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# =.:% )8 Plackett-Burman % # X 7 K,HPO, .KH, PO, MgSO, - 7H,0. (NH, ),S0,.3- kX & & K F 82 R B Foin 44
pH iR F A B Z 8 NE A AT B F8 KA £ R 3- R AR T B % 85693 0, 57 A A Box—Behnken 52 34% i+
vty o B M AT H R B AR AT T A, S RA L BAA P (NH,), 80, RE BAAEREFEFHESTH R4
3-KAAK TR AN AR B0 B3z F K HPO, R E 4 2.0g/L KH, PO, # # 4 0.5¢/L MgSO, - 7TH,0
K FEH 02¢/L (NH,),S0, KA 09g/L.3- K R A E TR A 200mg/ L #1% pH 4 7.2 .250mL 4% #LE & & A
56.6mL. 32748 (F+F & 0Dy, h 1.000) 3 5.9% (v/v) B ,3- R B 5 s % @B 09 % 5 Tk 25.72U/mL,

KHER 3-SR AR TR, SR8, ALKt vl B AT

Optimization of production conditions for
3-phenoxybenzoic acid degrading enzyme
XIA Wen,YAO Kai ", JIA Dong-ying, LIU Shu-liang

(College of Light Industry and Food,Sichuan University , Chengdu 610065 , China)

Abstract: The effects of eight factors, which include the concentrations of K,HPO,, KH,PO,, MgSO, - 7H,0,
(NH,),S0, and 3 - phenoxybenzoic acid, initial pH, medium volume and inoculum volume, on the production of
3-phenoxybenzoic acid degrading enzyme from Klebsiella oxytoca were studied by Plackett—-Burman design.And
the production condition for the enzyme was optimized by Box-Behnken design and response surface analysis.
The results showed that ( NH, ),SO, concentration, medium volume and inoculum volume could significantly
influence the activity of 3—phenoxybenzoic acid degrading enzyme.The optimal condition for producing the enzyme
was as follows;K,HPO, 2g/L,KH,PO, 0.5g/L,MgSO0O, - 7H,0 0.2g/L, (NH,),SO, 0.9g/L,3-phenoxybenzoic acid
200mg/L, initial pH 7.2 ,medium volume 56.6mL in a 250mL conical flask and inoculum volume of 5.9% .Under this
condition, the activity of the enzyme reached the maximum of 25.72U/mL.
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3—ARAA B IR (3—PBA) JE SR A HE AR 25 P2 1000mg/Ls i fE 55 57 L 5 F7 Bl 8% 97 4k,

B R B R TR A, B
AR U BG TR SR 25 AN W], ‘& 7T LATE -3 vp it 88, X 3R bR
B fEEPEE R H AT, X 3-PBA /R4 A A B 5
Z R AWM AL . SRR E BT B & UESE, I
Bz A iz R B ) AR ) TR BB 2L 2 R R I PR B A%
(GRS R 7 B i ) o e ST = R A 7
B LTI, AN SCOR I T 6 7 I v TR AP EG
( Klebsiella oxytoca) =/ 3 — PBA [ fit g 14 S5 4F 3047
T, SRS R AT S HE— 2B R AW SE 3-PBA Y
R A B9 LA
1 #MRl5FE
11 BRI

Wik HZSE SR R, LM TR e
TEAALRTE (Klebsiella oxytoca ) , H: X G853 Wi B K 52

Y FE B #A:2009-01-15  # i@ i A A
1’E%féj'ﬂ§}fﬂ(1985—) ,’}("E}fﬁi,i%/‘}\g/ﬁ&%éﬁ@%lﬁ%q
E£WH: BE 8 AHFE4(20472058) ,

121°C 2K 20min Ji5 il A 3—-PBA (FJC/K L BEE R )
i H B ig oy 1000me/ Ly 7558 5 AR H R 10g/L,
RS S¢/L NaCl 5¢/L,pH7.2,121°C K 20min; &
Bz 4% 3 % (NH, ),S0, 1.5g/L. KH,PO, 0.5g/L,
K,HPO, 1.5g/L MgSO, - 7H,0 0.2g/L NaCl 0.5g/L,
pH7.2,121°C K B 20min J& % il A 3-PBA ) Z,
VW 3-PBA 4l N 99% , VLN FE] .

