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Isolation, Identification of a p-fert-Butylcatechol-Degradaing Strains and

Optimization for Its Degradation by Response Surface Methodology
HE Qiang-li, LIU Wen-bin, YANG Hai-jun” , PENG Xiao-xia, GUAN Xiang-jie, HUANG Shui-e
(College of Plant Protection, Hunan Agricultural University, Changsha 410128, China)

Abstract: A bacterial strain YH1 that used p-tert-Butylcatechol (TBC) as the sole carbon and energy source was isolated from the
activated sludge of the wastewater treatment plant of a chemical factory. The strain was identified as Pseudomonas corrugate by
morphological characteristics, physiological and biochemical properties, BIOLOG and the 16S rDNA sequence analysis. The degration
rate of TBC was above 82% with an initial concentration of 500 mg+L ™" at 24-36°C and an initial pH of 7. 0-10. 0. Through single-
factor experiments of its degradation characteristics of strain YH1, the results showed that its optimal additional carbon and nitrogen
sources were sucrose and tryptone, the optimal temperature was 30°C , the optimal initial pH was 7.0, and the optimal inoculation
volume was 2% . In order to improve the TBC degradation rate, the concentrations of sucrose and tryptone and initial pH were identified
as the main factors by Placket-Burman Assay. Then these factors reached their optimal region by Steepest Ascent. Finally, the optimal
levels of those main factors were further optimized using Box-Behnken design and response surface analysis. The optimal conditions
were as follows: sucrose concentration 3% (p) , tryptone concentration 1. 44% (p), TBC concentration 400 mg-L’I , initial pH value
8. 12, inoculation amount 2. 97% (¢ ), temperature 30°C , training time 96 h. Under the optimal conditions mentioned above, the
TBC degradation rate reached 98. 21% . Enzymology analysis and localization experiments showed that the TBC-degrading enzymes were
intracellular proteins and the synthesis of catechol 1,2-dioxygenase (C,,0) could be induced by TBC. Through design of specific PCR
primers for the degrading enzymes, the gene encoding the catechol 1,2-dioxygenase was amplified from YHI. It was found that genes
encoding TBC-degrading enzyme were located on plasmids by the plasmid detection and elimination experiments. In addition, YHI was
tolerant to high concentration of NaCl and many kinds of heavy metal ions, and resistant to multiple antibiotics. This paper provided
some information for the effective treatment of complex industrial wastewater.

Key words: p-tert-Butylcatechol ( TBC) ; Pseudomonas corrugate YHI1; response surface methodology; catechol 1,2-dioxygenase;
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WIRIY) . S AL 3 AU, AR R JKORE A S
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PR DL 2% $2 A it i A 2] TBC ¥ B 43 51
50, 100, 200, 300, 400, 500, 600, 800, 1000
mg- L™ 36 £ 15 35 H 1 ,30°C | 200 remin R 35 1
F2 7 d, 02 mL BE SR Do, 18, [5] B 35 77 0 2 0
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JR-SDS 17 HAK L B . P B 7K A E LB
e 37°C . 200 remin ' $53E 12 h, 4% 2% R
M F] 100 mg- L' SDS (1) LB £ 35 5 ,40°C |
200 remin "'} 3% 24 h, TR 2% 4 R 0 R OL BT 3R
W LB 333 ,37°C 200 remin "'} 55 12 h, 4%



2698 A 5%

B 36

DL b B A Al 58 B B 1 R B B & SDS Mk R
500, 1000, 1500, 2000 mg-L~' () LB 3% & 3.
R R A= K B SDS Wk B B KA 15 37 W, B B B
F 10 VIR B A T LB M b R ok
T IS T A R A7 B2 AP 2 LB ORIk 38 1% 55 25 A SF M
b XTRETE LB P b AR KT AS BB FE Bk B 1 R A
A K TR R AT RO A U

