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Abstract: A polychlorinated biphenyls-degrading bacterium DN2, using biphenyl as sole carbon source and energy source, was isolated from
long-term PCBs-contaminated soil. Through morphological observation and sequence analysis of 16S rDNA, the strain was identified as
Pseudomonas sp.. By identification of bphAIl core segment of biphenyl dioxygenase ( BPDO) and enzyme activity assay of 2, 3-
dihydroxybiphenyl-1, 2-dioxygenases the PCBs/biphenyl degradation-related genes in the bacterium was confirmed. Using GC-MS and resting
cells PCBs degradation capacity test> the strain could remove 67% of the Aroclor 1242 in 3 days with 30%-90% of degradation rate of Aroclor
1242 congeners; which can contribute to the in situ bioremediation for the PCBs contaminated field.
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BphA1 € m R AL M 1) HE AL 3 At 5 PR B8 s, O 4
PCBs V5 A =) AR PRI B E T HLfif .

1 #MR57%E

1.1 g5

2,3- R 3L 2R (2, 3-DHBP) W 1 i 1 Flukas
Aroclor 1242 W I B X bR 5t .0, BSTFA A1 TMS
J&) H Promega, T4 15 41 1F CLE AN AT Il D) T~ 6] 28R o 2
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TR g, AR R IR B
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MgS0, 0.3, FeSO, 0.01, (NH, ),S0, 1.0, NaCl 0.1. 7%
2h % W Cmg/L): MoO, 4.0, ZnSO, * SH,0 28.0,
MnS0, *5H,0 4.0, CuSO, *5H,0 2.0, H,BO, 4.0, CoCl,
*6H,0 4.0.%F 100 mL FEAlEREFFRIEE M 1.5 mL T
SRRV AR TR AR 2 o BRIR
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TACCTTGTTACGACTT. 4~ ¥4 44 % 24 10 x buffer 2.5
pLs ANTP 2.0pL> Tag B 0.5 pLor, 1 plor, 1 pls £EAR
1 L, H,0 17 pl, AL 25 (L. 9788 441 0 95°C, 5
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1.0 01 mL FIRE Y 000 r/min Ly, 5 FiE,
BWRAAT 2 mL % 0.1% 2,3- —FEEBIE10% N HD
IV L 25 °C B 45 AF R, LAAS[R] I ) ] B, 5%
AAT WL 66 P VI 5 SN AR RAE 434 nm WOGAH.
WIS B LARE min TE R P B R 7R, e = 13 200
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Fig.1  Degradation of 2,3-DHBP and formation of HOPDA

2.3 bphAl FERZ X RAE

W 2 XU 46U C BphAD 78 17 4806 2K/ PCBs 6 fifk i
b & — AN EBUR IR . A5 Rhodococcus sp.
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LEXT 2, DN2 1) bphAl #0017 51 5 FE A o B o
AHEE, [V PE A AE 809% LA b Horht 5 Pseudomonas sp.
KKS102( GenBank ¥ T 5 : D17319) B& #£ 17 [ 5 1 5
I 92% , AF 2 55 AR AR BR B ke 5 114 BR TR 4
Rhodococcus opacus ) bphA1 1% 0 J7 51 ( GenBank ¥ M}
5 AJS4452O M LG RIS PE AT 72% ¥ bphAl 1% T

PR IP 51 45 i 28 HE TR )7 91 IS 5 48 ClauxW2 20 L LG X)
IFE LW = 4 AR S5 I 21, 2- X0 A g S
LY, R B 16 A T fE B TR R W 4 A A8
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APDLETYLSDAMPYMDVMLDRTEAGTT IVGCMQEWY IPCNWKF AAEQFCSDMYHAGTMSH
APDLETYLSDAMPYMDVMLDRTEAGTTIVGGMOEWVIPCNWEL ISEQFCSDMYHACTMSH

MQKWY L PCNWELAABQI'CSDMY AGTMSI]
APDLKTYLSDAMPYMDVMLORTLEAGTEA LGG LQKWY L PCNWEIAALQEICSDMY HAGTMSII
APDLETYLGDARPYMDVMLDRTPAGTEA GG | QKWY | PONWKFAALQRECSDMYHAGTMSH
APDLETYLSDAVPYMDVMLDRTEAGTT TVGGMQEWY T PCNWKFAARQECSDMYHAGTMSH
APDLKTYT.SDAVPYMDYMLDRTEAGTEATGG TQKWV T PCNWKF AARQFCSDMYHAGTMSH