ERANA] B EG EE T TR SO L, BR R4S iR
IR, FEZE IR K AR5
1.2 FEEER &

PR A IS 0077 AR v R A IR IR e R T — B ALY
FhFEEFRIE T, 35°C 1557 24h J5#— 2 B (ODg, =
1.000) 2 Fh F & & 1Y & B 85 35 3L (250mL 4#E B Jif)
H,35°C $E K (140r/min ) 5 3% 96h, #5352 T 4°C |
7500r/min B5.0> 10min, 3¢5 _FVE W, JH 4°C 15 0.2mol/L
PR 2% v ( pH7.0) PRI DTTE B9 BE 4, 28 85 0 FIT 8 A%
J& , B A AN D, T 4°C .11000r/ min 5.0 10min,
A5 Z A i
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2¢2  Plackett—Burman 356515315 45 5
SR A B (C) D E (F) G H (D J K Y

1 1 -1 1 -1 -1 -1 1 1 1 -1 1 15.01

2 1 1 -1 1 -1 -1 -1 1 1 1 -1 21.33

3 -1 1 1 -1 1 -1 -1 -1 1 1 1 12.37

4 1 -1 1 1 -1 1 -1 -1 -1 1 1 12.52

5 1 1 -1 1 1 -1 1 -1 -1 -1 1 18.92

6 1 1 1 -1 1 1 -1 1 -1 -1 -1 20.15

7 -1 1 1 1 -1 1 1 -1 1 -1 -1 18.44

8 -1 -1 1 1 1 -1 1 1 -1 1 -1 10.46

9 -1 -1 -1 1 1 1 -1 1 1 -1 1 11.23

10 1 -1 -1 -1 1 1 1 -1 1 1 -1 18.55

11 -1 1 -1 -1 -1 1 1 1 -1 1 1 10.64

12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 12.34
1.3 MEfEEREDNE R 5 PFEACT IR I 35

B 0.3mL KL, i A 2.7mL 3 - PBA & kil 2% SIS T P

100mg/ L pH y 7.5 W BERRZE sl b L IR 20, T — 1 -1
35°C 5 ik 7K ¥ H W 30min J& L i A 0.2mlL. 1.0mol/L. A K,HPO, (¢/L) 2 15 029 07%
ORI 2R N o AR K AR et Sy M vl
s U B PSR LR 2 2. 1 A BN 2 1 4 E(NH).S0.(L) 25 15 282 0067
FREA 3 - PBA, #5 B —JE i BUR T R R B G 3-PBA(mg/L) 200 100 0.53  0.635
290nm Ak ) JH: W S {E, AR R AR dE il 27 R (y = H %14 pH 72 68 0.19  0.860
0.0207x-0.0123) 7155 3-PBA & ., BAE Rk J B (mL) 50 30 425 0.024
1 F B Bh R f# 1.0 3—PBA JIT 75 22 (14 FL B TR a2 L K R (%) 5 2 298  0.058

A — A f WS 1 B (U/mL)
1.4 Plackett—Burman 3LI&

ARSI BE A N =12 pysgixit, LL 3-PBA [5fif
filg i 1 MR AR, F AR SRS K,HPO, (A) (KH, PO,
(B) .MgSO, - 7H,0(D) .(NH,),S0, (E) & 3-PBA
WHE(G) IR ER G pH(H) WA (T) (i
(K) X 3-PBA [T, FH SARS #4-XF 58
SRR I TN IE, FAR A IR T E S Al E B, k8
P <0.1 pIRIZRAE R BRI R .

1.5 MRz @4 #73R 58

SR JFH 5 [ TG 3¢ ST 56 e 3908 e T 5 2 X3, A0 A i)
IAT R TR RTINS a8 = B Ml N V= I |
EA v/ A CI 1S by SR B0 3 = o S B N 6 e S VA
FNAE BN, B2 3—PBA R A 9 Ak 2514
2 ZR5IHE
21 ®hpEBEEINFEERER

LA 3—PBA R fi B V& 71 W N AE (YY), B R E
B A KO, 55% 3 a5 AT A B 8850001 92, 4%
R 2K 159 %% 7 B B S 35 PE 43 M L 5% 1, Plackett—
Burman SZBG 3T S5 ULER 2, AT LAE H, 1 95 4
Hr (NH, ),S0, ¥k B 8% 57 5t 2R W & A0 422 Fh i %o
3— PBARES# B 7 52w i 25, FCWT A5 5 AL 90% L
(P <0.1), [ fER FEHFE I — LB H L,
TP B sl 22 ) B D) AR s L350y () A T 7 A R/
W2, TEASUN %) B 28 15 B AS v 1, 41 bk m] A 2 1 58
Sy RS R B R H K, HPO, R 2R 2.0g/L,
KH,PO, >4 0.5¢/L MgSO, - 7H,0 & 0.2¢/L .3 —PBA
He i g 200mg/ L W 4h pH g 7.2,
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2.2 i Nz TE 43 # D R B RE

