgS0, 0.5 15
K CaSO, 0.25 0.75

1.4.2 BARGHIE S 7F PLackett—Burman SZ5615%
TSR B R R Eml -, LIRS 3R 3514 o B i
FEA 2 PR R ARG &, AR I8 25 P 22800 & BRI
ARG TR ARG IR e g0 3k, A TS5 50
1.4.3 HZBENEYE 58 7F PLackett— Burman 5256 1%
T S S R R ER S, X R AR X AT i —
S SRR Tk, RANBI AL AEENTOE S
TBEIHHRALSEIGAR P . AR I 35 P DR 38 %0 ni AE o o A
I, I — B G i S A (E X 3. AR ¥5 Plackett —
Burman S5 28 5, e BE G 925

1.4.4 Central composite design( CCD) %11 LL€H%
BT Y SR B A5 R AR P8 #6147 CCD #¢3t, L3k 2,
JHHAF Design expert 8.0.6 Xf S5 #4752 564 11 A1 )4
ST B S R R 3R i AR TS I &, AR 81 A T R
25 ) o7 1T — 4k ST AR ST I

x2 HOEFEITSNREKPE

Table 2 Factors and levels of Central composite design

kit K-
K& (/L) ) 1 0 | 5
X, XS 25 30 35 40 45
X, K2¥ 10 12.5 15 17.5 20
X, WERER 2 4 6 8 10
X, MgSO, 1 12 1.4 1.6 1.8

1.5 IGIESELS
FH 2.4 Fpcs 52 45 BT 92 06 45 SR 0 % 97 2H
DMEPEAT 3 YOFATSC 5, 00 4 I 45 73 I 2 1 7% , 14
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A3 35 L LH % o %3 Plackett—Burman &3t M 25 1
2 zﬁ%l—ﬁﬁ*ﬁ Table 3 Design and result of Plackett—Burman
2.1 Plackett—-Burman i%it it 35
Plackett— Burman SZ56 45 5 0,3 3, M Plackett— SH5A B CDEFGHI K (U/mL)
Burman i1 BIH 5047 (£ 4) B H iz BIGE R p 1 -11 1 1 1 -1-11 1 -11 26.19
{8 (prob > F) Jy 0 /NF 0.05 , MIZALHIAE 95% () & (5 2 1 1 1 1 =1-11 111 1 46.08
XN B3 . BRIy R Wy (BEEER Rl MgSO, 1Y 3 01 —1-1-1<11 =11 =11 1 96.34
p {E43 517 0.004 .0.030 .0.027 Fi1 0.042 , ¥/ F 0.05, 4 —1-1-11 <11 =11 1 1 1 67.27
W) KB R LA EREA L MeSO, 7E 95% I A% 5 1 1 -1-11 1 11 1 -1-1 3888
X a2, i K,HPO, . Na,HPO, . NaH, PO, #1 CaSO, 6 1 1 1 =1-<11 1 =11 1 -1 32.30
19 p {E43 5124 0.160 .0.413 0.101 F10.180 , ¥ T 0.05 7 01 211 1 —1-1-1-11 -11 39.53
1 K,HPO, . Na, HPO, .NaH,PO, Fl CaSO, 7F 95% [y 8 1 11 1 1 1 <1-11 1 -1 7061
{EXEI AR, HideE R R =0.7836 i [A] )57 9 —1-11 1 =11 1 =1-1-1-1 20.83
FTT USRS 5 1 78.36% (K525 508 . 10 11 1 -1-1-1-11 -11 -1 2759
22 HRFMEZLE I —1-1-1-1-1-1-1-1-1-1-1 2796
A48 PLackett—Burman 256, T R* =0.7836 < 12 11 =11 =11 1 1 1 =121 27.56
0.9, RIS T B — A5 i B 0 A 2, o) AN 35 A 13 -1-11-11-111 11 -1 2322
2 K,HPO, .NaH, PO, .NaH, PO, F1 CaSO, 1% % 4 11 =11 1 1 1 <1-11 1 39.97
frie M N 15 1 1 -111-1-1-1-11 -1 80.82
P LA 1, B2 NaH, PO, 5k i 4 i, Ac 2 6 1 -11 11 1 1 1 -1-11 6591
BRI SZ W, SRR A O g/ L B, A TR il 1 7 L 1 o111 elelelot1 4195
$5eii 4 90.97 U/mLs il 1B 41, BAT CaSO, B8k 18 1 -1-11 1 -11 1 -1-1-1 7826
RGN, SRR IS B WTIs N, MBI~ 0 g/L B, R 19 —1-1-1-<11 =11 =11 1 1 57.14

