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Abstract — The homology among the genes coding for degradation of biphenyl(BP) and 4-chlorobi-
phenyl(4CB) was comparatively analyzed by Seuthern hybridization in several BP/4CB degrading
bacterial strains. As the hybridization results of their genomic DNAs with pcbABCD as the DNA
probe, the group of Pseudomonas sp. D]J-12, P08 and P27 strain was separated by the group of
P20 and P1242 strains. The P. pseudoaicaligenes KF707 showed the hybridization signal which
was homologous to the group of DJ-12, but they had different restriction endonuclease sites. The
pcbAB genes in pCU1 recombinant plasmid from Pseudomonas sp. DJ-12 appeared to be homologous
to bphAB genes in pKTF20 cloned from P. pseudoaicaligenes KF707, but the C genes in both
strains were not homologous. The bphABC in pKTF20 showed the signals homologous to the
cbpACB in pAW6194 cloned from P. putida OUB3, but homologous signal was not found between

the pchbABCD genes in pCUl and the chpADCB genes in pAW6194 recombinant plasmid.
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o A olu|i ik} Md B BAFAH HEAS A5 w
agk A7 EuE e} dl5 B Popseudoalcalige-
nes KF7073} P. pseudoalcaligenes KF7152 o}lw]- At
Aedel] glofA] 914%4 AFAd-S el ot KF715
= operon T-3°l AAM bphABCS} bphD - H A}
Aleloll X H-#E 7FRf AL Q)R] 9k e.m(8), KF7075%
P pauctmobilis Q1-2- oln|:x 4l M Hefa] A E A
olglgl o} BphCe] A4 E42 Ao FAlghs
veRH ] eH(16).
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Pseudomonas sp. DJ-12(11)2} t]E-o] P08, P20, P
27, P1242 #5F5(19)2 biphenyl(BP) ¥ 4-chlorobi-
phenyldCB)S wd ®ligle = H7gF MM2 3.5
uf A|of| 4 F-8§ &} == meta-cleavage product?l o
gt 2] 2-hydroxy-6-0x0-6-(4'-chlorobiphenylhexa-2,
4-dienoic acid(HOPDA)E A sh= 558 AHE
stodcy. P pseudoalcaligens KF7073 bphABC 83
A5 £38= pKTF20 plasmids 4 Kyushud)
&re] Furukawa ®HA25-E] F-ohubolc). = P putida
OU833t cbpABCD 3 AHE Z 3k pAW6194 pla-
smid-& v]=2] Oakland ™ &F2] Walia s = He| B

FEuk= Zlo)ths, 11). ehiksict. - 5~ ¥ plasmide] 5418 Table 29
2 glgrell A ghefell M W-e]§t Pseudomonas sp. e} 7},

Table 1. Bacterial strains and plasmids used in this study

Strains and plasmids Relevant marker(s) Sources

Strains

Pseudomonas sp. DJ-12 BP~, 4CB*, 4CBA', Ap'
Isolate No. PO8 BP*, 4CB*, 4CBA'
Isolate No. P20 BP~, 4CB*, 4CBA"-

Isolate No. P27 BP", 4CB*, 4CBA’
Isolate No. P1242 BP-, 4CB', 4CBA
P. pseudoalcaligens KF707  BP*, 4CB'
P. putida OU83 BP*, 4CB*

Plasmids
pCU1

6.4 kb EcoRI fragment(pcbABCD) of Pseudomonas sp. D]J-12

Kim ¢t ai.(11)
Yun ef af.(19)
Yun ¢f al.(19)
Yun el al.(19)
Yun ef al.(19)
Furukawa et al.(6)
Walia ef al.(17)

Han e! af/.(7)

cloned in pBluescript SK(+), A

2.2 kb EcoRl Sall fragment(pcbAB) of Pseudomonas sp. DJ-12
3 kb Sall EcoRl fragment{pcbCD) of Pseudomonas sp. D]-12

7.2kb Xhol fragment(bphABC) of P. pseudoalcaligenes KF707

Han et al(7)

Kim et al.(12)

Furukawa ef al.(6)

pCU101
cloned in pBluescript SK(+), Ap'
pCU103
cloned in pBluescript SK(+), Ap'
pKTF20
cloned in pCUL19, Ap
pAW6194 94 kb EcoRI fragment(cbpABCD) of P. putida OUS3

cloned in pCUILS8, Apf

Walia ef al.(17)

