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Abstract: Gram-negative bacteria growing on 3,4-dichloroaniline (3,4-DCA) as the only carbon source and
energy were isolated from dye wastewater. Two strains with great morphological differences, P11-1 and
L13, were screened to construct mixed bacterial strain, which was used to the transformation of 3,4-DCA to
reduce the toxicity of 3,4-DCA. By optimizing the proportion of the two strains to construct mixed bacterial
strain, the conversion rate of 3,4-DCA reached 73.33%, obviously higher than that of single strain. Both
strains were identified as Pseudomonas aeruginosa by morphology observation and 16S rDNA sequence
analysis. The transformation ability of mixed strain to 100 mg/L 3,4-DCA in 3 d was evaluated by single
factor experiment. The transformation conditions were further optimized by orthogonal experiment. The
results showed that the best conditions was obtained as follows: inoculum amount 3% (volume fraction),
30 °C, pH=8.0, shaking velocity 190 r/min. Under these conditions, the transformation rate was up to
89.26%. Especially, pH had the greatest effect on the transformation ability of mixed strain. GC-MS result
revealed that the main metabolite of mixed strain was 3,4-dichloroacetanilide. Enzyme activity analysis
indicated that the mixed strain had higher N-acetyltransferase (NAT) activity, that is, it detoxified 3,4-DCA
by acetylation.
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M BF A= s AR B i = e, NG, TR Sk
FEBREKTR 3,4-DCA BAEEE X,

TELMEMITFF T, AE TS bR T Je s b ik
£k R ) S AR O T kR R A
WANG VLB, B A% R RE S 38 i 2 Bk 1L Fn i
Ak 3,4-DCA #1715, 4.6 mg/L IRYI7E 7 d NAY
ZBRIK 75%; TRAVKIN 2555 FH 5 6 I A i B
( Pseudomonas fluorescens) 26-K 4b 34 i & He FF Jy
75 mg/L ¥ 3,4-DCA, TEARMA BN &MET, 15d
WEBRRIE 40%; BLAh, H55r B A g /A 1k
OGO OR B, oK R B ROA S W
( Phanerochaete chrysosporium )5t 33 d 15971
B 50%) 3,4-DCAT, DI EWF5E P AR IR &
BRI 8, HEEALEE 3,4-DCA 2377 4 Rk
TR A A AR REE gt — R &L
b, FERRFHIE ( Pseudomonas putida) S1 Xf
30 mg/L 3,4-DCA 7E 3 d WY LR F 8253 63.82%;
LI U955 % 126 /K B ( Myroides odoratimimus )
LWDO09, 4 d NXf 100 mg/L 3,4-DCA [HEBE N
80%. 3 T Al TR AR X IEC 1 11 22 B A R 45 v, R
XTI 2 BRAUE A THRT o e DR 40 2 0 I fi
SR R FAB T
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T IR TR A TR DL B SR A DA v R X RS 4 1
R L4 GC-MS J3H7 FIAH I il I35 A6 0 ff o 7 R 1 C
R L YR A M, DA B & 3 2 bR
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K,HPO,*3H,0 . (NH,),SO, . MgSO, . MnCL+4H,0 .
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SPX-250BSH- Il I fb 5354, LigHE BT
PRI A BRA T ; THZ-072HT BU%da fa iR 42 K
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FEHI N 5, NaCl N 10, BilEH 17,

MSM #5553 (/L ): NaCl 4 1, K,HPO4+3H,0
91, (NH4),SO0, 4 1, MgSO, 4 0.2, 1 mL 2k
T o & AR AT g/L ): FeSO4+7H,0 A 1,MnCl,+4H,0
1, ZnSO4+7H,0 K 1,

1.4 3,4-DCA B ERIIFE R ik

P K 10 mL #8 T 90 mL 3,4-DCA 5t f v i
4 100 mg/L ) MSM #5553k, 30 °C, 180 r/min i
ViR 2, FOCHEK B BB IS TR A 7% 100 mg/L
3,4-DCA [ LB [E{RK:F23 |, 30 °CHiFE 2~3d,
PRl K R AF, TRAMBO AR B R, S04k
IS 3~ 5 AR BN Al IR Y
15 HHRERE

PRRR 280 2% IR YL (0 J5 Ol 2 b S T SR Al 1 T
A, 16S tDNA JPHI il _FifgA: T A9 T AR |l
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Fil MEGA 5.0 t9 8 R G b .
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1.6.1 &k eyH &

Praifb 5 R AR RN S LB WA 3R 5L, 30 °C.
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g L3E AR HER K VR 3 K, TR T 4 7E 600 nm
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1.6.2 3,4-DCA #:At F g m

Fedph 2% (RFRS- 8, TR 4 1 mL #E
WHE4EF) 49 mL MSM Ki 3% (& 100 mg/L
3,4-DCA) 1, 30 °C. 180 r/min ¥LJK}EF 3 d, #
T ODgoo M 3,4-DCA Ji . 3,4-DCA Jfi &
W B2 SR FH R 30 AE B i ik (HPLC, AMnik ) W,
WAR TSR . Cighl, 4.6 mmx250 mm, 5 um; ¥ish
AH V() V(K)=60 : 40; it 1.0 mL/min; ¥
37 °C; KelyiK 254 nm; #EFEE 10 uL. 3,4-DCA
AR AT E I PR

D/% = 2L=P2 %100 (1)
Pi
A :D N 3,4-DCA 5465, %; p) MALBER] 3,4-DCA
FI BRI, mg/L; py MALHLG 3,4-DCA )5 ik
., mg/L,
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Table 1  Orthogonal experimental design
[ AN
FE K1 3/ (r/min) MREE/°C pH
1 190 28 7
2 190 30 8
3 190 32 9
4 200 28 8
5 200 30 9
6 200 32 7
7 210 28 9
8 210 30 7
9 210 32 8

