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Polychlorinated biphenyls (PCBs)+=
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4-Chlorobiphenyl (4CB)& ¥#3= Pseudomonas sp. DJ-127} 7}215L %+ pebABCD %85
Escherichia colil €23% A3, A=Y FF E. coli CU1s} CU101S EF Pseudomonas sp.
DJ-12¢14 8} 3] 4CBE E#M 3o 2,3-dihydroxybiphenyl (2,3-DHBP)E AA 3= €928 7)
& RoRgit) B3 pebdBE EFEE AXP FAv|=q pCUINE A2 e E ooli
CU1012 Pseudomonas sp. DJ-120A) ¢} Zko] 4CBZ €| 4-chlorobenzoic acid¥ A 2}=] 931
23-DHBP S A= €423} 715$ RoF9c). 2222 Pseudomonas sp. DI-122] 34
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Ak )Y Hdas) 4o oJ# 4CBAE FaH3t

shi B deile dart o271 e A#s
o e isomerES] EgA ol A#H e o
29 471 weErE, agi e o daele ¢
Zo] WAl meld Bojle At 947t biphen-
y18] ontho 1A B ASolE o ¥ G
4 54L& Jepdddx oedA 9le}(3). webA o
gl 23k PCBse] b F-aof alelMe WAl
ze)o s A JA, dart felEHe gdas)
34 (dechlorination)o} #Al9] dhale] = it

oj2]7}x] PCBs & 4-chlorobiphenyl (4CB)ol]
g i indt G #gr A= pchABCD H 3 Aol
o8 A== fa 242 benzene 132 mera-
cleavageoll 93} 4-chlorobenzoate (4CBA)Z. 235
%, "3l zge]| 98] 4-hydroxybenzoate (4
HBA)E Eslse #Ho] Raso] gdrt4). 2w
4CBACN 4] ring-cleavage’} W3 ey} 4-chloro-
catecholZ ¥ ¥ ©d4 3} 2g-o] dohvie A=
ared A 9le} (14). . Morris = (13)& PCBs #E<)
Aroclor®] A& 4 F=Z biphenyl 1818 mera $
ol Bolole dav) delxozy Fajdciy B
kg oia

4CBAZY-E] 4HBAZ Zdi3tsde AAele 3
W8] open reading frameol] o3 o3 slsle} Qv
84E. & 4CBA:CoA ligase. 4CBA:CoA dehalo-
genase. 4HBA:CoA thioesterase o] Fodhhe=
B 7} giglch(4). ejan @izt sAe] Aoy
sl cofactorZ4 coenzyme A(CoA). ATP,
Mg~ 7} 275t Lofflers} Muller (1) B33}
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£ TFE%X Pseudomonas, Arthrobacter, Acinetobacter,
Alcaligenes, Norcardia, Corynebacterium 5-°] B35
o} gl.ew (6), F2ol Pseudomonas sp. CBS3 (16),
Arthrobacter globiformis KZT1 (18), Arthrobacter sp.
strain SU (17)2%-¢] 4CBAS] %7] 2943} 24
Feizke £427} cloning® ¥l 3t

2 Agde e AdA FeldF Pseudomonas
sp. DI-122%-E WA 3] H3g 3} 4CBE
Baske pcbABCD Aol st AT-sigkon (7),
2 HAA A pchABY AR ©)5te] 4CB9] 24
7 dojus S sl weli B =Fel
A% Pseudomonas sp. DJ-122 %€ 4CB9] &g 43}
zgoll PoJdle pebAB AR FE2H E coli
ol Ao} wrde] #A3 AE Bl vielrh

Az 2y

A 7F Y EekAo|E

£ Aol Mg ¢F B B4 Fepan
ol Tz EAL Table 1o 7|&% wlep 7}
2ol sl ztgol 23Fle] 4CBE Edles TFE
Kim % (9)ol] &js} ¥2% Pseudomonas sp. DJ-12&
AHgslgen, o] #39 Rd EAE AF ¥ 1
Qo] 3 sl R4 E2)§ P08, P09. P19,
P20. P27. P1242 #5E 8z Agsiact 28n
cloning vector24] pBluescript SK(+) phagemid
(Stratagene Co.)& AH3lgien, £FHXE+= E
coli XL1-Blueg ~H&-3}9ich
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Table 1. Bacterial strains and plasmids
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used in this study.