NG e , o 90.97 U/mL; g E 1C %1, Na,HPO,

20 1 1 -1-1-1-11-11 -11 34.55
AR BRBEBFIG BT, S INEh 040 g/ L, KR BE G
WS, oA 93.17 U/mL; fH & 1D 0, B K,HPO, %S 25 IBENCHE SR S g
BN, AR BROBENGTE B WS K, M i A 0.60 g/L Table 5 Designs and the results of steepest experiment
M, AR 5P B 35 A &, 4 93.83 U/ml. #C ok $% o BB RERY BEREY O BIREE BRI
NaH, PO, .CaSO, .Na, HPO, Fl1 K,HPO, &7 43 5 ER (&/L) (&/L) (g/L) (¢/L)  (U/mL)
>k 0.0.0.40 .0.60 g/L, 1 25 20 10 1 95.52
2.3 EFECHESEIE 2 30 17.5 8 1.2 107.09

ST 25 R v OR OB UG, TR & T T IR S 3 35 15 6 1.4 110.52
44, AR 3 PLackett— Burman 236 (14 [8] 13 45 #f7 4 40 12.5 4 1.6 107.24
FID7 225501, FKEH I MgSO, A IE RN , Wl 15 AA B 5 45 10 2 18 98.49
F I KB T 5, ARBTG5 3 42 5 . 6 50 1.5 0 2 96.95
2, RGNy e R 530N, U6 BH 6 25 L ER ik 7 35 5 0 2.2 74.69

8 60 25 0 24 64.61

SRR AL A, A SO TS R A B R . P, %

24 Plackett—Burman #5231 [E1H 534

Table 4 Regression analysis of Plackett—Burman design

Ar R A it R4 07l ¥7 Fig p {E (prob > F)
iRy 8 47.148 7323 916.1 17.36 0.000
A 1 11.179 2500 2500 13.588 0.004
B 1 -17.559 1143 1143 6.213 0.030
C 1 -7.728 1194 1194 6.491 0.027
G 1 -4.566 417 417 2.268 0.160
H 1 2.583 133 133 0.724 0.413
I 1 ~5.423 588 588 3.198 0.101
J 1 6.985 976 976 5.306 0.042
K 1 4.346 378 378 2.053 0.180
R* =0.7836
H:oxa =005,
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Fig.1 The design and result of minimum amount

HR S S0, 50 3 LR SROBHEE fc i , B B KGE08 |
KMy (WERER FIT MgSO, Y JH 543 931 2 35 (15 .6 FlI
1.4 g/L I}, B§% 2 110.52 U/mL, BEE 1847 17 ik —
HEHEI, A ZROWH Tl 1 328 T A ARG 3 4 ORGSR
Na, HPO, By InE 4351k 35 .15 .6 Fil 1.4 g/L {EN
DAV R A
24 HOLHEXHIE
design)
2.4.1  BIRIREE ST M R VRS ES ARYE TP A A 5K
BB IR, AR P LR SRS A5 R, Vet BRSO LR
LB EERERS I MeSO, #EAT L AR S0, B R
e 5 AR, LU SROBE I 15 7 S vie) 157 B AT i 1. T8 122
i, BT B R AR, LR 2, 6 -l s
30 WRELES BT X GE AR AN UL 6.

o
)

it ( Central composite
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Table 6 Design and result of Central composite