1.7 RigF=#HnE

e A i B2 P A B R4S 12000 r/min 2540, B
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Fig. 1 Transformation ability of different strains to 3,4-DCA
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K2 Pl1-1 (a) 5LI13 (b) WHKIES
Fig. 2 Colony morphology of P11-1 (a) and L13 (b)

22 REERHGE

RRWATR LIRS T 3,4-DCA 64k RE 1IN IEl 4
JiR o TEAHFSEFR AT, MEbk L13 5 P11-1 4K
FUEA 1 1B, IRA BEXT 3,4-DCA #iib R,
iK# 73.33%, [AlET, IR A EHEXT 3,4-DCA 1k
REFA—PERRLI3 (1:0) M PLI-1(0: 1) AY%s4k
RAPEE 13.33%H1 29.95%, MR BFE ., BEHE
(LR KR R A i sl 5 R . bk R AR K
AT AL B2 R A AewT 3 d, R TRE.

73—Pseudomonas monteilii strain SB 3095

99| Pseudomonas parafulva strain JPR74

96

63

Pseudomonas plecoglossicida strain KLB01
66' Pseudomonas putida strain RSS

62

-Pseudomonas sp. strain 2b

Pseudomonas stutzeri strain IHBB 9574
100/ Pseudomonas sp. strain C3-5

Pseudomonas peli strain IHBB 9499
L13

0.005

IPseudomonas aeruginosa strain CPa_RR4
P11-1

— Pseudomonas oryzihabitans
100 L Pseudomonas Dpsychrotolerans strain S9-448

K3 Bkk P11-1, L13 B9 R G LR
Fig. 3 Phylogenetic tree of strain P11-1 and L13
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Fig. 4  Transformation ability of 3,4-DCA by mixed
bacteria with different inoculation proportions
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Fig. 5 Growth curve of mixed bacteria and transformation rate
curve of 3,4-DCA

BRI ULER 3. MR, REXRMAEN: #
PREE#E 190 r/min, #EJE 30 °C, pH 8.0, fEMLZMF
T 3,4-DCA $4bF 7 89.26%. Ry>Ru>Rus, W] pH
YHEA W AR ok, IR R, R
M fR /N B R IR, U AU e R R
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Table 2 Orthogonal experimental design and results

o A IS 3,4-DCA
T TR (min) RESC  pH | HHFE%
1 190 28 7 65.08
2 190 30 8 89.26
3 190 32 9 79.84
4 200 28 8 83.17
5 200 30 9 77.74
6 200 32 7 65.05
7 210 28 9 70.43
8 210 30 7 63.24
9 210 32 8 82.01
K, 78.06 7290  64.45
K, 75.32 76.74  84.82
Ks 71.89 75.63  76.00
R 6.17 3.84 20.37
#3 IERLE T TR
Table 3  Variance analysis of orthogonal test
SN SER df ¥y F P
PR IR 3 57277 2 28.639 119.755  0.008
i 23.595 2 11.798 49333 0.020
pH 625335 2 312.668  1307.443  0.001
R 0478 2 0.239
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RA W RAERE LA T 41E 3,4-DCA 2 d, H
R 79 %) HPLC A GC-MS 43 Hr 4t 5 an & 6 FEl 7
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250

200

150

100

Wi/ mAU
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Kl 6 3,4-DCA fUl™ ¥ HPLC i [&l
Fig. 6 HPLC chromatogram of metabolites of 3,4-DCA
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HELL 3,4-DCA MECRE, 4 2 WAk SO A il 32 AL
W=k 3,4-DCAA, 3,4-DCAA FEPEIR/N, HYIRE
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3,4-DCA {3 ek A KT AR 2 ik 2 it
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Fig. 7 GC-MS analysis of main metabolites of 3,4-DCA

SR, AT BIAN LA 0 B 0 o %) e A AR AL % B
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méﬁxﬁﬁ’:ﬁgﬂﬂiﬁ?}“ﬁﬂﬂ([s YOV R o ) 7 A e
A ARG T A AR R
25 BEEHNE
N-Z Bt S 5E RS Bl vl i fk 3,4-DCA L BEib A= ik
3,4-DCAA, [FRT ZEE5E A /KL CoA, SR
DTNB Kzl CoA 4 il (& 8), Jfiliid CoA 4
AR E N- B G REBTG 14 . W&l 8 B, X
A LF- B CoA WA B, Ak & A W & 1) CoA
A%, 7E 0~5 min N, CoA A= & 51 [a] 2 1F Fu )
KF, WITEGENE A 138 U/L; WS, W5 Yk A i
TR B PR R R K T, T 2 L PR R R R R
P25 St — U B TR A o B2 I £ s AR
& 3,4-DCA. MARTINS 25075 15 41 1 i) 35 A
BHIBT SO0 0, ELIE MM N- 2 Bk 3 5% B 1 S B %
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Fig. 8 Determination of hydrolysis of acetyl-CoA
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(1) EHIEASINEE S 16S tDNA JF51 53T,
290 A 4 W7 9 MR T 24 O A SR AR M TR L TR TR R
3,4-DCA AL b & T HR 1A

(2) IR HBEXT 3,4-DCA B A7 B8 155 AL 15
W1, 3 d X 100 mg/L 3,4-DCA AL 3R K5
89.26%.

(3) IRA I E 208 L Wi ek 3,4-DCA,
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