1.7 ik

L7120 o B A DU

K AT UL 3 56 56 BE VA HE 600 nm T 2 8% FF W
ARG E (D ) -

1.7.2  TBC ¥ B iyl &

7 9206 SR FH CHE 9 43 06 6 B s TBC g
T 2 mL B SR O A SRR T5% £ R,
10 000 r-min ' B0 10 min, B E 3 1 mL i A £
100 mL 5 FrjffiHr. 7K 229 90 mL, fin = S b8k i
5mL MK BERZZE RS, #5585 min 5,0
KR 2, FE 425 nm K 43 60 BE I E Y
WEOGEE. TRl BARRR] 25 11, A o RO B ek 25 K R A8
F Y IO, 22 A IO FE
1.7.3 RS 1R 5

53225 SCHR[26,27 T 4B 28 — W 1, 2- XU 4 iy
(C,0) FIABZR 1 2, 3-8 40l ( C,, O) A £k B
LB T 04 7 ) A R R TR R 25 R ORE A TR o 1 L 40
HAE 260 nm 1 375 nm LbA KWW lgE. C,,0 M
C; O [l 3% 77300 7 LA BAA57 Bsf [B) PN R 7™ 49 43 ) 4 260
nm I 375 nm ZEWOE AR IR . VKR A 8. 01
mL 4B Z M. 0.39 mL @R 2% P (pH =7.0) Al
0.6 mL HLEG W, LAZE il Z 16 % L C, 0 (5
C,, 0) 1 S B4 (U) Sy 25°C £ N 5435 B2 vy A=
1 wmol j= ¥ P it Bl . S04 11 & & H Bradford 35l
E, LI 2 0L 4 L 4 Easy Protein Quantitative
Kit 35550 & 56 P 45, Bl A9 LU 3% O DL 22 5 i B 1 o
v T S T TS ) B RO AR

2 ER5ITR

2.1 RS aife

AT T U8 H ) i A AR B SR TR TR 2R i
J5 A5 35 Bk TBC FEfig . i i & 45 3 1 #k TBC
Ko A% B 0 Fc i IO TR AR , A 4% 8 YHIL. FE IR AT, 1%
16 TBC ¥ & Jy 500 mg-L~" (0 ¥ #8555 Sk v, &
30°C , 200 r-min ' $53; 4 d W {fi TBC & i % ik 5
85.6% . KM B IIAL IS, % 0 nT AE 4 d Nyl
600 mg-L~'f#) TBC [&f# 54.9% . K - 4°C &}

WA — 80°C 30% H il K 303 44 5T 11 ok
2.2 BERRMLEE
2.2.1 JEASFRIE%E

Rk YHL B 2R . ., bR .
NGHEFT BT A LR BT AR, WK
20 AT il A MR A JEE, TE 2R, S Al
BEWLEIZ A TE LB ORI B 15 77 56 A K00 T bk 4t i
S5 LR I AE A 2R 1H 4 A A B2 R, i TBC
WU {65 32 TR 40 e 2 T HE VT L R A AN Lk L TR
JBivE (BT AR 2).

B 1 YH1 7 LB g3 B R ( x20.0000)
Fig. 1  Electron micrograph of YHI in LB( x20.0000)

S$3400 5.00kV 14.5mm x20.0k SE 8/1

E 2 YH1 7£ TBC g B B ( x20. 000 0)
Fig. 2 Electron micrograph of YHI in TBC( x20.0000)

2.2.2 A L%E

PR YHT AR B0 A fb 48 A5 R o 8 22 1 4t B 4
SR I | SRUAk S BE L 2R T A R G B
[ 15 o S K ) ) 1SS K N i = S R
SRR . WY R R R V-P S M
SLATBAME L B R A PR | AT 4R R B, 4°C A
40°C i A K A s M. Kbk YHT 20 B 07
WA E] BIOLOG GN2 i L, #59% 4 h A1 16 h
Jei 3 0 e B AR S 2. 2 BIOLOG 411 25 3 &
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g8 5y M, B OBR YHL Q45 20 5 98 0k R e
( Pseudomonas corrugate) WAHIME: 7 90% .

