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4-chlorobiphenyl 4CB)2] 23|73 Pseudomonas sp. strain DJ-122] 16S rDNAS] g7 dE EAM 3 A+
Comamonas sp. strain DJ-122. A 27 = ¢1t}. Pseudomonas sp. strain DJ-122%-¢] 4CB2| £ A3 WA FHE=
2,3-dihydroxybiphenyl& #| & Y-8 314 Fe3l:= pebCIDI FAALE o|n] E1E ¥} 3l o]y AT A=
Comamonas sp. strain DJ-122.%-€] 4CB 28| o] o] 3} pcbABC2D2 FAAE F293 o] oI9S £A43¢
Rk PcbAB R pcbCD FAAES] G471 DL 48, 65%, 34 o}v| Al A9 & 33, 2%9] @& FALEE Ao
B A7 A Ao} A pebC2D2 FAAE o v] I8 pebCIDI A AL} 94718 459k M2 fALES A2 o
E-& Bo F91}. Comamonas sp. strain DJ-128] F 7}A] pchCD -3 A&~ Southern hybridization 2 7ol 4 %
A& BolA) gghon, N2 o2 ¢ X o] £ P& B F9 ) 281} 2,3-dihydroxybiphenyl] £-3] 54
2 93 o] o} 2L A= Comamonas sp. strain DJ-12 FF7} 229)] pebCD FAAE 71 I ot AL

SJwlshe Holoh
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Polychlorinated biphenyls (PCBs)& w-$- 9F3 22l BA & A
doakdel FHA ARED Ut 4F AAGel o] fEHe T
2AA F9E PCBse EolA9] &3ll=rt a1 $Ado] v
& B54E 2k Q7] wiEol, Egolu £AEHNA Z Rl
A B3 49T QA LEE PCBse QIS 23R 11
SAES AEE ZEATIL EdH0] BE &S fUd £
ATH2, 9). B2 2]3l pCBsY] B3 == biphenylol X2
=o} = A4 49} Aol we} ks, 53] @4 7t
478 °}de] PCBst A9 RAHA e AR dEHA AT
(12, 13). 221} % benzene 8|0 G47} 3 Eof A
&= PCBsT ring fission®] L aglofjA] 4] Yol ulgEs
o3t Fal/do] Fokal Ft o]H§ o] f wj o)l PCBs?] W&
o 23 B3] ¢ 4-chlorobiphenyl (4CB)°l| uiste] @22 <A
77} ol

4CBe] E30e pchAS} pchBS] 4HE<1 d-chlorobiphenyl dioxygenase
¢} dihydrodiol dehydrogenase®l 2)3l] Fig. 13 72o] 23-
dihydroxy-4-chlorobiphenyl (2,3-DHBP)Z HEH T}

4-chlorobiphenyl dioxygenases= terminal dioxygenase (iron-
sulfur protein), ferredoxin, 28 ferredoxin reductase®] A -
o7 o]FoiHUtH4, 7, 16). 4-chlorobiphenyl dioxygenaseS &
3l8te FAAE pabARA BF 4 2R T4

multicomponent - A}1t}h, Tron-sulfur protein®] large(o) <}
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Fig. 1. Degradative pathway of 4-chlorobiphenyl and the genes
involved in the degradation. ISP, iron sulfur protein; TCA,
tricarboxylic acid cycle.

small(B) subuints& L 3.3}3}= pcbAlF pcbA2, ferredoxin}
ferredoxin reductase® ZYZ} QYE 818l pebA3St pebA4E o) 5
o] Aot

71 % 23-DHBP= U}A| dioxygenase (pchCS] 4HE )] 28]
ofg Ak g EXp7t ArtEwA wiAlele] past oA g@ae
N A meta-cleavage WO Z 7gho] Yot 2-hydroxy-6-oxo-
6-phenylhexa-2,4-dienoic acid (HOPDA:meta-cleavage product)=
HBECHI, 6). ©] #3l AR pebD F7ARS] AHER] hydrolase
o] 9]} 4-chlorobenzoic acid (4CBA)$} 2-hydroxy-penta-2,4-
dienoateZ B E O] TCA cycleZ S0i7} 23] B8t

oo} 2& 4CB ool Belafe fiAe 22 ATE o
u) o} FHEE RIS, E ATUNAE Kim S(100]
23] Pseudomonas sp. strain DI-12ZHE] pchCIDI FAA7}
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2249 HUok B AF\AE Pseudomonas sp. strain DI-12E
16S IDNA #2418 539 Comamonas sp. strain DJ-122 A&
3193, Comamonas sp. strain DI-12Z%-E] pcbABC2D2 F73
AE Z293EY Kim 5 (10)9 &l BEI1" pebCIDI 73
Aok B Aol QoIRl pebC2D2 FAAE X2 BIEASIS
=8