Strains and plasmids Relevant markers Sources
Strains
Pseudomonas sp. DJ-12 4CB™", BP", 4CBA”. Ap' Kim er al.( 9)
Isolate No. P08 4CB*. BP*. 4CBA"*, Ap’ Yun et al. (19)
Isolate No. P09 4CB*, BP*, 4CBA*, Ap" Yun et al. (19)
Isolate No. P19 4CB*, BP*. 4CBA~. Ap' Yun er al. (19)
Isolate No. P20 4CB*, BP', 4CBA". Ap' Yun er al. (19)
Isolate No. P27 4CB*, BP*, 4CBA*, Ap" Yun et al. (19)
Isolate No. P1242 4CB™*, BP*. 4CBA~, Ap’ Yun er al. (19)
E. coli CUI E. coli XL1-Blue containing pCUI, Ap', T¢" This study
E. coli CUI01 E. coli XL1-Blue containing pCU101, Ap', T¢' This study
Plasmids
pCU1 containing pchbABCD. 64 kb EcoRl This study
fragment of Pseudomonas sp. DJ-12
pCU101 containing pcbAB. 2.2 kb EcoRI-Sall This study
fragment of Pseudomonas sp. DJ-12
4CB, 4-chlorobiphenyl; BP, biphenyl: 4CBA, 4-chlorobenzoate; Ap, ampicillin.
uiX] 9 sje=A ml) 447} A7HE LB Ao Ay ¥4

4CB 23|59 wfgells MM2 A= (10)5
Alg-stgdet. 2 242 10 mM KH,PO,-Na;HPO,
(K-Na) phosphate buffer (pH 7.0)e] (NH,),SO, 18
mM, FeSO,7TH,O 1uM, CaCl,-2H,O 100 uM,
MgS0O,-7H;O 1 mM, NaCl 85 mMS E§3l% 9}
oo ot ehalo? 4CBE FE7F ImM HEE
v z]of H7}slodch $HAdu) Rl 2= Luria-Bertani (LB)
w2 & A3tk
Total DNA % ZE2HAD|S DNAS! £2]

7} #Fo] 944 DNA9L Etivl= DNAZ
Z 3= total DNA+S Ausubel 5 (2)9] @l uje}
Felstqct. 2 Faldae] widdg 482 (4000
xgystel ¢AE FHE ¥ TE(10mM Tris-HCL:
1mM EDTA., pHB80) bufferd]l d=3til 10%
SDS¢} proteinase K& 2] 8lod 37°Col| A AdA A7t
Zo) uke- A7t} 282 5 M NaCl3} CTAB/NaCl
solution® *2lgled 65°Cell4] 208 Fat ¥b&A])
% phenol:chloroform:isoamylalcohol (25:24:1) £
Ao 2 DNAE & AHAlsly ¥ F 45
Ael] 0.6 volumn2] isopropanol& *2l3te] DNAE
A4 A7k DNA pellet TE (pH 8.0) bufferel] =
o} Abg-sheict ZelAv)= DNAE Sambrook 5
(15)8) upgle 2 Felstsict.
4CB &3 RTXie 224

Pseudomonas sp. DJ-129] total DNAE EcoRI2
2 Ackste] pBluescript SK(+) vectorgl 3:19]
u]-§-2 4o} T4 DNA ligaseE #H7}sled 16°Cel 4]
16417F ub-g-21Zch whgo] Bk A8+ E coli XL1-
Blueoll Sambrook = (15)8] el uje} A Ast
AZch UM F ampicillin | 100 gg/m/7} tetra-
cycline 15 pg/ml/o] EF=E3 X-gal 20 mg/m/) 40
%} isopropylthio-p-D-galactoside (IPTG: 200 mg/

FUe 13 st 2 9ol 0.1% 2.3-dihydro-
xybiphenyl (23-DHBP) £-& 273l x3t4o)
meta-cleavage product (MCPs)E QA sh= #32H2
23} AhdElgdch
SHA S AES AN

Pseudomonas sp. DJ-12 % ANZ37FF9] resting
cellsE AH4-3te] Khan#t Walia (8)8] HHHS o%
M3 3t gas chromatography (Varian Model 3700)
2 gygaste o3 dAMEES HAsh Preu-
domonas sp. DJ-129} A z=gdF5 LB A4 uiz|
oA 10°/mie] A E£57L 2 o 74x] wjokst og ¥
Alg-2)sle} FA 2 phosphate buffer (pH 7.0)2 Al
3}5}3 MM2u %o 4CBE 0.1 mMo] =4 &7}shed
37°Coll A 60417F et kstdc) AR kel whe}
wjokel 8- A Fste] diethyl etherZ {75 F&%
the AF ARAZ F GFol| He] 2gE AL}
glch o] wl Ap£3FF column® silicon OV1T7elgix
injection €%+= 230°C. column %+ 250°C, 4
27 L&+ 250°CE slgda, ALt AE 45mi/
min®.2 FYsHct 7E7]= frame ionization
detector (FID)E A}8-3}gic}