HA RIS B, AR YHL BEAE 2 s m
1.5 g-L°'"Pb*" [ 1 gL' Cr°  2g-L7"Cr'" 0.5
gL' Cd®", 0.8 gL' Sh’" 2 gL' Mo’ 1.5
gL' Cu® Ml 1 gL' Zn®" 1y LB 85 323 p IE % A=
KT 1 gL "W PH>" Mo’ | Cu® | Zn®" W] {2 gk
BRI AR T Cd®" L Sb™ | Hg' " | Ag” X E#k 1 A4
KA SRZUA . 25 B i 25 R R W ik YHI
BEMH 32 5 pmol-mL ' AEHE . AT HEER. KK
BR . HWER, RIBGER. 45K, LauElm,
77 X5 U 24 3R Fl R K 75 3R UK. B PR YHIL BEAE NaCl

WRER 1% ~T% ()3 £ 15 95 5 b 4= K, 3R W1 Bk
YHI W] 5 ) 458 g 5 7 He i BR R
2.2.3 iy sE

B #k YH1 f) 16S tDNA £ PCR § "1 E 5] 1 4
#31.5 Kb iy DNA Bt i 7 2 1 441 bp (7 51,
YH1 {4y 16S rDNA J¥ %] ( GenBank *# # 5.
KM658326) 5 GenBank % 4ff 2 p & Wi 3¢ 1 168
rDNA 751347 7] J5 1 L B8 43 BT, 45 R i 7R % R bk
5 Pseudomonas sp. B AR & W R EM: (99% ) , 454
BERR YHL 598 25 A0 A BEAE A 4R AIE , 58 58 T bk YHI
N SR B # ( Pseudomonas corrugate ). Fl| F
MEGA6. 0 HE R ge K &R, 45 R WL 3.

y-Proteobacterium (AY539821)
97 | Pseudomonas ficuserectae (TN644593)

81 Pseudomonas protegens (KJ748606)

87 Pseudomonas fluorescens (JN228208)
Pseudomonas syringae (JF327448)

YHI1 (KM658326)
Pseudomonas saponiphila (IN033556)

Pseudomonas chlororaphis (DQ682655)

Pseudomonas tuomuerensis (DQ868767)

Pseudomonas guangdongensis (JX274436)

0.002 100
| S
100
99
Pseudomonas jessenii (AF068259)
Pseudomonas seleniipraecipitans (FJ422810)
|
99 |
3 EH YHIHRZEEN
Fig. 3 Phylogenetic tree of strain YHI based on partial 16S rDNA gene sequence

2.3 TBC R id 45 S 5 B A At e 1 0l
2.3.1 PR BE AL YR

P2 ) & U0 W R PR YHIL i B2 HCE) TR A
DNA, F Bk F 15 Kb. 4> 5 F FH C,, 0 ( G120F/
G120R) . C,,0(G230F/G230R) 5| ¥y %} 1% #k YH1 fiy
SLPZH DNA 3E47 PCR 974% 45 R K 519 C,,0 f1
B2 A 1g = (1&1 4) 1m0 C,, 0 519 e B Wi 3 1
PR KRG A TR R T 1, 2- 0000
SRR R /N 251 bp 19 7 B T b x4 SR R B
AR I S 3 SN 5 o IS e e = |
ABO47272. 1 fY4RZE By 1, 2- 00 42 i ¥ 37 [) V5 1
i 8B 86% . iz R R R BRI 2 3 g AR

TR AR AR A A0 T A DA R B TR
2.3.2 G fif TG PRI

i A 0 E B R YH Rl R 4B K )y 1,2-3L
T AR T FIAR A U 2, 30U 4R T ) 9 P, 020 A
KH MR YHI Bfig TBC g U & 4e. Wtk YH1 MBS
WEPER I AN 1 7S, ARl e bk YH 38 i 48 1
TR iR A2 i TBC. BRRRY IS b3 W 48
T 12000 A T O R O R T R MR TR A b
WP RS PE , bR DL N B . DL LB g R
SRy L J5T R T b RS oA ARG I B TR 9 T 5 B R
SIS LR T LB g IR 2 b U IO T A AR
AW 1, 2-R00 AR R 5

£1 AEAEFRETPEB1,2-WNKRELLFH(UEEARKRIT)/Urmg ™!