Mz ¥ Yy

HEZF EtAD|E W HHSY

B 290 AMS-E 4CB ESldFEF Kim 5 (1ol &3] o
A F9AD As2HE E28¥ Comamonas sp. strain DI-125
AHgatet. A AgEE A% SF AL E E coli XL1-BlueE
AHgetal, 29 vector2 pGEM-T vector (Promega Co.,
USA)S AHE3LY Y. Comamonas sp. strain DJ-125 ampicillin
(50 pg/mle] 71 LB v elA 30°CE wiFtaTt. <51] E.
coli XL1-Blue= LB ¥ X|ollA 37°C = wjeksisint. Alz% 2=}
20EE 43 E coli XL1-Bluex IPTG (400 mM)$} X-gal
(20 mg/miyS £33 LB 3L 2| A 37°C 2 st

16S rDNA2| ¥7| M ZAE 2|8t PCR

Small subunit rbosomal DNA (16S rDNA) 372} PCR 5
Z.5 XITag polymerase (GenenMed)E A58t AZ3|Ake] A
ol w2t PCRE ATt A F-Zo)) o8- eubacterial
primers 27F (E. coli numbering 8-27; 5-AGAGTTTGATCCT
GGCTCAG-3) 9} 1492R (E. coli numbering 1492-1510; 5-GG
CTACCTTGTTACGACTT-3)& AM-3F3T) PCR ¥h8E9] 24
2 XILTaq polymerase 0.5ul, primer mixture (50 pmol/ul) 1.0
pl, 10x ExTag buffer 5pul, 10x dNTPs 4ul, 2831 DW 39.5
ul 2 o] Total S0l 7} FHA g} PCR ¥R 95°C o
A1 8 87} incubation 3+ F 30 cycle® 3%} 2} cycle 95
°C oA 30%, 54°C AlA 30%, 72°C oM 1 Eog FAHH,
mER)E} cycle©] B & 72°C oA 1087 AT

PCR 2HE-2 0.8% agarose gelS ©] 838t A7|9%5LS ¢ &
165 DNAEZ F3
Squeeze DNA Gel extraction spin column (Bio-Rad, USA)S A}
23] Az3jAke} AHe M} DNAE 3|58ttt 35
DNAX pGEM-T vector (Promega Co., USA)| Ligation A171 &
=M EQ E coli XL1-Bluee Sambrook % (14)2] el wh
2 g2 g

Comamonas sp. DI-122] 16S 'DNA 9@7)4 €2l GeneBank
accession numbers= AY600616°]t}.

= bandS Quantum Prep™ Freeze 'N

PCRO 2|3} pcbABC2D2 XAt S=

pcbABC2D2 {3 29S8t pebABC2D2 RAAE
ZZg ¢ = PCR primerS AABFGT}. Primer A9 #a1
A7INBE Comamonas sp. strain DI-129} 165 rDNA G711 <
FFNA 72 752 Comamonas testosteroni TK102, 12|31
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Pseudomonas sp. KKS1025 A5t

PCR ¥H&-& 1x WH&-89 (100mM Tris-HCL, 400mM KCl,
1.5mM MgCl,, 500 g - mI' BSA, pH 83), 200mM dNTP, 2.5
ug] XLTaq polymerae (GenenMed), ZL2]3 10ng®] Comamonas
sp. strain DJ-12 genomic DNAE 718l F 46 we] EES
wHe 57, Bhe-allof] 2}2te] primers 5 pMY H7ESke A HTh
PCR BHg-273-& 95°C oA 283 7] EA S F, 95°C A
30%, 52°C oA 30%, 72°C oA 124 303 ¥HEal, vz}
ol 72°C oA 103 A g F Whe-& FHAIAT