4CB9) H34s3}t 8422 felsl+ chloride ion
< 4CB7} ¢ MM2elAM Z7t #535 i
Gerritse 5 (5)8] Rleox9} o] Fe(SCN)S A
Aupye g ZAsiqlct wifd | m/o] Hg(SCN),2}
ferric ammonium sulfateg Z+7}+ 400 W4 A 7}3}od
M= Fe(SCNRY F35E 454 nmollA &A3}
%t :

|t % g
4CB 23 25359 %Yy
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Table 2. Degradation and dechlorination of the chlorinated aromatic hydrocarbons by several bacterial strains.

Degradation

Dechlorination

Bacterial strains
4CBA

&
@]
w

Group”

o]
ja~]

4CB 4CBA 24-DCB

Pseudomonas sp. DJ-12
Isolate No. P08
Isolate No. P09
Isolate No. P27

+ 4+ + 4

+ 4+ +
[

Isolate No. P19
Isolate No. P20
Isolate No. P1242

4+ [+

|
!

+

+

+
NT

+++|++++

NT - +/-

2Group of bacterial strains refered by the reference #19
4CB. 4-chlorobiphenyl. BP, biphenyl; 4CBA. 4-chlorobenzoate; 2.4-DCB, 2.4-dichlorobiphenyl; NT, not tested;

+/—. pooly detected.

oA 2 RE F-2l3 4CB ¥ 4758 4CB &
ool 7 27 B 4CBAE EeAlAlE
group 13} 4CBt ¥#33lx|3t 4CBAE F33&
group [1E F2]§ Yun %5 (19)8 Ad3rdd o=}
Pseudomonas sp. DJ-12& P08, P09, P273} &7
Table 20149} Zo] group Iol &%=k o] F
FEo i3t resting cell assay WHo2 Hr}x
JA3} WS w3l e 2948 $A4S Fe
(SCN), A4 wr o2 =AM A3}, Pseudomonas sp.
DJ-129] 732 4CBS} 4CBAS 7|42 3¢ o) 2%
g3t dAe B dukdoz 4CBY 7
HAHEEQ] 4CBACIA =i ast zhg-o] dojdeh=

A B C

-pCU1

Fig. 1. Ge/ electrophoresis of the hybrid plasmia,
pCUI.

Lane A. E. coli V517: B. pBluescript SK(+):

C. pCUL

# (4, 16, 17, 20)ol] H]8}sd, Pseudomonas sp. DI-12+
4CBel} oisl 2iast &4o] vk AL F58
wralcy. 22]32 Ahmad 5 (1)°] Pseudomonas tes-
tosteroni B-356914 4CBE 7142 8l9l& « 4CB
23€] 4CBAZMA 9] Ha|#4 F MCP-derivatives
7} Az ¥ syl welbs 4CBe] &AL
T3l wie} h2X|9k, Pseudomonas sp. DI-12&
4CBEYE ring-cleavageE £3}¢ 4CBA7} A=
I 2hx3}t gHo] Yo dejvks EHHE (NS
37 4CBE 2943 24g F3 2.3-DHBPe| A
A" ¥ benzoateZ ¥-&3h= FrhA ARE BT
FHZ Qe Aol &=k
4ACBS| EHA3 RTXIS 22

Pseudomonas sp. DJ-122} total genomic DNAS}
pBluescript SK(+) DNAZ EcwRISE A7 F
ligationA)# E. coli XL1-Blued] AARAA AL
Az23 FFE5 F 1%9 2.3-dihydroxybiphenyl (2,3-

Total genomic DNA of
Pseudomonas sp. DJ-12

EcoR1 EcoRl

T4 DNA ligase

Ecoms

MindBTU Hinalll g Hendurg

Hindlrt

EcoRl, [ @
Sall

Satt
Mind1

THind11r
"Hinal

N
Hinatis EcoRl

Fig. 2. Cloning scheme of the pcbAB genes coding
for dechlorination of 4-chlorobiphenyl.
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Fig. 3. GC spectra of the metabolites produced from
BP(A) and 4CB(B) by Pseudomonas sp. DJ-12.
The metabolites were extracted from the 60-
hour cultures by diethyl ether extraction
method.