Table 1  Catechol 1,2-dioxygenase specific activities in different substrates (protein)/U-mg ™"
Y5y it H AR W 2, 3- XU AU LL T AR W 1, 2- X000 SR LT
NeoN A\T \T“ I . +0.
LB 72 3t LR A I 3] 0.002 =0.000 4
HEL A A 3] 0.004 +0.000 1
bRl SRl 0.031 £0.004 7
e IS i {1&1 *Yl{J‘J 3 *
HHL I AR A F 0.145 £0.006 9
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i

A 3%

R

2000 bp

1000 bp

750 bp

500 bp

250 bp

100 bp

4 PEZB,2 WMEBRERFROTESY
Fig. 4 Fragments of catechol 1,2-dioxygenase

gene amplified from YH1

2.3.3  JFCRLAG U RN T B 2

S FH 6 2 5, 0. 8 % Bxt I W U5k Je v Tk & 30 T Ak
YHI BA BRI TR (K S) , R/AKT 15 kb. &
AR i -SDS ¥k 1 Bk RS i i 5 A 245 E) R B
LB - # b A K i A g 18 X A ¥k B R 500 mg- L
TBC {) MS 5535 3 A b A K A bk (B 6), Bk
THBR AR AT IK 24. 5% . 28 kLA, 78 BORL I BR IS 1Y
AR TR R R BUTORL (1B 5) . 3K U B 28 J5 R T R
Jei B AR A RE R TBC 1E 0 i — BRI E A7 42 K, B
A) 25 H 7€ TBC AH SR i 3 R F B I, 33k o i
— B WFY YH1 B RE R % TBC 1Y 38 72 1 W fift WL okl 2
fE T — 2 e SR
2.4 TARRREMRICYI RS MEDESE

FHAE B AR K PRI 2 Uk TRV TR A 1P A L B R
7 d, 85 Rk AR YHL 43 576 S8 R . ORI
TBC, M, = (B 3) & F ke, F IR A
CIETE . TR R R N . L SR R R A M — e R
MEE IR BSR4 d 5 PR EERC R T R
Horp e Ll TBC, 4P 28 — W . 2K % 0 IS 1 Al
24 h E B T Y. TAE T d e AR X R T
Rl RH RN, 3,5- R K B R . T K KA
BEORBR R . ORSUEIR . BRI R N, 1-10-3E W
NN 7 S e N U /N G g = Y )

15000 bp
10000 bp
7500 bp
5000 bp

3000 bp

1500 bp

1000 bp

500 bp

(1) BFA R, (2) RALR
B 5 AR S RAHBRER ISR
Fig. 5 Detection result of plasmid extraction and

after plasmid elimination

(a)LB; (b)TBC
B 6 LB5S TBC ZEI3TER

Fig. 6 Comparative result between cultures

on LB plate and TBC plate

I — 5 VAL 119 S B R 2 3 B V% 7= 2. TBC RTAR
T TR A 4 RO T A L B TR OR HLE 4
Wi B S8R 1 S AT AR AR 5 W TR R YHIL [
2.5 BBk YHL K KX TBC B 52 i
2.5.1 TEHk YH1 FlJ TBC A=K Ffffi TBC 2k
KB BE YHL 380 F 5 500 mg-L~" TBC f) MS
B3R ,30°C | 200 remin " FEPR B 3R 50 B HURE I
ERARA K S K TBC. 4558 mp 7 fros, el A,
YH1 B Rk 59 4 K [ 25 5% TBC (Y B, BB vk 9 2E
KRR LB Z W R 0 ~24 h, X —if 8] Bt
YHI1 400 B TBC AH G B ff B 09 5 S 300, TR bR 76
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24 ~96 h #E AXFEO , KHE 96 h e KR A K&
L3 0. 65, kit TBC [ HRiAH] 92.35% .