A7IML FH K EY

AN E-g 2A317] |51A PCR productsE pGEM-T vector
of Aste A=3 Fekv|=g vFEITh AxstE Eean|
= DNAZ sequencing®] template® AFE-3IHTE A23 Z2f
n]=o] E#= Wizard® Plus Minipreps (Promega Co., USA)&
ol-g-&ted eIl primers pGEM-T vectorol] EXIS= T7,
SP6 primerS ©|-&3to] #lEof] AQlE x| FYFo 2 HE
MES Hyon, ezl AViMEe EAAXEH MEE
sequencing primerS /38t AlgiM FAriMES AA L
& primer walking WHE AFS-SIH T Primer?] A7l primer3
Z20Y9g o83l Hol= 20-mer, Tme 52~54°C 9] E¥|F
ol AL who] AAIEY T 2AE primers FBionexoll A &
438} sequencing primerZ ARS-SIGTE GVIMES] B2H2 &
Bionex°ll ¢]=j3te] A48t

AR 2] A71ME W] ATrEA Y19} open reading frameS 2
Z3}7) 18} DNASIS software (Hitachi Ver. 7.06)2 -85},
GenBank databasecl|A12] A7|AE A& NCBI (hip//www.
nebinim nih.gov) A E T8 BLAST 21380 2 S35}t

A7) AE 9 tFXME HEL CLUSTAL W package
(17)%} CLUSTAL X Z 2234 (18)& o|8332n], ol & nige
2 N-J method® treeS 15 2™ TreeView®Z dendrograms 1
ER =

Sounthern hybridization

Comamonas sp. strain DJ-122] pehCD F7AE £ @140
A olm] peureldke A dFE F23E vt A (10).
e ol AZIA pCULS pebCIDI KA (10)9hs M=
GUE pcbC2D2 FAAE AU} Comamonas sp. strain DI-12
57 AR 02 5 79 pcbCD F3AE AU 52 &
A&) YA T AZY 75 pebC FAAE probeR Aot
Southern hybridizations A8}

Comamonas sp. strain DJ-129] genomic DNAS Agt&ai=2
A, A7195S AAEATY A719F F gels 025M
HCIoMA 15208 X818}83, S-7r2 gelS AA3E & denatur-
ing solution®] A} 10% &<t denatrationdt . THAl SHF2
gelS- AZS & peatralizing solutions ©}-8&5te] 55 Fot 53}

19t} Hybond N* membrane (Amersham Bioscience, UK)S. 2
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DNA2] o= Southern (15)9] #HS 2188t 243t T2t 4
A&t 0m, Aol buffer2E IN NaOHZ o]&3t4ch. Hol7t &
Y membraneS neutralizing solution®] 183k TFA] 20x SSCE
2 gt Fof) 80°C & BZEAIZ L} Prehybridization 0.1 mim>2)
Y-8 E ECL hybridization buffer® %73} ¥ hybridization bag
o= &7 42°C A 1AIZE 30% B AASIALE o47)e] Az
¥ DNA probe 60 IS 3718F & 16417+ <} hybridizations
A A5G TE Hybridization®] €% & primary washing buffer=
42°C oA 2087F 23] MAsEa, Aeo] WS secondary
washing buffer2 4204 5837 23] A& 3}H T} Detection
reagent 1 mtS 17 228 5 Alz3jAte] Ao mat 4%
DNA & glsisirt.

2,3-dioxygenase2| EA X

23-DHBP dioxygenase®] /82 pCUl == pCT4 S8 &
#3 E. coli DHIOBE LB-Cm BiA|9)A] log phase7tA] vl gt
NEZS Y422 (Hanil, SUPRA22K, Korea)dtd 73+ Tt
50mM potassium phosphate buffer (pH 7.5)& 3% washing3l
sonicator (Fisher sonic dismembrator, Fisher Scientific Co., USA)
23k (20 s pulse on and 40 s pulse off) A|XE T+ &
14,000 x goll A 15%2F AR FFqelA S8 +=
A AEFZE 23-DHBPS 712Z 718 F 235 amoll A
2,3-DHBPY] Z4E SASEZA pphC F2AY AHEA 23-
DHBP dioxygenase®] &A1& S35t

m

o 3 F

Comamonas sp. DJ-122| SH

Comamonas sp. strain DJ-122] 16S 1DNA £24-& PCRE O]
83l 16S DNA ¥-2& 243y, 2 A7} 1496712 &
718& B Comamonas sp. strain DJ-122] 16S rDNA &
714184 GenBank databasedl| X FFAIEE ZAFSH AF}(Fig. 2)
Comamonas testosteroni 3} 99%2] FAIES BT a2lu
oju] BarH ThE 4CB E3ldFE9] 16S 1DNA €7 E7 H]
w3 B A Comamonas testosteronis A I Pseudomonas
sp. KKS102 (6, 8)7} 96%% 7F¥ =& FAIEE By