K HE Plackett—Burman SZ86G 25 T EZHFE W
T 58 NC 3 B A7, L B v i 3R A LA W 3 IR AN,
RN s (NH, ) ,S0, ¥ A W3 036, Mg/ R
PEIX 3 AP RN LA 5 5 B AT AR A T W)
R TRV MG R LFE 3, TTLAE 56 4 4
SCS SRR W R AR I R T B v, R LA 4 ZH oK
S Shy i 07 T S 985 1 HP s A, B 250mL TR 8%
FrILBEWE L 60mL 2R &L (BT 0D, 24 1.000)
k6% (v/v) (NH,),S0, ¥k 0.9g/1.,
2.3 MEMBEmENRLEY

K Plackett— Burman SC5 i 1 M A5 R, 2E 4
Fh IR R W & (e AP D (NH, ), SO, ¥R BE 53 BIFE R
AR X, X, X, , ARG TE VE Rmm NAE (Y) , R
SARS #4147 Box—Behnken SZHG¥ I, gh SR WLk 4
X S B B E AT [ VA A0 7 22 43 M, S8 57 T U e N T
ETAAY , SR o R F K, e IR LR 5, mrLh
T, SRR R R R A 0 S M 0, e VR I L RPN
(NH,),S0, ¥R i~ J7 W XT 3—PBA REf# B 1G 77
HAT W52 s BB P (B /T 0.0005 , U B ik A5 7Y
7R MG R R N 0.9871, Y R %L Adj R
A1 0.9638 , FeBH ik a1l U5 Jy 2 4 L5 R B e, OO A
5SS E = 18] B A v BE B AH DGR, T LR T T
R TS T o

FIFH SARS FRAXT S s B AT/ G, TR £ 0T
TWEIHFT R K.Y =25.67-1.175X, - 1.06875X, +
0.12125X, - 1.68375X} — 0.25X,X, + 0.615X,X, —
3.31625X3-0.0475X,X,—-1.39625X:
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b A A
#3 RS KA
X CHHER X, BRI X, (NH,)s0, Y FERE
SRS Tt 1i%
(mL) (% ,v/v) (L) (U/mL)
1 45 4.5 1.8 14.74
2 50 5.0 1.5 18.63
3 55 5.5 1.2 21.82
4 60 6.0 0.9 23.01
5 65 6.5 0.6 18.39
¢4  Box-Behnken SZIG 45 5L
SRS X, X, X, Y(E%fﬁ;j
1 50 5 0.9 22.55
2 50 7 0.9 21.08
3 70 5 0.9 20.76
4 70 7 0.9 18.29
5 60 5 0.6 22.25
6 60 5 1.2 21.97
7 60 7 0.6 20.04
8 60 7 1.2 19.57
9 50 6 0.6 23.98
10 70 6 0.6 20.34
11 50 6 1.2 23.61
12 70 6 1.2 22.43
13 60 6 0.9 25.78
14 60 6 0.9 25.36
15 60 6 0.9 25.87

T AS B B AR R SR A, X 2 o Rk B U7 AR
Sy sRH — B w5, A 7 FR A B RIRE AR X, =
-0.3434,X, = - 0.1479, X, = - 0.0297, # 1 15 5|
3—-PBAREH B G 1 i) B R AUEMAE A 25.95U0/ mL, ILHT
PR AL AL L (NH, ) ,S0, ¥ B B AR 53 59
56.6mL 5.9% (0D, =1.000) .0.9¢/L.,
2¢5 Box-Behnken 52565 22 0 M 36

Ji R IE df SS F p
X, 1 11.0450 56.6919 0.0006
X, 1 9.1378 46.9026 0.0010
X, 1 0.1176 0.6036 0.4723
X? 1 10.4677 53.7289 0.0007
X2 1 40.6062  208.4240 0.0001
X2 1 7.1982 36.9470 0.0017

X, X, 1 0.2500 1.2832 0.3086
X, X, 1 1.5129 7.7654 0.0385
X, X, 1 0.0090 0.0463 0.8380
FEEHY 9 74.2906 42.3688 0.0003
R’ 98.71%
Adj R? 96.38%

FIH SARS A2 H w7 TaT 43 AT 1, an el 1~ 15 3
iR MNHn] LUE ), W &= 2 & & (NH, ), S0,
e B 5 B D7 Z A AR FEAH MR, A 2 e B AN Fh
T R i TR N ) R B R B S M 4R R |
(NH,),S0, ¥k & 2 1E fefE /K EF, 3 - PBA [ £ g
WG TR 25 R e 1) B e B O R N, R
56.6mL B}, B ) B o 5 2 BE U i FIT(NH,, ), SO, ¥ 3
[ TE B A AR 32 R 5% 38 % 5.9% ,3-PBA
Re it Tt v 0 Wl 2 $2 v, T 24 I — 25 N4 b e, [
RS 1 T T B
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W P
0.9 -0.9 X