0.80 100
p
180
_ 060 .
S {60 é
15 0.40 &
K 140 ©
H &
0.20 L &ﬁ%
—o—pfxR 120

0 24 48 72 96 120 144 168
BRI/

B 7 E# YH1 5 F TBC £ KM TBC 2

Fig. 7 Degradation of TBC and the growth of strain YH1

using TBC as the sole carbon source

2.5.2 R[FEPREE AR YHT A FIRESE TBC 1520

R T WS R FR R %44 R bR YHL XF TBC ()
B 1B 00, e 4 TBC ¥R B | IR | Rl . 45 pH.,
AMIMERIE . A AR 5 A 52 2 AR O BF 5 5
ZLHFAT R RS, LR A R R WIAE TBC ¥k B AR
F 500 mg- LA, R R A K 5 TBC #e B Sk k%
F TR AR A K 1 R i 2% (] B 3R B B K 2 TBC ¥k
B T 500 mg- LB, Dy, {5 F1 TBC [ fi% % TBC
W BE R AR /)y SR WYk BE TBC 4] 1 AR YHI
A SO X TBC Y R A TR BR YHI 2E KRN i
TBC {3 FLIR G Ry 24 ~ 34°C, 7E 30°C I I Bk
A RTS8 0R B A K, B 30°C ) 25 1 o O e
TR . YH1 AR AR5 i 0 I 51 IR 2 Ry 34°C i
HEBE, AR YHL (9 AE R AR 5 (8 S8 A 45 1k B Ak
YHI () el 2 Fh & R 2% , M & KT 2% B,
YHI By AR RIXS TBC R fife 56 (0 3 oA B . 78 bk
YHI 7€ pH 7.0 ~10. 0 Ju[F A X TBC [ fif A 45 w5 1
R B eV O R ) PR S Hh AT B Bk YHIL AL hE
by 2B A FNBE i TBC.  FeEAE R i 2 1 R A Ay S5 o A0 o
T IR RI U , 3 WS I AT S R R YHL A 2 KR i
TBC fig J1 15 4 W & i 42 7t
2.6 [tk YHI BEfi TBC &0 4k
2.6.1 PB SIS it Ma5 R

¥ H N =12 Placket-Burman SZI46 438 3% YH1
X TBC (1 B A 28 7= A e 1) 7 AN 3R, B 4 S0 40 1
B3R 1 A EE R FR R L G 5 K- L 3% 2, LS
BTt DL TBC R A 258 A W 1y {8, A Bly 52 30 15 1+ 5k
Design Expert 7. 1 #E47 8045 4007, Fe g5 Rk 3 or
JN. R RS R R e 3 MK B 3 R X TBC
FS RS AL SR VI

%2 Placket-Burman iZit & HE 5k FE

Table 2 Plackett-Burman experimental factors and levels

ST W% fle( -1) (1)

X, Dummyl
X, BENE/ % 1 3
X, TBC/mg-L ™! 400 600
X, Dummy2
Xs A/ % 2 5
X JBe2E A R % 1 2
X, B/ C 30 36
X B 3 bt ) /h 48 96
X, Dummy3
X1 W h pH 5 8
Xy, Dummy4

