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Fig. 1. Catabolic pathway for degradation of 4-chloro-
bipheny!.
Compounds: L, 4-chlorobiphenyl: II. 2.3-dihy-
dro-2,3-dihydroxy-4'-chlorobiphenyl; 1II, 23-
dihydroxy-4'-chlorobiphenyl; 1V, 2-hydroxy-
6-0x0-6-(4'-chlorophenyl) hexa-24-dienoic acid
(meta-cleavage compound): V, 2-hydroxy-
penta-2.4-dienoic acid: VI. 4-chlorobenzoate.
Enzymes: A, 4-chlorobiphenyl dioxygenase:
B. dihydrodiol dehydrogenase; C. 23-
dihydroxy-4'-chlorobiphenyl dioxygenase; D.
meta-cleavage compound hydrolase.
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Table 1. Bacterial strains and plasmids used in this study.
Strains and plasmid Relevant Marker(s) Sources

Strains
Isolate No. P08 4CB*. BP*,
P20 4CB*, BP*,
" P27 4CB*, BP*,
g P1242 4CB'. BP".
Pseudomonas sp. DJ-12 4CB*, BP’,
P. pseudoalcaligenes KF707 4CB . BP",
Plasmid
pKTF20

bphABC, Ap', 7.2 kb Xhol fragment

4CBA* This study
4CBA "

4CBA* "

4CBA~ "

4CBA", Ap’ Kim et al (1987)
4CBA~ Dr. Furukawa

Dr. Furukawa

of P. pseudoalcaligenes KF707
cloned in pUCI119

g%k v} gk

o 4Ee) ©% PCBs ¥ahel el W fA%A
A7) A FEV HAR xdaAged Heg
T e Frdt B 7#5E pdeled o, A
A e Fo) ATES AAH AEn ¥
A5sl FAol 27FE 4 AN 7o s
Aol A7l== Aol uwhebd Faf FAAESY o
ok T #4442 DNA probed 01%3}03] eh4y
Bl odreh 1 whE] side] w9 FEar gl
(14, 2 Aol 919 2 249 dgozy
$40 AR e 4CBE Fahelt ATEE 2ol
st o1 pe) ] FAR EE Aol gl W
A2} A P pseudoalcaligenes KF7072) bphABC
F 422 DNA probe® o]-8-3fo 4CB 3 w5
59 chp FAATL] Aol E ARkl

4CB 28 73 U vy

ACB #s) #52 #el+ Kiyohara S(10)9) #
Yol ae} 4CB Xi= biphenylg whel ebihsiow
A7k MM2 A wiR|e) A Bl ©s mera-
cleavage producte) xeh#¥e] HCPDAE ¥ A3l
FFE Al Abrle] ¥ye s Reigl w39}
o], Pseudomonas sp. DIJ-12(9)E A8 H52
Abg-stgdnh Alg el el ) EAele MM2
4 wiFR[(NH:):SO. 18 mM; FeSO, - 7TH-O, 1
uM: CaCls - 2H.O, 100 uM: MgSO, - TH.O. I mM:
NaCl,  85mM/10 mM  KH,PO,Na,HPO, pho-
sphate buffer(pH 7.0)]& AF&3sleioni(10). v+ gh4A:
Heg #H7Hg 4CB= E7 sAd(Tokyo. Japan)o.@
He Fstdh P opseudoalcaligenes KF1073% bphABC

FA2E E3ste pKTF20 plasmide Y& Kyushu
take] Furukawa WHAb2 HE] FoF wglhd 72t #43
2 plasmid®] EA-2 Table 1 o4} 7o}
4CB &3l mtEe| HH