LSCVLASLIPPEMDLTQVQMSKNCNQFRAAWCGHGTCWF TNDPATLMAVMCPKITQYWTQG
LSGVLASLPPEMDLTQVQMSKNGNQI'RAAWGGHIGTCWI TNDPA TEMAVMGPK ITQYWTQG
LSGYLASLPPEMDLTOQVOMSKNGSQURAAWGGUGTGNL INDAA LEMAVMGPK L TQYWIQG
LSGVLAGLPPEMDLTQ | QLSKNGNQIRSAWGGHGAGH] INDSS | LLSYVGEPKITQYWTQG
LSGTLAGMPPEMDLSNAQVPTKGNQFRANWGGHGTGWEY DEPGMEMAYVMGPEY TQYWTE
LSGVLASLPPEMDLTQVOMSKNGNQFRAAWGGHGTGIWF TNDPS TEMAVMGPKTTQYWTQ
LSGVLAGLPPEMDLTQTQLSKNGNQFRSAWGGHGAGWF INDSSTLLSVVGPKITQYWTQG
e R R e I R Y T TRE e S TS

PAAEKAAKRING MPTQTMYCQIMTVEPTCSFLPCGINTIRSWIPRCPNEVEVWAFVVVDA
PAALKAAKRING MPTQIMYCQUMTYIPTCSULPGINT LRSWIPRGPREY VWALV VYDA
PAAEKAAKRLNQ-MPTQTIMEGQUM TV IPTCSFLPGINT L RTWIPRGPNEVEYWALI'V VYDA
PAALKAARRYPQ-LP ILDMEGQUHMTVFPTCSFLPGINT | RTWHPRGPNEVEVWAFVLYDA
PAADLAEKRLGQTMPVRRMEGQHMN TFPTCSFLPATNT TRSWHPRGPNETEVWAFTL.VIY
PAAERAAKRLNQ-MPTQTMYGRHMTVFPTCSFLPGINT IRSWHPRGPNEVEVWAFVVYDY
PAAEKAAKRLNG-MP TQTMYCQHMTVEPTCSFLPGINTIRSWHPRCPNEIEVWAFTLVDA

FEEE. . Bk E R e SRR B e e e L

[J: Glu-X;4-Asp-X,-His-Xys-His 575 » « (RSP SRR, 52 K00 0 ¥ UR W 45 G 1 48 I S R
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Fig.2  Alignment of core sequences deduced from amplified bphAl gene segment
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34 ATAT 4258 22 UK BB BT Pseudomonas sp. DN2 (173 B %8 i S e AR5 P A 861

PIpeA A T i AR AL O (2, 3- T ER AR
), 2 MUEPIE AR 2 2 AN TR B AR T TR
75 3 RS TARAE 7.274 min ZEAKEE] T ACm/z =
23S MMAEALE, T %8 a8 oh 32K HH I P 1R, DL JC B Ay

0
N 105
OTMS
o)
235
7 LB ) 7.274 min
51f759 “ﬂu 98 | 113133145 181 207
\III I M ' R R 11 |
50 100 150 200
T79
C 1 fRegnt i 9.730 min O OTMS
OTMS
551 1 330
147 ‘
H | | 1 Il 1 Il Il
50 100 150 200 250 200

miz

95% . WA A5 4 LA (1) 2R PRI ik (18] 445 40 i ) e IR AR
AR I FE A — AN I T RE R T B
HOPDA i Ji i I g Wy e 5 e B B A AL B A E T B
Js . DA 25 SRR ] DN2 1T LR IR PR 28 2R R

T
B 11 (0]