Comamonas sp. strain DJ-122 Kim % (11°] 93}
Pseudomonas strain DI-122 2539t Bergey's Manual of
Determinative Bacteriology, 9th edition®ll WEWH Comamonas &
e] 1985:d0f] WHEolR|aL, 1987\ Pseudomonas acidovoransSt
Pseudomonas  testosteroni’} ComamonasZ. AEFE QT 3FY
t}. Comamonas sp. strain DJ-129] 16S rDNA 97|4 &S Lol
B A3} Comamonas testosteroni F3 99%2] FAIEES LJeER)
A}, o|F ulg o2 DI-12 ¥58 Comamonas £2.2 43
2, el Comamonas sp. strain DI-12% 3T

pchABC2D2°] 7=
Comamonas sp. strain DJ-122] genomic DNAS F8o & 3}

Comamonas sp. DI-129] 573 2 pebABC2D2 9] ¥4 123

Pseudornonas sp. 1.B400

Burkholderia sp. JB1

Ralstonia eutropha JS705
Pseudormonas sp. KKS102
StrainDJ-12 4=
Comarmonas testosterord TK102

_ E Pseudomonas pseudoalcaligenes KE707
‘ Pseudomonas putida TolS

Rhodococcus sp. DN-22
—L——' Agrobacterium sangidneum MC-7

—_ 01

Fig. 2. Rooted neighbor-joining tree of several bacterial strains
based on 16S rDNA sequences. Genbank number of the strains:
UB6373, Pseudomonas sp. LB400; X92188, Burkholderia sp. IB1;
AF027407, Ralstonia eutropha 1S705; D87103, Pseudomonas sp.
KKS102; M11224, Comamonas testosteroni TK102; D87104,
Pseudomonas pseudoalkaligenes KF707, AB008001, Pseudomonas
putida TolS; X89240, Rhodococcus sp. DN-22; AF186704,
Agrobacterium sanguineum MC-7.

o] g ztz}e] pCR AHE-& pGEM-T vectordl] A Uske] A2
Zg~n|= pCT1, pCT2, pCT3, pCT4, pCT5, T I pCT6S
THET AR PCR AHE9] 71 EE ARSI A= E2
20]= pCTI, pCT2, pCT3, pCT4, pCT5, LE|T pCT62] ZE
AUE PCR AHEES 7144 YiolgE A - 43k 9 kb
Axe] 7G-S & 5 ASlTh TR ARG FgareEs
S B3} peb FRAATY pebE Orfl, pcbAl, pcbA2, pcbA3,
pcbB, pcbC, pcbD, Orf2, pebAd 2] M2 EHol &S & 4
SIATHFig. 3). (Table 1).

Comamonas sp. strain DI-122] pchABC2D2 F+3 A 4714 €
A, olw] AR T Pseudomonas sp. KKS102 (6, 8)9+
99%9] FAIEE BT (Table 2). F3ALe] BlE <A w3l
pchA1-A2-A3-B-C2-D2-Orf-A42] A2 KKS102 (5, 8)2F TU3H
e ool ZF R4 ribosome ARHF-HE 7 1A
& A23] A8 Xl SRS

pobAl NAZ\a3Y B Y o2 | D2 )y orf A4

pCT1

pCT2

pCT3

pCT4

pCTS
oCT6 Lk

L —

Fig. 3. Genetic structure of pchABCD genes identified and cloned
from the genomic DNA of Comamonas sp. strain DJ-12.
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Table 1. Sequence structure of pcbABCD genes from Comamonas sp. strain DJ-12.