weln 4CB ¥ ARS o B wAsH]
9lsted. MM2 oA wiR]el] stel ®Fhgle R 4CBE

| mMo] S8 H71g ¥, FFE of 10° cells/m/o]
E]Ei A&t 30C°ﬂ*1 7 3 A7 38 ﬁﬂ%}‘%}‘ﬁq
T84 YA} AHE-Ql 4CBA 9} 4OHBA+ Neidle %
(12)9] UV spectrophotometry B ol ule} wlj okl -
pore size7} 0.2 ugm<l cellulose nitrate membrane
filter® ©J1}3}3 10 mM K-Na; phosphate buffer
(pH 70)8 dixz+=2 sl 717 234 nme} 241 nm
ol 4 HAsldch 22 4CBY ae o3}x]e
A2 4CBE 44 volumed] ethanolZ F&3lx
ethanol & tHx+& 3l 247 nmel4 UV
spectrophotometryell &k F3x o] w3te #as}
o} 243t} Merta-cleavage products! HCPDA:
Furukawa®} Matsmura(7)e] Hhe} w2} 2 3
diethyl ether®2 FZ%, F338lo] 433 nmol#] 7 A3}
Ak
DNA probe2| mj=

DNA probes= P. pseudoalcaligenes KF7072]
bphABC $- A%+ E g3 pKTF209] 72kb Xhol
HH-g o] 83lo] AFZ3IATy 72kbe Xhol AR
H7)<dsS A3 F GENECLEAN 11 KitBIO
101 Inc., La Jolla, CA, USA)E A}4-8lo] agarose
gel& FEl el A 3tsick. DNA probed WAhA
FAYAE HAS: [a—FPl-dACTPE o] 8-319aL
DNA polymerase 12} Klenow fragments E3s]=

Multiprime  DNA  labeling  system(Amersham
International plc., Amersham, UK)2] A}8 %] % ||
ulz} DNA probe-d ] 23}dct
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2} transferdlgd 2w, transfer buffer®+ 20X SSC(3
M NaCl; 0.3 M sodium citrate)s *}-&3}ich
Prehybridization-& 0.1 m//cm’9] B]-& = prehybri-



Vol 30 1992

dization solution(6X SSC: 0.1% BSA, fraction V;
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sperm DNA)el| 4] 184]2} 59} hybridization-g 4
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16-24 A|7}o] ZafapH A} 4CBO| a7} F454] >
35|32 4CBAS} HCPDAZF A HES & 4 °l‘iif+
e} P20& 4CBAE U] o4 “sﬂs}xl Fata
v 2] o)) oheF &3l 1w, JOHBAS) A Bay]7|
@okeh DI-129M& 16 A]7ke] Auwid 4CBe 7t
a7d g43 AsEGeH 2 A2 4CBA, 4

ol F5sol A MM2 4 eixlelA 10 3 OHBA. 3 HCPDA7} 349$ o 4 SlitkFig
o7 Al wikswA Fales AMHA ¥ FF 3 EE *a]‘ﬁ w54 4CB ##l= mera-cleavage
T sl en o] #35S 7h7 P08, P20, P27 productd] HCPDAE 713 4CBAE 348l mera-
2 P12422 #=dsleict. 4CB % 2 $7F diAREA cleavage pathway® o|Foiz]& 78 Falslsic)
ol gk AdA Fel #FEY Felsd Yeld el HCPDA. £ mera 1.2-ring fissionol] )3}
Table 2. Growth characteristics of 4-chiorobiphenyl utilizing strains on various hydrocarbons.
Growth on hydrocarbons
Strains
4CB 230HBP 4CBA 4OHBA BP
Isolate No. P08 +~+ +++ +++ ++ 4+ +++
" P20 4+ ++ - - +++
” P27 ++ + 4+ + 4 -+ +
" P1242 ++ ++ 4 - - + -
Pseudomonas sp. DIJ-12 ++ + + 4+ + + 4+ + 4+ + + +
P. pseudoalcaligenes KF707 - + 4+ 4 — + + + +
Symbol: 4CB, 4-chlorobiphenyl: 230HBP. 23-hydroxybiphenyl: 4CBA. 4-chlorobenzoate: 4OHBA. 4-

hydroxybenzoate; BP. biphenyl: + + +. good growth: + +, moderate growth: +. poor grwoth: —. no growth

or very poor growth
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Fig. 2. 4CB degration and metabolites produced
during the incubation with P20 in MM2 fiquid
medium containing 1T mM of 4CB.
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Fig. 3. 4CB degradation and metabolites produced
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Fig. 4. Southern hybridization of KF707 bphABC genes with genomic DNAs of various 4CB-utilizing strains.
Agarose gel electrophoresis of Xho! digestsfl) and its autoradiogramill).
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4 hybridization signal-& 2} 28] Pyl
Hxbaled g wii= eF 10kb2l 1.5kbe] HHo|
BaEllE  Axtsld-& o= 2kbe 43 of] A
hybridizatione’ v}ebydt). BamHI% Salle 2 Ayt
sl e FEHoR 2k 15 kb Hxe] Hulo)A
hybridizatione] v}e}yit}
Zt 4CB #+3] #7oll4] DNA-DNA hybridiza-