Abbreviation: BP, biphenyl; 4CB, 4-chlorobiphenyl; 4CBA, 4-chlorobenzoate; Ap’, ampicillin.
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Pseudomonas sp. D]-12& H]E3 2podA| Felit+
(P08, P20, P27, P1242)= pKTF20 % pAW6194=
2t7y A2 Qe NERSHTEP. pseudoalcaligenes
KF7073} P. putida OU83)E ampicillin(100 pg/m/)e)
F%% Luna-Bertani{LB) #} #](Bacto tryptone, 10 g/
[; Bacto yeast extract, 5 g/l; NaCl, 5 g/l, pH 7.0}l
sheksleie), el pCUL, pCU10L, pCU103S 2tz
7}l 9l E coly CUL, CU101 ze]x CUI03 =
Z 352 ampicillin(100 pg/mH) 3} tetracycline(15
ug/mhe] E&E LB wl Ao} A] wFsleich 2bed A

Table 2. Growth characteristics of BP and 4CB degra-
ding bacterial strains on several aromatic hydroca-
bons

e

Catabolic pathway

BP— BA-» 4CB-> 4CBA>
BA 40HBA 4CBA 40HBA

Bacterial strains

Pseudomonas sp. DJ-12 ++  ++ A+ + +++

Isolate No. P08 ++  +4+ 4+ 4+ A+
Isolate No. P20 +++ - +4++ -
Isolate No. P27 ++ ++ ++ +4++
Isolate No. P1242 + + — + + + e
P. pseudoalcaligenes

KF707 +++ - + -

P putida OUS83 + 4+ —

Abbreviation: BP, biphenyl; BA, benzoate; 40OHBA, 4-
hydroxybenzoate; 4CB, 4-chlorobiphenyl; 4CBA, 4-ch-
lorobenzoate; + + +, good growth; -+ +, moderate
growth; —, no growth or very poor growth.

Probe 1 (6.4 kb)
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T e 30T oA 28] ARIFFEE 37C
of| A4 Z}7} wleksigich Ela aAuix]e] A=
S 1.5%2 FH7lste] Ab8-3hgic)

DNAS| F2| ¥ HI[HE

7+ 52 total genomic DNA+E Ausubel 54(3)2]
gl oigl FE3bedcl AHx2F plasmida) pCU],
pCU101, pCU103, pKTF20, pAW6194 2] Zea]=
Sambrook %(13)¢] alkaline lysis ¥l el] ula} 2] &)
stolxr, F-2l%l chromosomal DNA 2 plasmid
DNAs) thgt Agta 52 el Maniatis 5(13)2]
by & Algsldch AraAsE 22]® total genomic
DNA % =3} plasmidE-2] %7]9d%-2 horizontal
electrophoresis system-2- ©o|8-3}o4 0.7~1.0%2} aga-
rose geloll A4 A A|&ledc). A7|ed% buffer®2= TAE
(40 mM Tris-acetate;: 1 mM EDTA) buffer *=+= TBE
(45 mM Tris-borate; 1 mM EDTA) bufferE A3}
o} 5V/cm |3} & 27]d5steich M7)9% & gele
0.5 ug/mle} ethidium bromide £<MeljA 40%-7F o
Asted  UV-transilluminater(305 nm)Z  #H3Hshe] 3,
AlR1#ed & UV DNA SLII camera system(Seolin,
Seoul, Korea)& ©|8&-3to] AA|3}5ict

DNA probef| H|Z=

DNA probe& A x317] 913 53 DNATE Fig. 1
o 4] e} 7ro] 57}R)E Ag3slsic). Pseudomonas sp.
DJ-12olA) Z23s pCULS] pcbABCDE E sk
64 kb EcwRI A#H(probe 1)3} pCUI01¢] pchbABZE
#3738k 2.2kb EcoRI-Sall A H(probe 2) L]

"Probe 2 (2.2 kb)
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Fig. 1. Organization of three BP and 4CB degrading genes and DNA fragments used for the probes.

E, EcoRI;, S, Sall, X, Xhol; P, Pstl; H, Hindlll; B, BamHI;, C, Clal.
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pCU1039] pcbCDE X33+ 3.0kb EcoRI-Sall 2 #
(probe 3)2- v|E3}ed P pseudoalcaligenes KF707 1 4]
S22 X pKTF202] bphABCE E33 7.2 kb Xhol
A H(probe 4)3 P. putida OUB3 A ZF 2% pAW
61942 chpABCDE F.3sh= 8.0kb EcoRI-HindlIl
AW (probe 5)-& *H8-3}3ith

kgt A gaag Aokgh A= plasmid-5-2 1%
agarose gelol| #H7|°dF3F v}-& 3 DNA<2] bandE
GENECLEAN II Kit(BIO 101 Inc, La Jolla, CA,
USA)E agarose gel= 3B $Helsledrl, DNA
probe?] labeling-2
14-dATP(BRL, Gaithersburg, MD., USA)-&
A58 AR H e el B Ao

nick translation system} biotin-
o] -8-8}o]