&OTMS
105

135 LRI 9.249 min

7
147
117 194, 225248268
89 | [12514%471 (210235 258 281
0

5964\
101 200 300

79 OTMS
° T
R EE ) 9.757 min OTMS

332355

152
571, 95 115 ‘ IT 211227243 332
lll | ‘ 1 ‘ ‘ I 1 H
100 200 300
mlz

3 DN2 FEMREXE o (B (K i =40 Bk o 4
Fig.3 Mass spectrum analysis of intermediates during biphenyl degraded by DN2
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(IR R BE 15 LA Aroclor 1242C 50 T & 84 42%,
29 40 B F RPICIR A W) N BRI R & 5 41
JEIR 7 IEAE 3 d A X & [ 28 0 1D B AR A T
PCBs JUF-ANE T/K HAT 9L IV 1%, 4 7 BR A
A 5 A B AT A 20 73 % PCBs PRI B 32 22 , HERF
PR FCRRAR 2 0, SR 5 DX 2 AR [) 0 g 00 0 4
AHEA MLAE A5 B I BL Teflon %5 355 84 By 1K SUAR

PCBs M5 & 5 . LA Aroclor 1242 1 2,3,3',4'-CB
A1 2,3,4,4'-CB 1F 0 PCBs $&HUN 1) Y b, DA R Ho A
B IS i) WA TR AR 7 2 B 7] 1 9 At 12 5 HG A w4
BeAAe 16 [) 2 0 AH AL, [) BRF L A B JL P AN e A= 4 B
it gl U P 4 R 1 BT, MO IR A5 A 4
i B LL R DN2 4) PCBs A2 T BH I8 (1) B i %)
10 mg/LI1) Aroclor 1242 & 5 Bl vl Ik 67% Hiti . K
o & ARA B2 2, 2'-CB~ 25 6-CB~ 25 4-CB+ 2, 3-
CB B f#ZmT 1A 2] 90% A1 86% » X} 2,3'-CB + 22 il

! i A I

A My J\li\ﬂ/\/\MI\N\J\ ! !
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Fig.4 Showing PCBs degradation by DN2



862 7N 58

B o 30 &

%1 Pseudomonas sp. DN2 {ARa%+ PCBs B [% &
Table 1  Degradation of PCBs by cells of Pseudomonas sp. DN2

U PR B I i) HEY ReefirE =t
/min 1%
1 5.992 2,2'5 2,6 90
2 6.721 2,3’ 100
3 7.041  2,4'5 2,3 86
4 7.224 2,6,2 87
5 7.856 2,5,2' 82
6 8.581 2,4,2'; 4,4’ 74
7 8.648  2,6:3'; 2,3,6 74
8 8.932 2,3,2'5 2,6,4' 75
9 9.209 2,5,3' 64
10 9.829 2,4,3' 63
11 9.919 2,5,4' 64
12 10.114 2,4,4' 43
13 10.157 3,4,2'5 2,3,4; 2,3,3'5 2,5,2',6' 51
14 10.484 2,3,4'; 2,5,2',6' 44
15 10.750 2,3,6,2' 41
16 10.913 2,5,2'55'; 2,6,3",5' 40
17 11.190 2,4,2',4'; 2,4,5,2'5 2,4,6,4' 38
18 11.354 2,3,2',5' 29
19 11.502 2,3,2",4';5 2,3,6,3"; 3,4,4’ 28
20 11.611 2,6,3",4'; 2,3,4,2' 30
21 11.627 2,3,2',3' 24
22 12.068  2,3,5,3'; 2,4,5,3"; 2,4,6,2,6’ 26
23 12.185 2,3,3",5'; 2,3,5,4’ 20
24 12.497 2,4,5,4'
25 12.777  2,5,3',4'5 3,4,5,2'
26 13.331  2,3,6,2',5"; 2,4,5,2",6'
27 13.468 2,3,3",4'; 2,3,4,4'
28 13.592 2,4,5,2',5's 2,3,5,2",4 <
29 14.189 2,4,5,2'4
30 14.427 2,4,5,2',3"; 2,3,4,5,2'
31 14.618 2,3,4,2',5'; 2,3,4,6,4'
32 15.367 2,3,4,2',4' <
33 15.710 2,4,5,3'4

