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Abstract ; Phenol and phenolic compounds are main pollutants in wastewater of coking factories. To identify the bacteria responsible for
phenol removal in the activated sludge of a coking factory, we isolated bacteria from the sludge directly or after enrichment. From two
samples from the aerobic and anaerobic pools,28 strains belonging to 28 species of 20 genera were obtained after identification with
BOX-PCR and further 16S rDNA sequence analyses. Most of them belonged to 8- and y-Proteobacteria, four of which are potential novel
species of low 16S rDNA sequence similarity to corresponding type strains. From the m-cresol enrichment community, two strains
identified and named as Pseudomonas monteilii GCS-AE-]J-1 and Pseudomonas plecoglossicida GCS-AN-J-3 were obtained as the
efficient degraders; The former can remove 94. 6% m-cresol (791 mg/L) in just 48 h; while the latter metabolized 92.2% m-cresol
(763 mg/L). Furthermore, the phenol hydroxylase gene was surveyed by PCR from the phenol-degrading strains,and 4 were positively
detected. Summarily, quite diverse bacteria were proved of high capability to degrade phenol and phenolic compounds in this report,
which play important role in biotreatment of phenol compounds.
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78 P I WA R AR AR T HE R R K B 2R )
&Rk LT H Z LT mg/LY L BT LA, iR 75 5 4
R K v RN T TR S 2 RE VRIS e AR
HIF 5T A A A2 7K A BT 355 35 U0 e 1 1 25 I e o
1 701 M.
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FEALIR K TG PE TS YR B A A 2 Rl R K b 3T
AE SRR SL SR RS, AN SRR S SR RS RE
T 4C FEWRAE BT - 80°C HIH A KIRAE.

1.2 Rt

LB B3R 5 2% S0k [ 2] 5216 L 85 3R 0k . SR HH
1 g/L iHfRE 0.2 ¢/L #rEEME =48 0.5 ¢/L, EFH R
%0.5 g/L, B 10 g/L, B REF 2 o/L, NaCl 10
g/ L TCHL R K5 3% 56 CUS I AS [R] Bie A4 oy i 328 3% 3%
By HLARREC 7 WL SCHk[29].

1.3 MW aE

FEAT R E R, RGP 75 R KR & [ B A7 S A
SrE AR RS E.

ST A B K TS AR R AR R A 107, L
107 107 A 10 M B E 4 0.1 mL, 43 %1% LB,
216L AT, [F] 5 45 16 BE CR G i ¥s5 Je ke &, 4
A4S 150 B K A BR ) L PR 28 °C 1 i A 5] B R
Fr—Ja . P HBOE S A [ 3 Ak, %R 7E LB 216L ~F- it
gk Ak,

BT S LR T i B v ) PP R R 0 9 Ak
Tk KGR 1% A REM T &F 10
mg/L [B] B [y (%) JC ML 5 1% 3% 3 (30 mL) ', $2 IR
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W Ak S g 3R DL Tk SRR IR, 43 ) LA )
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By i JC AL £ 5% % 2k (30 mL) 43 8% 9% OF A8 VE il
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1.6 BOX-PCR

PRV T 25 A1 0L B9 T8 /R BOX-PCR J7 2k 47 4
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AT-3" B R AR R N . T K 35 Lk, 10 x PCR
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M1 pL. PCR Y ¥ :95C ,2 min;95C ,45 s;
58%C ,40 s;72°C ,45 s, 3 30 NE ¥ ;72C, 10
min. W J7 & 5 % 43 B 6] E D5 51908 PCR 5149
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2.1 Wk L

M
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WUIIA kg B AT AT IOE BT A A ) — TRk a2 T AR B v
— N EARIEATHE— L OESE 0 5 F 6 HLATAH T, T
M 16S rDNA J7 51 L7 IX 455

T 2o 2 T B v A O P TR B RO I R R
ik #] 800 mg/L, B w AR WA B IR A (8] B (600
mg/ L) ToHLER AR , P57 R A 7 Al b Rl £ 2l Ak, 75 2]
5 BRIE AR .
2.1.2 16S tDNA %

28 16S rDNA J¥ 5l 5E , N 2 AN b 345 )
28 KR 7 AR R B AR, 48 T 20 A8 28 A Fh (3R
1) o A5 4 Bk AT BB A BT AP (DL 3R 1 iR
53) &t T 2 W G R UE F A B s A AR EE
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Fig.1 BOX-PCR gel profile of some phenol-degrading isolates
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3.6%.B WHERL & 7 MR, P B ZREE T FEH sy
WHEALE T 5 AN E. Hob ARSI & (Acinetobacter )
VBB B ( Pseudomonas ) . B FE 7E B O
(Alcaligenes ) HB I H VL 1 153 e i 741 ) .