1) Dummyl ~4 Jy2s (1R &

MR T LIEH, L 9 B9 TBC B iF R i
5,1k 96.29% ; SC 4] 3 1) TBC [ R K, A
23.45% . Y4525 BOHE R F SPSS V19,0 #1445, 1l
BN

Y =69.78 +0.87 X, —2.84 X, —-9.15 X, +
9.10 X, —4.68 X, +3.15 X, +21.28 X,
X, WA, % X, i TBC YR ,mg- L™
X,y YHL BBk B2 Rb i, % 5 Xo R JBE 2R 1R U
JE,% 5 X, RIREE,C 5 Xy REFREE by X, R H)
I pH; X, X, X, X, H2s AR &

W i Design Expert X470 #r 45 B AL P Ny
0.001 5,3 B B 45 [m] 9 7 /% 3k 8 4 2 3%, RV I2 A A
TE W WFFE 0 A ] )T X B0 A MR 4 AR C &
R* =0.960 4, Ut B M S MRS AF 5 A% IE D 2 R 8L Adj
R*=0.8912, % 1] 89. 12% K 5 B K45 19 7% 53 1k
AT O [l 09 4SS R Ok i R Gl E IS LT AR fk R B
(C,)BEAK, 5256 1Y T {5 B FOKS o 3 8 &, C, (5%
F12.94% , 7R PB SCH 1) 0l {5 B HURS 6 3 548
K5 % B (Adeq Precision ) J& A7 & 15 5 F g 5 19 L
B, KT 4.0 # & B0, A 52500 4% B 35 %) 10. 225
HRHE 1T 43 B 25 S (L3 4) , N 3R 4 af S 4% F it
(YHI D5 B R MO R b ) TR 2R 1 RV 3 1 e
¥1hs pH X TBC [ fift 56 47 76 I 3 5 ), b ) 4
pH 1 P {H /N (P =0.0012), % & ¥k YHL [ fif
TBC 2 R 5% Wi fie b %, H R 2 M & (P =
0.0246) , IR AIREAMWE(P=0.0251). H
fb 4 AR ZE BEREVE B . TBC #e | IR . K SR
] P {E ¥ K F 0.05, % TBC & fift 3 % 47 9 & 5%
M. m UL, W ER pH L B AR R (R kR R
M TBC R fif 58 1) G B IR R
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= 2 36 %

# 3 Placket-Burman L8t 548"

Table 3 Design and response values of Plackett-Burman experiment

éﬁﬁ% X] XZ XB X4 XS Xﬁ X7 XX X(J XIO Xll TBC F%%%/%
1 1 1 1 -1 -1 -1 1 -1 1 1 -1 85.57
2 1 -1 1 1 -1 1 1 1 -1 -1 -1 61.56
3 -1 1 -1 1 1 -1 1 1 1 -1 -1 23.45
4 -1 1 1 -1 1 1 1 -1 -1 -1 1 42.56
5 -1 -1 1 -1 1 1 -1 1 1 1 -1 94.32
6 -1 1 1 1 -1 -1 -1 1 -1 1 1 92.70
7 -1 -1 -1 1 -1 1 1 -1 1 1 1 95.25
8 1 -1 1 1 1 -1 -1 -1 1 -1 1 24.94
9 1 1 -1 1 1 1 -1 -1 -1 1 -1 96.29
10 1 1 -1 -1 -1 1 -1 1 1 -1 1 83.34
11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 55.21
12 1 -1 -1 -1 1 -1 1 1 -1 1 1 82.23

DX, ~ X & (R 2

# 4 Placket-Burman LI SR

Table 4  Analytic result of Plackett-Burman experiment

S BN FRE Pr>F Ak
X, 0. 87 0.11 0.756 2 7
X, -2.84 1. 19 0.3367 6
Xs -9.15 12.33 0.024 6 2
Xq 9.10 12.19 0.025 1 3
X, -4.68 3.23 0.146 9 4
Xy 3.15 1.46 0.293 6 5
Xy 21.28 66. 62 0.001 2 1