DEUE N 3 IR (P, bt m 257 2 ~ 15 Z )5 < RoRFFRER
<10%, -RRNEH ER

564 N =& A &Y 2,6,2'-CB-2,5,2'-CB2, 6,
3'-CB-~2,3,6-CB 5 [R5 [H 7 64% ~ 87% 18], 1y
XU SEAR R &Y+, 2,3,2",4'-CB- 253,6,3"-CB- 2,
3,5,3'-CB~ 2,4, 5,3'-CB~ 2,4, 6,2'-CB %5 B fift 3 [l
1E 30% ~ 50% Z.[i] . DN2 X % [ 5 490 6 fift e 0 1) 22
s AT 156 2 XU AU i 0T 25 (7] 3R 40 1 JES )
LR e b e TR | &R =
AR R WAE ARSI AL Aroclor 1242 H v 5L [
70% A b 53 Ak, o DY SRR R A Hh T SR B
AERT 388 0 R0 SR BT B AN ), BRAR T /K kS
5 B IO L R B, AR B A AN i, 0 SR 4
K B A 1), AR SRR R AR SRS, Tl g PY 504K
[A] R S R 2 Bt v . B TAE Aroclor 1242 1 1

FACH N FACR R & B ARG, K4 & &
0.1% AEASZEG AR 28 MK T 00 HO R H B, P LTS
PRI SEAR K BA L PCBs IR R BE AR A5 S AT 4
T-H Aroclor 1248 F1 Aroclor1260 55 75 i1 S AR R
(R S AR — 22 o3 B

it

W

(DMKIARZ PCBs v 44 1) L3 b 48 5 e 15 77,
3 23 B9 21 1 A A LU by i — B YR g AR K 1)
WL YA B DN2, & TE S M %2 16S DNA 751
IIMMBAG R E WL HEE N Pseudomonas sp. .

R FLIE U4 1K) bphA T ik R A% 0 [X A
2, 3- IR SEIR IR -1, 2- XU A S ) B R R B At 1 o
AR =P EAT T 20 Al o, 45 S 3 B il A B
PRI 2R/ PCBs AH O B R A7 5 . by o I8 AH G % it ik IR
%, I X BphAl R E 55848 FIAE ) 1F A4 45 4k PR T
FE T B3 1 PCBs BRARTESRAIL T JE R 2295

(3)%F DN2 Ffi# PCBs (175 5410 H il i 2 B, ik
PRAT AR A PE IR DL 4L W) PCBs FHIBC A (1)
fed), JLRI DLAE 3 d 9 S8 350 R0 B A#E Aroclor
1242 BB 10 67 % /A7, HAHE AR PCBs Bl R mf
1k 809% LA I, X PCBs 5 e It () IR A7 AE 1B 52, H
A SEBR Y R X

S X3

[ 1] Weber K, Goerke H. Persistent organic pollutants ( POPs) in
antarctic fish: levels, patterns, changes[ J1. Chemosphere, 2003,
53: 667-678.

[ 2] Hooper SW, Pettigrew C A, Sayler G S. Ecological fate, effects and
prospects for the elimination of environmental polychlorinated
biphenyls (PCBs) [JJ. Environmental and Toxicology Chemistry,
1990,9: 655-667.

[ 3] Hope B, Scatolini S, Titus E. Bioconcentration of chlorinated
biphenyls in biota from the North Pacific Ocean [ J]. Chemosphere,
1998, 36: 1247-1261 .

[ 4] WangX, Yu X, Brartha R. Effect of bioremediation on Polycyclic
aromatic hydrocarbon residues in soill J1. Environmental Science and
Technology» 1990, 24: 1086-1089.

[ 5] Muir D CGs Norstrom R J. Geographical differences and time trends
of persistent organic pollutants in the ArcticL J1. Toxicology Letters,
2000, 112:93-101.

[ 61 BorjaJ Taleon D M, Auresenia J» et al. Polychlorinated biphenyls
and their biodegradation[ J1. Process Biochemistry, 2005, 40(6):
1999-2013.

[7] WuQ, Sowers KR, May H D. Establishment of a polychlorinated
biphenyl-dechlorinating  microbial consortium, specific for doubly
flanked chlorines, in a defined, sediment-free mediuml J1. Applied
and Environmental Microbiology»2000,66(1): 49-53.



3

{EAT %45 Z FIKK AR B Pseudomonas sp. DN2 73 85 %5 58 K HLBRARAS HEAIT 90

863

[8]

[o]

L10]

[11]

[12]

[13]

[14]

[15]

[16]

Sondossi M, Sylvestre M> Ahmad D. Effects of chlorobenzoate

transformation on the  Pseudomonas testosteroni  biphenyl —and
chlorobiphenyl degradation pathway[ 1. Applied and Environmental
Microbiology» 1992,58(2): 485-495.