N BifiF (U/m)
Sk v X, X, X5 X, v <
1 0 0 -2 0 95.64 94.59
2 1 1 -1 -1 81.93 82.70
3 -1 -1 -1 1 99.43 100.39
4 0 0 0 0 112.43 111.75
5 1 1 100.25 100.89
6 1 -1 -1 -1 88.07 88.85
7 -1 1 -1 1 108.34 109.39
8 0 0 0 0 110.79 111.75
9 -1 1 1 1 93.39 92.54
10 0 0 0 111.41 111.75
11 0 0 2 99.53 98.45
12 -1 -1 1 1 81.62 81.85
13 1 -1 -1 1 89.19 89.13
14 -2 0 0 0 102.71 102.41
15 -1 -1 -1 93.59 93.34
16 1 1 -1 1 86.33 86.51
17 0 0 0 111.82 111.75
18 0 0 2 0 93.59 93.70
19 -1 1 -1 -1 115.09 114.07
20 2 0 0 0 91.65 91.02
21 -1 1 1 -1 99.43 100.49
22 -1 -1 -1 -1 108.24 108.60
23 0 2 0 0 97.99 98.06
24 0 0 0 0 111.61 111.75
25 0 0 0 112.43 111.75
26 0 0 -2 105.98 106.13
27 1 -1 1 1 100.87 101.82
28 1 1 1 -1 101.38 100.35
29 1 -1 1 -1 104.86 104.82
30 0 -2 0 0 94.52 93.52

T Y S PRm Y o B A

P e N AT TR O S AT (3R 7)) AL BE RN p (B
(prob > F) /INT 0.05 , {6 HA A5
W Z SO A M R 5 R (Tl) = 0.9713 , B T {3
1 2.87% 725 51 LA fig Fh AR AU A R, S LTI p (B
A1 0.1076 3% B S LI AS s 25, AL RV AT e LB 4
R 2, XX, X X, L XX,
X, X, XX, IR TR i 3, X2 X, X0 X, R i

XX, X, X R Y R

T PRS2 M 24 48 35

H H.

[ S )

HEFM,IZ WK

i TR R LS R B AR AR B AT 5 AR
LASRAE 4 A~ PR 22X A SBE T 7 04 5 1]

Y =111.75-2.85X, + 1.13X, -0.22X, - 1.92X, —
2.90X,X, + 7.81X,X, + 2.12X,X, + 042X,X, +
0.88X,X,-0.82X,X,—-3.76X,>-3.99X,*-4.40X,*-2.37X,’

A, ¥ R OR AR TOBE Al ) B AR (U/mL) |, X, |
X, X, AT X, A3 AR R B KRRy L R SNy L R A
MgSO, 1 4miB{H o

Design Expert 8.0.6 73 #Tfigi5 B E SN X, =
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Table 7 Regression analysis of Central composite design
TS I FriE i F i p (L (Prob > F) WHHE
Ay 2609.55 14 186.40 191.97 <0.0001 B
X, 194.77 1 194.77 200.59 <0.0001 BE
X, 30.85 1 30.85 31.77 <0.0001 B3
X, 1.18 1 1.18 1.22 0.2869 yNTE S
X, 88.44 1 88.44 91.08 <0.0001 BE
X, X, 134.97 1 134.97 139.00 <0.0001 B
X, X, 975.16 1 975.16 1004.30 <0.0001 BE
X, X, 72.12 1 72.12 74.28 <0.0001 (e
X, X, 2.85 1 2.85 2.93 0.1074 NTES
X, X, 12.48 1 12.48 12.85 0.0027 nE
X5 X, 10.71 1 10.71 11.03 0.0047 B
X,? 387.54 1 387.54 399.12 <0.0001 BE
X, 436.69 1 436.69 44974 <0.0001 e
X,? 531.04 1 531.04 546.91 <0.0001 BE
X,’ 153.43 1 153.43 158.01 <0.0001 BE
2= 14.56 15 0.97
I3 12.58 10 1.26 3.17 0.1076 yNTE S
aliyR 2z 1.99 5 0.40
R 2624.11 29
R*=099.44  R({H#%) =09893  R*(fiil) =0.9713