Vol 30, 1992 Divergence of of cbp Genes 57

ABCDEFGHI B CDEFGH.I

<11

- 52

(1) (n

Fig. 5. Southern hybridization of KF707 bphABC genes with genomic DNAs of varous 4CB-utilizing strains.
Agarose gel electrophoresis of EcoR/ digestsfl) ana' its autoradiogram(li).
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Fig. 6. Southern hybridication of KF707 bphABC genes with genormic DNAs  of Fseudomonas sp. DJ-12. Agarose
gel electrophoresis of restriction enzyme digests of genomic DNAs(l) and nis autoradiogram (1),
Lane A, A-HindNl: B, EcoRIl. C. Xhol, D, Hindl1l: E. Pul; F, BaEIl: G, BamHI; H. Sall.
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Table 3. Characteristics of two groups of 4CB APFFE 3 FAHL Al Fd 9k
catabolizing bacteria examined in this study.

Group Al A}
Characteristics
1 1 & ATe AT SpAd e AS f—‘hl-

Isolate No. DJ-12, POS, P27 P20, P1242 AT ATALE )9 °3 HA Qr2 5
Plasmids (kb)* 60,25 8.7 20 Ao, = A3t ko] dpw) Aol gHap
Catabolic pathway =zl

4CB—4CBA meta-cleavage  meta-cleavage

4CBA—>40HBA Yes No 7;‘» & &

Fragment hybridizing

with bphABC genes I. Ahmad, D., M. Sylvestre, M. Sondossi and R.

of KF707
. Masse, 1991. Bioconversion of 2-hydroxy-6-0xo-6-
XhOI dlg.csw 22 kb and 18 kb None (4’-chlorophenyl)hexa-24- dienoic acid. the mera-
EcoR1 digests l1kb None cleavage product of 4-chlorobiphenyl. J Gen.
Homology to bphdBC Yes No Microbiol. 137, 1375-1385.
genes 2. Ausubel, F. M., R. Brent, R. E. Kingston, D. D.
*: The 4CB catabolic genes were not located in the Moore, J. G. Seidman, J. A. Smith and K. Struhl,
plasmids. 1987. Current protocols in molecular biology.
& These plasmids were detected only in the isolate John Wiley Sons, Inc., New York.
of DJ-12 3. Barton, M. R. and R. L. Crawford, 1988. Novel
biotransformations of 4-chlorobiphenyl by a
Pseudomonas sp. Appl. Environ. Microbiol 54, 594-
DJ-12. P08, % P27 5 Abele| ¥s faixkrtel A 595.
FAo] wi$ —‘Lakt}— AP o) F ﬁrﬂ d Fd 4. Chaudhry, G. R. and S. Chapalamadugu, 1991,
V5ol 9l EAld AdA HAAdE waslop & Biodegradation of  halogenated organic
7;]_‘_{; &]-E_%E]— P pseud{)al(raligenes KF707:\1‘— P Compounds. Microbiol. Rev. 58, 59'79
paucimobilis Qlo] A= Ao gl 7lehe g9 S. l-uru}mwa, K., N. Haya‘se,' K. T'alvra ‘apd N.‘
Be] g7} Q3] Kyushuet o)52] Ilinois & A2 Tomlzuka, ,]989.} ‘MO{CL?MT reld.llorzshvlpﬂa of
oxel ARt v =) uﬂ—‘?-o]e}j_ Furukawa chrorposor{ldl _genes anodmg“ bxphmyl,«pc]y-
Z_] S A - chlorinated  biphenyl catabolism:  Some  soil
ESE 33 vk Qi) uebd Bod7e) Axel bacteria possess a highly conserved bph operon.
vlsz A s 2 . 4CB 3l *TE- Ape]of A A2 J. Bacteriol. 171, 5467-5472,
2ld® HAzprp 2 A Bal AT Asde 6. Furukawa K. and T. Miyazaki, 1986. Cloning of
gz|ul 7 oA ERabEe] 23] A Ao HelH gene cluster encoding biphenyl and chloro-
Rl F2ol SxEA AL u g Zeoesow B biphenyl A degradation ~in Pseudomonas
0% It} wak o)eldt AL AlAl xbelAlol 4] s pseudoalcaligenes. J. Bacteriol. 166, 392-398.