DHBP)E #53te] MCPs& AA sl A=AE
o] E. coli CU1°]"’4'—T’— st o 1“4—'@"&"'1‘7]'
7Rl e Az Eeav|=q] pCULAE €9
23} RHAE ETEshe oF 64kbe] EcoRl AHo|
vectorel] A" °F 93 kb AMz§ Fepxrl= pCU
19°] Fig. 1949} zte] &als]gic). o] pCULS Fig.
202419} o] EcoRIZ Sall2.2 double digestion
3led pBluescript SK(+)dll ligationA1# pCU1012
A zskgch <F 5.1 kb pCUI0I= 2} 2.2kb AHXx 9]
EcoR13} Sall A#o] vectorel]l AMEfon, ol
insert DNAd| 243} {325 L3t Ut
SHA3 REXIS Wl

2tdA BeldF9 Pseudomonas sp. DI-129} E.
coli CUl ¥ CUI018 Az3 FFEZFE 2dn

FHze dE gsty] fa 7 gL vk
doll 4] 4CB7} ©dAastzhgol 23t 23-DHBP7}
AAEe HE GCE o)&43tod zAlslgic). Peu-
domonas sp. DIJ-129] 7% biphenyl (BP)= 4-
chlorobiphenyl (4CB)E 7]|A=2 3}¢ resting cell
assay Wl o 2 &A% FA3= Fig 37 %) 4CBE
7142 &4l e wolx BPE 7]AE & AgAHs
E3ro] 23-DHBP2 peak”} 10.87~10.899 reten-
tion timeolld Ustths AL pebC H-3ztel] 2
meta-cleavage ©]%ol] 4CB24-¥ izt 243o]
dojudrh= AE onlgch o173 pcbdB FHA7E
g a3l Aol Pt Uvke WL 4Ptk 2
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4CB % 4CBAE =5 #3832 4CBAC tiairx
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Fig. 4. GC spectra of the metabolites produced from
4CB by E. coli CUT(A) and CUT01(B).
The metabolites were extracted from the 60-
hour cultures by diethyl ether extraction

method.
ct o ot
3. O \
" e — — \ I conl
ol H - | " coam © Lf'\m
- Qo LU
8 o ¢ o oM E J
= 4 chy

S
A
,,, O com
\ Z
@ oot ™

J

Fig. 5. Proposed two pathways for microbial degra-
dation of 4-chiorobiphenyl.
A. 4-chlorbiphenyl; B. 23-dihydro-2.3-dihy-
droxy-4'-chlorobiphenyl: C. 23-dihydroxy-4'-
chlorobiphenyl: D, 2-hydroxy-6-oxo-6~(4'-
chlorophenyl)hexa-24-dienoic  acid; E. 4-
chlorobenzoate; F, dihydrodiol; G. 23-
dihydroxybiphenyl: H.  2-hydroxy-oxo-6-
phenylhexa-24-dienoic  acid(HOPDA). 1.
benzoate: J. 2-hydroxy-pent-24-dienoic acid.

4CB7} ¥3ig o dA 1o sigrc HA gy
A3} 2}8-0) dojydrl= AL Pseudomonas sp. DJ-
129) pehAB FA77F D328 Aol Belsie Aol
dE¥ AHolrlk

E. coli CU1F} CU1018] 25 sl 4CBE
7142 sle] resting cell assays] <% tjApAHE&
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GCE AN A Fig 49} ek E. coli CULS
CUL01& pcbAB #AA7F $AARE ANzPFFE
4 4CBRHYE wdisl 28 o3t AAE 23-
DHBP>} 10.47~10.659] retention timeoll A Z3A =]
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At o Feshde A0

#AlY =
£ ATE BEYS) BeATEAN (193UE &
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ABSTRACT: Cloning of Dechlorination Genes Specifying Biodegradation of Toxic 4-

Chlorobiphenyl
Kim, Chi-Kyung®*,

Jong-Chan Chae,

and Jae-Jin Han (Department of

Microbiology. College of Natural Sciences. Chungbuk National University.

Cheongju 360-763, Korea)

The pcbABCD genes in Pseudomonas sp. DJ-12 specifying degradation of 4-chlorobiphenyl
(4CB) were cloned in Escherichia coli. The cloned cells of E. coli CU1 and CUI10] showed
to produce 2,3-dihydroxybiphenyl (2,3-DHBP) from 4-chlorobiphenyl by dechlorination, as
Pseudomonas sp. DJ-12 produced 2.3-DHBP from both biphenyl and 4CB. In particular,
E. coli CU101 transformed with the recombinant plasmid of pCU101 revealed dechlorination
activity to produce 2,3-DHBP from 4CB without production of 4-chlorobenzoic acid.
Therefore, the pchbAB genes (2.2 kb in size) cloned from the chromosome of Pseudomonas
sp. DJ-12 were found to have dechlorination activity on 4CB to produce 2.3-DHBP.