X, -0.9
BT Y = 00X, X, ) WL 06T 57 A

ZO'SRWM
0.9 09 %

X, -0.9
B2 Y =£(X,, Xy ) WS S AR5 B

25

20

X, -0.9
B3 Y = 10X, , X, ) 0L 1 57 k5

B NESCE 45 R WoR , TE LA 25 F 155 3-PBA
R fireliEg ok 25720/ mL, S T0II{E (25.95U/mLL) $23fT
A DLAZASE IR AT DAL L T00 £ Ak 5% 37 45 4 3—-PBA
R fi B 35 7o i S5 U0 AR T 12.38U/mL #H Lk, [
BN 1 R A& T 2 A%
3 it

if it Plackett—Burman ¥&i1-5 0m W v AH 45 G 09
SR T B SARS HHRIEAT (M 500 8 T
BB ST T AT 3—PBA WA B 2 6 PR 0 1AL 1L
¥ IR AL rp K HPO, ¥R B2 24 2¢/1 KH,PO, ¥R R
0.52/1. MgSO, - 7H,0 ¥ £y 0.2e/L . ( NH, ),S0, #
FE 4 0.9/ 3— PBA & 3 200me/L K ¥ pH7.2
250mL #E T Jfi & WX B b 56.6mL | $2 Fh & (P T
OD, 25 1.000) 25 5.9% (v/v) B}, 3—PBA &S BifF (1 175
IR E) 25.720/ mLL, B 2 ARALET R4 T 2 5.
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W B EMEHFRTEAET PR - KHE AR R Y A AARD S5 BIE LR W EHRRMEARF = A6
NH; st TR 58EALAAG, FHhER,Fm1.5%AEHG(40~60 B ) Fihn 2% Ak 6 (20~40 B ) K 2%
1538 LAt AR A a5 A AR B EEE S, L PR 1L.5% #9 A 6 (40~60 B ) TR & 20% ,
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Effects of controlling ammonium in
Bacillus amyloliquefaciens on oc—amylase fermentations

LI Zhi-peng, YU Xiao—bin“ ,ZHANG Cui

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

Abstract: The addition of synthetic zeolite and bentonite is very useful to control the NH,” level in fermentation of
Bacillus amyloliquefaciens to product «—amylase. The experiment indicated, when the concentration of synthetic
zeolite(40~60 mesh) 1.5% ,the synthetic zeolite (20~40 mesh) and bentonite was 2% , it could effectively increase
the yield of the enzyme. The addition of 1.5% of synthetic zeolite (40~60 mesh) can increase 20% yield of the
enzyme over the uncontrolled experiments.
Key words . zeolite ;amylase ; ammonium
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AR B T 19 K ST X T GE By i A 1 AT AR R 5 Cronstedt & BLAHT ), & & Zeolite — Jii& 2 £L 1

M o AR B AR B8 T X T o= TE R S o AN
B9, a2 A B AR B T 2 o) 5 B AR AR AR (3
SefF Al oo Al ) o BR T AMIMEAR B T RS, By TR
HerpE IR A T AR A I A B AR B T O A R e
o= FERT T ™ AR A, 1 3R B v A AR S S LU
A, R A e R A AR R, i
BOW R IR G, NHY W 2 R B R W e
WA A= i it NHY 25X) o= GE K3 B 19 5 il
FEAAR 5 RIAE il N o R 3 ARt 2 10 6 7 1)
Bl PRI NH 78— 3 2 59 9 BN &+
LR W A R 1756 4F HR Hi SL ) 2 K FALE.

I fE HH7:2009-01-06 =+ i@ iFE & A
TEEBN 2 Em(1984-) , B LA A AT T @ AR B,

SJBEANE 4 A8 0 SRR, R TR R =4k
fiRLE . B AT, A2 B E) KSR B A A 3T 50 4%
Fh, HAFRaE Ry MY - ALO, - xSi0, - yH,O0,
WM i A R AR A JE B RS T Wk B e
B BHES T, 3k 02 IR 2 #5509 7K Ak BH 28 1 3¢
MEFZ TR A TP BH B M 36 A X EA B iR
PEA B ES T 7K AL AR B YR /N T 38 R, WO A X NHY
ELA R En e e otk o NHY A R i
BVER T NH, X B 4G i A AR R iz, {E kA
TERBE T i i FHTE B N R A i . A 52803
o E R PR 1 5 5 T S TINAS ) e 3 1 N 3 ol Ay LA % i
T A DAl B AR AT = 2 0 NHL WA T s 31 4 v B
ARG S 4TI VER B RE T 0 H 1Y o
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