7. Furukawa, K. and F. Matsumura, 1976. Microbial
metabolism of polychlorinated biphenyls. Studies
on the relative degradability of polychloorinated

& 2o transformation. conjugation 52} MHH
o @ %}51:2-5] z%o] QAR rﬁolg‘# ﬂolr 5}]/\—] tﬂ- _"l*

itk components by Alcaligenes sp. J. Agric. Food Chem.
Jeleg 4CB ¥af A Wl fAdakee] A 42, §43-548.

e zitsle B ooltel ik Egslel B uf, 8. Khan, A. and S. Walia, 1991. Expression. local-

A Aol 4] Eelgh 4CB 58 FFES Table 3o ?zation. .and functional _analyms of polyghlor-

A} o] =A% groupo@ uUro] ¥ 4 olch inated biphenyl degradation genes cbpABCD of

_ Pseudomonas putida. Appl. Environ. Microbiol. 57,
DJ-12. P08, Z1¥]xl P27 5= meta-cleavage b s putida. 2pr oo

1325-1332.

pathwayst 4OHBAE AAeh= Aol 9ste] 4 9. Kim, C. K., J. W. Kim and Y. C. Kim, 1987.
CBE #HF AHE7HA] E&lstgin &3] ol&2] chp Isolation and characterization of bacteria
2= P pseudoalcaligenes KF1079] bphABC degrading chlorinated aromatic hydrocarbons.
Azt of 7] dedol] glola] AbEAlS U 93] Kor. J. Microbiol 25. 122-128.
o} o]9} @e] P03} P1242 @3 4CBe s A 10. Kiyohara, H., K. Nagao and K. Yana, [982. Rapid
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peudoalcaligenes KF1073) 3Rt 2152) chp #4 11. Mondello, F. J. 1989, Cloning and expression in
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ABSTRACT: Divergence of the chp Genes in 4-Chlorobiphenyl Catabolizing Bacteria

Youn, Deok-Joong, Jae-Jin Han, Chi-Kyung Kim and Youngsoo Kim'(Department
of Microbiology, Chungbuk National University and Research Center for
Molecular Microbiology, Seoul National University. and 'Department of
Pharmacy, Chungbuk National University)

Four bacterial strains capable of catabolizing 4-chlorobiphenyl (4CB) were isolated from
the industrial waste waters. The bacterial isolates designated as P08, P20, P27, and P1242.
respectively, were examined for their catabolic activities. And in order to examine molecular
homology of the 4CB catabolizing genes of these bacterial isolates, Southern hybridization
was conducted with bphABC genes of P. pseudoalcaligenes KF707 as a DNA probe. The
metabolites of 2-hydroxy-6-ox0-6-(4-chlorophenylihexa- 2.4-dieroic acid and 4-chloroben-
zoate were detected to be produced by the isolates in the MM2 liquid cultures. But 4-chlo-
robenzoate was further catabolized to produce 4-hydroxybenzoate by DJ-12, P08, and P27,
but not by P20 and P1242. As results of hybridization, homologous regions were commonly
observed in Xhol fragments of 2.2 and 1.8 kb and in EcoRI fragment of 11 kb in the DJ-
12. P08, and P27 isolates. But in any restriction enzyme digests of the P20 and P1242 isolates.
homologous region was not detected. The cbp genes of the bactenia capable of catabolizing
4CB in nature could be divided into two groups by divergences in catabolic pathway and

DNA homology.