Gene No. of nucleotide No. of Amino acid Terminal codon G+C % Putative ribosome binding site
pcbAl 1377 459 TGA 61 AGGA

pcbA2 582 194 TAA 59 AAGGAG

pcbA3 330 110 TGA 58 GAGGAA

pchA4 1227 409 TGA 67 GAGTAA

pcbB 831 277 TAA 65 AGCGAG

pebC 888 296 TGA 65 AAGGAG

pcbD 834 278 TGA 62 CAGGACA

Table 2. Amino acid sequence similarity of PchABCD from Comamonas sp. strain DJ-12 compared with those of corresponding proteins from

other strains
Similarity(%) of the genes
Strains -
pcbAl PcbA2 PcbA3 PcbA4 PcbB PcbC2 PcbD2

Pseudomonas sp. DJ-12 - - - - - 33 (PcbCl) 42 (PcbD1)
Pseudomonas sp. KKS102 91 (BphAl) 87 (BphA2) 99 (BphA3) 83 (BphA4) 97(BphB) 90 (BphC) 87 (BphD)
Pseudomonas pseudoalkakigenes KF707 72 (BphAl) 54 (BphA2) 72 (BphA3) 28 (BphA4) 72(BphB) 58 (BphC) -
Pseudomonas sp. LB400 72 (BphA) 54 (BphE) 72(BphF) 28(BphG) 72(BphB) 72(BphC) 54 (BphD)
Pseudomonas putida F1 62 (TodC1) 44(TodC2) 55(TodB) 29 (TodA) 57 (TodD) - -
Pseudomonas sp. Cam-1 45 (BphA) 53 (BphE) 71 (BphF) 26 (BphG) 72(BphB) 58 (BphC) 53 (BphD)
Pseudomonas sp. B4 45 (BphA) 54 (BphE) - - - - -
Comamonas testosteroni B-356 80 (BphA) 61 (BphE) 68 (BphF) - 69 (BphB) 57 (BphC) 61 (BphD)
Ralstonia oxalatica AS 53 (BphAl) 75 (BphA2) 94 (BphA3) 79 (BphA4) 95(BphB) 86 (BphC) 78 (BphD)
Rhodococcus sp. RHAL 48 (BphAl) 75(BphA2) 50(BphA3) 28 (BphA4) 51 (BphB) - -
Rhodococcus sp. MS 47 (BphCl) 45(BphC2) 51 (BphB) 29(BpdA) 62(BphD) - -
Rhodococcus globerulus P6 38 (BphAl) 45(BphA2) 51 (BphA3) 29 (BphA4) - - -
Rhodococcus erythroplis TA421 28 (BphAl) 34 (BphA2) 29 (BphA3) 28(BphA4) 43 (BphB) 28 (BphC) 34 (BphD)

Genbank number of the strains: D44550, Pseudomonas sp. DI-12; D17319, Pseudomonas sp. KKS102; M83673, Pseudomonas pseudoalkaligenes KF707,
M86348, Pseudomonas sp. LB400; J04996, Pseudomonas putida F1; AY027651, Pseudomonas sp. Cam-1; AJ251217, Pseudomonas sp. B4,
U47637, Comamonas testosteroni B-356; D17319, Ralstonia oxalatica AS; AB048706, Rhodococcus sp. RHAL; U27591, Rhodococcus sp. M5;

X80041, Rhodococcus globerulus P6; D88021, Rhodococcus erythropolis TA421.

pcbCIDIZ} pcbC2D22) # 9l

£ A7 oY) pebCD FAA] B JPATE TS
u7l Aok (10). AEY S = pcUle] 64kb A AR
DNA 27 Wl pcbD-pcbC] X2 FAA7F v d= o] S
o] R Hc}.

pCUL 29 pebCIF pebDI FAAF 10y pCT4%} pCT52)
pcbC2D29Ve 719 AFE k2 n §AM% E3 48, 65%F B
2 ZolE Bt & 74 FFHE F pebC A BF =
o] gIAIE-E ASHE meta-cleavaged] BgtHe Aot}
pcbCDE X F3h= pCUL # pCT4e] FA WA tisted 2,3-
dihydroxybiphenyl(2,3-DHBP)] £35& vndds dde
Table 39l 9} 2o] Hl=3}H Tt

F 7HA9) M2 o2 pebC FHAFE probeZ 2o} Southern
hybridizationS- A8+ BI}= Fig. 49} 20 1 23} Comamonas
sp. strain DJ-129) genomic DNAE A|3+E% BamHIOZ AT
3 laned A pebC27t 6.5kboll A, pebCIL 94kb H-Zoi A

Table 3. Degradation activity of 2,3-dihydroxybipheny by pCU1 and
pCT4 clones carrying pcbCIDI and pcbC2D?2 genes, respectively