Yang X> Sun Y, Qian S. Biodegradation of seven polychlorinated
biphenyls by a newly isolated aerobic bacterium ( Rhodococcus sp.
R04) [J]. Joural of Industrial Microbiology and Biotechnology
2004, 31: 415-420.

Hofer B> Backhaus S, Timmis K N. The biphenyl/polychlorinated
biphenyl-degradation locus C bph ) of Pseudomonas sp.LB400 encodes
four additional metabolic enzymes J1. Gene, 1994,144(1): 9-16.

Bedard D L, Haberl M L, May R J; et al. Evidence for novel
mechanisms of polychlorinated biphenyl metabolism in Alcaligenesew
trophus H850 [J]1. Applied and Environmental Microbiology, 1987,
53(5):1103-1112.

Bopp L H. Degradation of highly chlorinated PCBs by Pseudomonas
strain 1B400 [ J ]
Biotechnology, 1986, 1: 23-29.

Sakai M, Masai E,

Journal of Industrial Microbiology —and

Asami H, et al. Diversity of 2, 3-
dihydroxybiphenyl dioxygenase genes in a strong PCB degrader,
Rhodococcus sp. strain RHAL [ J1. Journal of Bioscience and
Bioengineering, 2002,93(4): 421-427.

Taira K, Hirose J, Hayashida S» et al. Analysis of bph operon from
the polychlorinated  biphenyl-degrading strain of  Pseudomonas
pseudoalcaligenes KFT07LJ]. Journal of Biological Chemistry, 1992,
267(7): 4844-4853.

Gibson D T, Cruden D L, Haddock J D> et al. Oxidation of
polychlorinated biphenyls by Pseudomonas sp. strain LB400 and
Pseudomonas pseudoalcaligenes KF707LJ]. Journal of Bacteriology
1993, 175(14):4561-4564.
Fedi S, Fava F,

Carnevali M, et al. Polychlorinated biphenyl

degradation activities and hybridization analyses of fifteen aerobic

[17]

18]

L19]

[20]

[21]

[22]

[23]

[24]

strains isolated from a PCBs-contaminated site[ J]. Research in
Microbiology, 2001,152(6):583-592.

Vaillancourt F Hs Fortin P D, Labbe Gs et al. Molecular basis for
the substrate selectivity of bicyclic and monocyclic  extradiol
L1l
Communications, 2005, 338:215-222.

Bedard D L, Unterman R» Bopp L H, et al. Rapid assay for

dioxygenases Biochemical and Biophysical ~Research

screening and characterizing microorganisms for the ability to degrade
polychlorinated ~ biphenyls [ J 1.

Microbiology, 1986,51(4): 761-768.
Fukuda M Yasukochi Y Kikuchi Y> et al . Identification of the bphA

Applied and  Environmental

and bphB genes of Pseudomonas sp. strains KKI102 involved in
degradation of biphenyl and polychlorinated biphenyls [ J J.
Biochemical and Biophysical Research Communications, 1994, 202:
850-856.

Kahl S; Hofer B. A genetic system for the rapid isolation of aromatic-
ringhydroxylating dioxygenases activities [ J 1. Microbiology, 2003,
149: 1475-1481.

Carredano E; Karlsson A, Kauppi> et al. Substrate binding site of
naphthalene 1, 2-dioxygenase: functional implications of indole
binding [ J]. Journal of Molecular Biology2000,296(2):701-712.
Furukawa K. Molecular genetics and evolutionary relationship of
PCBs-degrading bacterial J1. Biodegradation, 1994,5: 289-300.
Ahmad D> Sylvestre M> Sondossi M. Subcloning of bph genes from
Pseudomonas  testosteroni  B-356 in  Pseudomonsa putida  and
Escherichia coli: Evidence for dehalogenation during initial attack on
chlorobiphenyls [ J1. Applied and Environmental Microbiology
1991, 57(10):2880-2887.

Lajoie C A, Zylstra G J> Deflaun M F> et al. Development of field
application vectors for bioremediation of soils contaminated with
and  Environmental

polychlorinated  biphenyls [ J 1. Applied

Microbiology, 1993,59(6):1735-1741.