DX, ~ X, & X% 1

2.6.2  FhEeY: St 5 b

M) 7 T 0045 7 R A AE 25 S I I 30 X8 L A
F0 A3 A EL B S B, T AN S 3 AT fe K TBC B figt %
IX 35 5 P T A R LA T R

H4E Placket-Burman 5240 i 46 tH ) 3 A b 35 A
F AT FR B IE SR, MRS R B, A R 2R
HRAE Al 1 22 B0 1E 580 43 S PB b i) de v
FURARME. BT 4R pH FIEEE 1 M B XF TBC B fi
A0 RSN, IO A U B T B A R 60 ALN,
MR L. H Al R 2 BB Sk IR B Vi B 3% | TBC
Ji 400 mg-L~' | JEHE30°C | B5FEAtA] 48 h. B S5 %K

#5 BREEEIREHRERZBNNEER

Table 5 Experimental design and the results of steepest ascent

Gits  HRE/%  REAE/ % bt pH - TBC =/ %
1 4.0 1.0 6.0 87.56
2 3.5 L5 6.5 91.39
3 3.0 2.0 7.0 94.57
4 2.5 2.5 7.5 88.93
5 2.0 3.0 8.0 85.21
6 1.5 3.5 8.5 78.94
7 1.0 4.0 9.0 65.42

a3 A I 45 A R 46 pH B AR 1 R vk B A 1 B
TR AN, TBC [ A 28 52 Se 38 K5 Wi/ 1 7 34
M hG pH S 7.0, H: R & Ry 3% , JBE AR R R N
2% B}, TBC [fr R e k. It )75 3 (S0 b ek
O o7 DX, 5 LA Ay v AT e 2 TR 43 AT
2.6.3 0 TG 43 AT I B A A AR R A A

Ml 7 T3 B i 02 1 R FHREZ N F R AR &
1 B2 81 )7 1, Hi v Box-Behnken 1 Box-Wilson
S RITINEE Rt o vl g o o T L O L AT TR
(RSA). HREAH L A9 52 56 3% T F k47 52 56 J5 , % B0
HEAT R WU ABLA 15 47 28 B 35 AP J7 I ik
iR e Ja AE— 8 B KT B R R AR AR S i
FTRCEBOARVIGUE . 38 2o TE 3 B A% v 0 o B i 55
B K S DA IR pH L 2R R AR 1 R
WX 3 R o B AR &, DL TBC B fiff 26k i [
B, &1t 17 3 B 3 K1 08 e B T 43 B S gL S8 g
It AR WK 6.

18 A Design Expert ZAFXF 17 A~ 5256 & 1 1R g
A A7 1 H 538, 158 ik 2 0y 2
Y =97.5-1.79A -2.21 B+1.02 C -1.87 AB +
2.49 AC -3.17 BC -6.99 A* -2.25 B> - 11.58 C*
A[rf, Yol TBC BEf#EAR AL B, Coril it | JE
BB, W4 pH G ME. MXRK R =
0.962 7, Ui W] J5 & 1y 3 & BEAR 4, w7 DL H % 5 18 i
e Y eE SR

T A g P {HO. 000 33 /N F 0. 01, 13 B % 4%
RUZ . 4546w i oA 3 4ERI (K8 ~10),
AW A 25 2R ) 0 38 BAE T, 4% S50 45 A
FE X TBC B fff S5 (1) 52 i) A 2 f] B I 2 M 6 &1, X
M) 7 1L 118 552 W0 7 7 — A
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% 6 Box-Behnken LTIt RER

Table 6 Box-Behnken experimental design and result

. i/ % JBRAE F MR/ % B4k pH TBC i fif
Xs G Xs X i X X i X, /%
1 3 0 2 0 8 0 97.34
2 3 0 3 1 7 -1 84. 86
3 3 0 2 0 8 0 97. 31
4 4 1 2 0 9 1 80. 69
5 2 -1 1 -1 8 0 93.07
6 2 -1 2 0 7 -1 82.15
7 2 -1 2 0 9 1 77.82
8 4 1 1 -1 8 0 91.77
9 3 0 1 -1 7 -1 79.03
10 3 0 3 1 9 1 81.97
11 3 0 2 0 8 0 97. 48
12 4 1 2 0 7 -1 75.08
13 3 0 1 -1 9 1 88. 83
14 2 -1 3 1 8 0 88.49
15 3 0 2 0 8 0 97.63
16 4 1 3 1 8 0 79.70
17 3 0 2 0 8 0 97.75