-1.43,X, =0.50,X, =—1.27,X, = —1.12 R i & e J&F
AR Ry E KRRy 27.85 ¢/L. KB 16.25 g/L,
BBy 3.46 ¢/L MgSO, iy 1.18 o/L, TH il f < il 1%
117.80 U/mL,
2.4.2  ma T R PE AL AR IE AT AR T 2
N ZAVATE 2 vl R (SN Rt VAL L NEIIPUTE =30 7 N
TWH S Y RZ 0 o

SEJE IS I S 5P ST s Uil 9795 =i N WA, i)
X A BB 11 77 A VA W 3 P S I, [R] B T KOESy
A 7K S O 7K P BiF T B, A SO I VS B . B 3
I, 21 T RGE M RN R B 1) 2 A K P 43 i - 0.2 F]
0.5 M\ 0 F| 0.8 Z [a] B, A 2B i (1Y il 15 & = T
100 U/mL,HHEl 4 %1, Zhi DK 7B 0 KPR T B, AR
MGG E . MBS J, IR TOB AT MeSO, 1Y 2
7K 433 A-0.4 3] 0.5 PA-0.5 5] 0.2 Z [A] i, AR
%@@E@Hﬁfi%%% 102 U/mL, Hi[& 6 51, 24 E: 8y

P35 (U/mL)

B2 RS AR S B S B A I
N SR Tl % 532 ) 1 e T ]

Fig.2 Response surface for interaction effects of

corncob and soybean on xylanase activity
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AN MgSO, 92 i 7K-F-73 5 A-0.3 51 0.7 . A-0.5 %
0.5 Z[a]Hsf, A SROBH il (4 it 25 7 1~ 104 U/mL,

R (U/mL

B3 RO FNEERE A A S EAT IS
AN SR Tl Pl % 52 )4 ) ]

Fig.3 Response surface for interaction effects of

corncob and yeast extract on xylanase activity

25 WIFRE

JH CCD i i145 3| 19 S A3 15 75 FL 4H s B K8y
27.85 g/L ik 16.25 g/L EEEEE) 3.46 g/L MgSO,
1.18 g/1. .K,HPO, 0.60 g/I..Na,HPO, 0.40 g/I ff 3 ¥k
I SR T, B T A{E N 116.63 U/mL, SEME
SEHAIRFAE (117.80 U/mL) W) & R4, @ 7]
UL, FHIZ e UA AR AU [ 4k, Streptomyces althioticus LMZM
ARFBHBE 3 FE B Ay = v AT, B RE SCHME. It
S, 5 FRIEDACHT R RIS 77 (51.73 U/mL) #H 1L,
T 1.28 5,
3 %t

ASHIFFE A Fh A A v G 20 L AR SROB I A 7 1A Ak
SRR T LMZY |, i FH i o T 25 X JFC IR A4S A 1 7 it
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Fig.4 Response surface for interaction effects of

corncob and MgSO, on xylanase activity
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Fig.5 Response surface for interaction effects of

soybean and MgSO, on xylanase activity

B 6 BERkA A BREE (1) 38 B VB F X
A SR It 0% 52 T %) ) 7 T €]

Fig.6 Response surface for interaction effects of

yeast extract and MgSO, on xylanase activity
B g el o3 JE AT O Ak, B R LA Ol B oK S R
27.85 g/L K& ¥ 16.25 ¢/L [#H ¥ 3.46 g/L MgSO,
1.18 g/L . K,HPO, 0.60 g/L Na,HPO, Jy 0.40 g/L, I
= G ) Ak 116.63 U/mL, 5 BHig f K % )
117.80 U/mL #2523, Ui Bz FH Wi 07 T LA S i i 25
B LMZM 7= A S0k g 2 6 B0 0T 55 19, HO B NG 0 Lt b
FRAL WAL HTHE e 1.28 %o [A] i, AR SCLLRR M 70
ARV R FEW) B KB BRI, R 28 Al 27 24 5 4b PR 452
I Ve il , R A ARE 91 4h BT JBOR) AR | U /D BR 35 75
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