Degradation of 2,3-DHBP (A236) at time (sec):

Clone

10 30 60 120 180
pCU1 3.02 1.12 048 0.35 0.12 0.10
pCT4 3.06 1.31 0.54 042 0.18 0.14

Southern signal&- 2.9t}

ATEA Clal®Z FHET laneiA pcbC27}F 10kb, pebCIE
6 kb oA Southern signals BT} AFE A EcoRIOZ A
T3 laneo| Al pebC27} 23 kb, pchCI-E 9kb 2o A4 Southern
signal& B},

ol Aol A Comamonas sp. strain DI-127} M2 O & F
7Y pcbCD FAAE AT YLS 971MDY vlaet
Southern hybridization A#E F3i4 Felststh. ojel thated
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Fig. 4. Agarose gel of the genomic DNA fragments of Comamonas sp. strain DJ-12 and their Southern blot using pcbC genes in pCT4 (A) and

pCUI1 (B) as the DNA probe.

Astrurias 5 (3)2 23 U AT Rhodococus globerulus P6
oA Al 7}X19] MZ th2 2,3-DHBP dioxygenase (bphC 2=}
2HEYE E2959aL, ©lE°] Southern hybridization 23} A&
FAMIE Bolx] eiglttn B u e vl It} Rhodococus globerulus
P6= Comamonas sp. strain DI-129} v}7MA 2 meta-cleayageS
B34 4CBE HEINI}. Rhodococus globerulus P6= cosmid
libraryS %% ¥, 23-DHBPE ¥F3& o) =g4e u= &
EUES s A 7VR pphC FRAR (BphCl, bphC2,
bphCHE BEEGT. 2H2] pphC A= M2 THE cosmid
Z2d 23E AYJO™ EF meta-cleavageo] BFe} EQl
At o]} Zo] shfe] FFME M2 tE A7lA|9] 2.3
DHBP dioxygenase”t EA1& 4= 1L 4CBY] &3l o A7t
A & B EEI} 7 B ofE & BelRAAEE A
2 o Az o3t wEEna SHTh o|ME Y3t
71%5% 22 98 isoenzyme®] FEA|= 2,3-DHBPE H|E3}1od

=

catechol¥} protocatechuate & Comamonas sp. strain DJ-127} Y
& 71 Bol g nefFt olf et Yol Bk,

2l 2

2 A= 3= F3de] £471x A7HI(R01-2002-000-
00022-0)°l) 3o} FHHIAE
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ABSTRACT : Reidentification of Comamonas sp. Strain DJ-12 and Analysis of its pchABC2D2 Genes
Responsible for Degradation of 4-Chlorobiphenyl.
Jun-Hun Lee, Dong-Woo Park, Cheol-Hee Kang, Jong-Cha Chae, Dong-Hun Lee, and
Chi-Kyung Kim* (Departement of Microbiology and Biotechnology Research Institute, Chun-
gbuk National University, Cheongju 361-763, Korea)

Comamonas sp. strain DJ-12 is a 4-chlobiphenyl(4CB)-degrading bacterium that was reidentified from
Pseudomonas sp. DJ-12. The genomic DNA was isolated from the strain DJ-12 and amplified by PCR with
primers for cloning pchbABCD genes responsible for degradation of 4CB. The amino acid sequences deduced
from the nucleotide sequences of pcbAl, pchA2, pcbA3, pcbA4, pcbB, pcbC2, and pcbD?2 genes showed 91, 87,
99, 87, 97, 90 and 87% homologies with those of Pseudomonas sp. KKS102, respectively. The pchbCID]I genes
that are involved in the degradation of (4-chloro)1,2-dihydroxybiphenyl produced from 4CB by pchbAB gene
products were previously reported in the recombinant plasmid pCU1 from Pseudomonas sp. DJ-12. However,
the pcbC2D2 genes in the plasmid pCT4 and pCTS5 cloned from Comamonas sp. DJ-12 in this study showed 51
and 62% homologies with those of pchC1D1 in their nucleotide sequences. The pcbCIDI and pchC2D2 genes
were found by Southern hybridization to be located at different loci on the chromosome of DJ-12 strain. These
results indicate that Comamonas sp. strain DJ-12 has two different sets of pchCD genes responsible for deg-

radation of (4-chloro)l,2-dihydroxybiphenyl.