F1 FMEMRER 16S rDNA ¥7E
Table 1 Identification of phenol-degrading bacteria by 16S rDNA
BBRAS GenBank oA BUSEILAG 0 %57 I
GCS-AE-12  Acinetobacter beijerinckii 58a" 97. 888
GCS-AN-25  Agromyces ulmi XILO1" 98.023
GCS-AN-16  Alcaligenes aquatilis LMG 22996" 99. 815
Ges-AE-36 (colienes faccalis . 99. 181
subsp. faecalis TAM12369

GCS-AE-20  Alicycliphilus denitrificans K601" 99. 125
GCS-AN-40  Alishewanella aestuarii B11" 99. 189
GCS-AN-4  Aquimonas voraii GPTSA 20" 94. 208
GCS-AN-35  Bacillus megaterium 1AM 13418" 99. 664
GCS-AE-7  Brevibacterium epidermidis NCDO 2286" 99. 862
GCS-AN-38  Castellaniella defragrans 54Pin" 100

GCS-AN-37  Castellaniella denitrificans NKNTAU" 99.932
GCS-AN-18 Comamonas composti CC-YY287" 96. 319
GCS-AN-8  Comamonas denitrificans 123" 99. 723
GCS-AN-3  Diaphorobacter oryzae RF3" 95. 565
GCS-AE-19  Microbacterium natoriense TNJL143-2" 98.597
GCS-AN-21  Paracoccus solventivorans DSM 6637 " 99. 573
GCS-AE-39  Pawulibacter minatonensis KV-614" 98. 591
GCS-AE-31 Pedobacter saltansDSM 12145" 96. 06
GCS-AE-14  Pseudomonas alcaliphila AL15-21" 99. 392
GCS-AE-28  Pseudomonas mendocina LMG 1223" 99. 241
GCS-AE-J-1  Pseudomonas monteilii CIP 104883 " 99. 665
GCS-AN-J-3  Pseudomonas plecoglossicida FPC951" 99. 666
GCS-AE-23  Pseudomonas pseudoalcaligenes DSM 50188" 98.914
GCS-AN-6  Pseudomonas stutzeri CCUG 11256 99.313
GCS-AN-5  Pusillimonas noertemannii BN9" 97.321
GCS-AE-27  Serratia marcescens subsp. sakuensis KRED" 99. 867
GCS-AE-3  Sphingobium cloacae S-3" 98. 023
GCS-AN-39  Thauera mechernichensis TL1" 99. 254

2.2 TR fE

o Hr

X)L O 3 0 8 MR TR HEAT TR I | ] 1
il 0 PR B I (3 2) . WA A SR A DL 2 )
Ry PR — B R 4 B IR B P TR PR GCS-AE- 14 Fil GCS-
AN-8 ) [ fie J1 Fc IF, 48 h XF % 18 (200 mg/L) Y
R A 2R 3 3] 15 21 80. 5% Al 83. 5% ; i #k GCS-AE-31
F£59 h PIXF 100 mg/L [8] FF 3 9 F5 i %K 86. 0% 5
Ak GCS-AN-8 7£ 48 h I X} 100 mg/L [a] B i} () f#
fift R M 86.3% ; i Bk GCS-AN-38 7£ 72 h N XF 100
mg/ L 1] F [y () o At 2R 3k E1) 90. 5% .

F2 8 RSB HRXT B F B B D PR AR R MR A0 I RE

Table 2 Tests on the degradation activity of 9 isolates

Wk G = KB/ % [i] 753/ %
GCS-AE-14 80. 5 —
GCS-AE-19 — 28.5
GCS-AE-27 8.0 3.0
GCS-AE-31 — 86.0(59h) "
GCS-AN-6 49.0 —
GCS-AN-8 83.5 86. 3
GCS-AN-35 2.4 4.1
GCS-AN-38 — 90.5(72h)?

1) G TR 59 h MR, 2) BRI SR 72 h AR 3¢

E— 4 Hr W FE GCS-AE-J-1 fil GCS-AN-
J-3 % [] FH 73 1) 8 % 20O B . TR AR GCS-AE-J-1 7E
48 h PR 791 me/L [A] H 5 3k 51 94. 6% , 1fii 1A K
GCS-AN-J-3 Xt 763 mg/L [0] HI i () % fif th ik 31 T
92. 2% . "E AT R g 1) B %) 400 U R v T H R SOk
HRIB L1 600 mg/122 | [ I, B AT R 2 Wt A
U 1) W SR B PR GCS-AE-J-1 7E 24 h ¥ 1 098
mg/ L K A 72. 8% 48 h MR k] 93.2%
BFi Bk GCS-AN-J-3 7£ 48 h PIXF 1090 mg/L 4 i (1) F&
i RFNKT 94.2% (£ 3).

£3 6 HRMERETED ,E PR RN

Table 3 Measurement of phenol and m-cresol

degradation rate by 6 degrading bacteria

e ” IR GR 3 24 h 48 h
Tk i 5 e e ) A
/mg- L FEfFR/ % FEIRF/ %

ENL 1097. 82 72.8 93.2
GCS-AE-J-1 '

[ 790.77 2.2 94. 6

¥~ 1090. 05 87.4 94.2
GCS-AN-J-3 ‘

W 762.75 1.7 92.2

Hiy 203. 51 89. 4 —
GCS-AE-31 ' ]

[] FH 1y 106. 96 91.2 —

N 257. 14 85.2 —
GCS-AN-8 ‘

[a] FH 1 126.28 89.6 —

R 244. 61 87.7 —
GCS-AE-14 ' ]

] FF 1y 115.06 87. 1 —

N 239. 35 85.3 —
GCS-AN-38 ‘

] FH 127. 42 89. 4 —

A 1055. 48 4.9 5.8
TG X A ]

[ 852.31 9.0 12.8

K2 YLK H #k GCS-AE-14 .GCS-AE-31 ,GCS-
AN-8  GCS-AN-38 X A3 | 8] H 1y o A7 — 2 1Y) o fi
B W2 AT R B, 31X 4 AR AR X 200 me/L ARy |
100 mg/L [H] H My 9 % % 5 4E 24 h AT 3k 3] 90%
A
2.3 R Rk Rl 3 PR A )
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Fig.2 Phylogenetic tree of culturable strains isolated from coking wastewater
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Fig.3  Analysis of phenol hydroxylase gene of the four strains
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