3.00
&ﬂﬁ/%

z 2.50

8 BREABKRREMZERMEI TBC BHEENHN
Fig. 8 Effect of the concentration of tryptone and inoculum

volume on the TBC biodegradation

9 ¥k pH FniEFEX TBC BRI M

Fig. 9 Effect of the initial pH and inoculum volume

on the TBC biodegradation

R 7 J5 28 53 B Bl vl o, SR W TBC i
RIS HE P - R R JEE (X)) > i (X))

E 10 %% pH % E BB REX TBC fEfR K7

Fig. 10 Effect of the initial pH and concentration

of tryptone on the TBC biodegradation

> WG pH(X,). o X7 0 X3 %E Y A5 22 54
B3 X X X XY 52 ) s B B 0 XL X
XsXoo XX o F0 X XY BRI 3%

R Al 455 700 g A ) 7 AR AT O o3 A0 3L SR
R TR 3 M#A=2.97,B=1.44,C =8.12,
B4l i 2. 97% (@) . R EIRIKE 1.44% (p) |
Wihs pH 8. 12. IKEF, YHI B BEXT TBC R fif 22 (1) 5
KACMAE S 98. 21% .
2.6.4 IiFsZLe

Sk T R AR TR YOI £ o B 1 R A RO e IR AR
L5 ) TBC B 55 1k 4T 3 2P A7 5250, 52 B A il
TBC 1) B fif 2235 3] 98. 16% , SC 56 {8 5 11 I {H = [1]
B RAFPLE P, B IR 0E J7 B AR 6% LR L 90
T 4% P52 6 bR YHT B TBC Y52 . R At A
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Table 7 Result of regression analysis of the Box-Behnken design

Nl -7 A o Yo7 F A P WF

H 1005.79 9 111.75 20. 09 0.000 3 T
A 25.53 1 25.53 4.59 0.069 4 TS
B 39.07 1 39.07 7.02 0.0329 3
Cc 8.38 1 8.38 1.51 0.2592 ENTES
AB 14.03 1 14.03 2.52 0.1563 A E
AC 24.70 1 24.70 4.44 0.073 1 AN
BC 40. 26 1 40. 26 7.24 0.0311 e
A? 205.79 1 205.79 36.99 0.000 5 Wt 2
B? 21.38 1 21.38 3.84 0.090 7 ZNTES
c? 564.23 1 564.23 101. 43 <0.000 1 e . 3%

PS5 20 5 AR AL T2 0 2 i 45 R B R L AL R
{1 Foe LR A 2% AF AT R B pR YHL X TBC B4 e ik 5 42
5 6% A A

3 g

1 BRI T e TR R AT B ELME R A AT AL 0
IR S R 22 D20 S I O 9 4 3 Y 4 S A R
ML # ( Pseudomonas corrugate ) ¥t TBC W 254k &4
Fi9 ¢ i 1) 412 308 S 22 D00 OGS 2% T R 2B B 2 Ak

AR A 0 g R PR O T 98 A B B 3 3L R

18, 20 B OT A AL S WA AR Tl R
FOLAm SRR M5 H ey EERi®e
BT B, i A (5] I 52 RS 4 14 5% 1b 20 TR AR e 2
A BR A b A 8, LR R A CBORC R ) L
AWy, 3 B XU v (8] A3 ™ W i — 2D AU R 2 2

[F1) 37 28 ik 3 A T L P T T2 R T, 2 48 o 282 i %

I W L A B IABE RS A SEAT Y, A
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