Southern Hybridization

719 5ol wp2} BP 2 4CB #si+55-9] total
genomic DNA T+ F3f-HAE £33 recombi-
nant plasmid&2 %7]% 538 gel2 Sambrook 5(13)
o] ¥lyoll u}e} denaturation solution(1.5M NaC(Cl ;
0.5 N NaOH)ell 4 4587} denaturationd}$l i, neut-
ralizing buffer(l1 M Tris[pH 7.4] : 1.5 M NaCl)ZE- ©]
£-3}eq 1557 23] F3}sledc)l. Nylon membrane
(Hybond-N { Amersham International plc., Amer-
sham, UK)°.2 2] DNA transfert= Southern®] Hi
(14)& -&sto] A xz3]Ap2] %) Ho upe} dA)sled e
™, transfer bufferZ+ 20XSSC(3M NaCl; 0.3 M
sodium citrate}g AF&-3}53 ¢} Prehybridization-&- 0.1
micm?$| ¥]-&Z prehybridization solution(5X SSC :
0.1% BSA, fraction V 5 0.1% ficoll ; 0.1% polyvinylp-
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Fig. 2. Southern hybridization of total genomic DNAs
of several BP and 4CB degrading strains with the pchA4-
BCD genes of Pseudomonas sp. DJ-12 as the DNA
probe.

(el electrophoresis (1) of the total genomic DNAs di-
gested with HindIll and Southern blot (2) of the gel
hybridized with the pchABCD genes (probe 1).
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yrolidone ; 0.5% SDS i 40% formamide 5 100 pg/m/
herring sperm NDNA)S #7713t ¥ hybridization bag
(BRL, Gaitherberg, MD., USA)°. 2 %7 42T o 4]
2217 ok AAsidd 1 % 7ol DNA probe
£ ¥ 3§'8= hybridization solution(5XSSC : 0.5%
SDS 5 40% formamide : 5% dextran sulfate : 100
ug/m! herring sperm DNA)el| 41 1847} &<} Hybri-
dization& A8}l Hybridizatione] £]8F ARE4d
DNA A #H-2 BluGENE Nonradioactive Nucleic Acid
Detection System(BRL, Gaitherberg, MD,, USA)=-
Ab-S-3lo] 3| ALe] AlL-2] Aol uwle} wRA Al

4 il
BP % 4CB =3MF2 Genomic DNAO| cHE
Hybridization
B od+ol] ALSE] BP % ACB 3] #5FE9] total

genomic DNA-E- Hindlll, EcoRl, Sall 9 A3+a
a2 A2gF #, Fig 1olx9} 2ol Pseudomonas sp.
DJ-122] pcbABCD(probe 1) 2 pcbAB(probe 2) 1
2|l pebCD(probe 3) F-4AA}2 Al 2% DNA probe=
A}-8-3te] Southern hybridizationS A1A)8F ZHale=
Fig. 29} Fig.3 2|2 Fig 4e 4o} 7ok Hindill2
A5kg total genomic DNAO] #) =3 plasmid pCU1
2] 6.4 kb EcoRI 4318 DNA probe(probe 1) Sou-

thern hybridizations AA18lgd-& u, Fig 244}
[~ (¥ s | [5 N |
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Fig. 3. Southern hybridization of total genomic DNAs
of several BP and 4CB degrading strains with pcbAB
genes of Pseudomonas sp. DJ-12 as the DNA probe,
Gel electrophoresis (1) of the total genomic DNAs di-
gested with EcoRI-5qil and Southern blot (2) of the
gel hybridized with the pcbAB genes (probe 2).
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ig. 4. Southern hybridization of total genomic DNAs
of several BP and 4CB degrading strains with pchCD
senes of Pseudomonas sp. DJ-12 as the DNA probe.
Gel electrophoresis (1) of the total genomic DNAs di-
gested with HindIIl and Southern blot (2) of the gel
hybridized with the pcbCD) genes (probe 3).

Table 3. Hybridization of the total genomic DNAs of
different BP and 4CB degrading bacteria with pchACD
as the probe

Hybridization
DJ-12 P03 PE( P20  P1242 KF707

bchABCD

(pCU1) + + + — — +
pcbAB
(pCU101) + + + — — +
pchCD
(pCU103) + -+ + - — +

+: hybndization, +: not hybridization.

kol Pseudomonas sp. D]-122} POB 2] 31 P27ol 4
25 =gk gl x|l A hybridization signale] 5787}
ebyiel Zefvt o 53 BP % 4CB2) o AbatA o]
#roldt P20 3 P1242 o 5ol A+ hvbrxdlzataon 51g-
nale] viebub=] ¢iglch 1elx BP F-slr59ql P
pseudoalcaligens KF7070l A= I")J-12§:]T; 1 &9 EH"?_—
=Z71el H4HE2kb)oA] signale] el

Probe 2(pchbAB %12 & hybridization-2- g+ 2
N Fig 30l A9} o] DJ-122F PO z2]at P27

ofl {ub F<lgt hybridization band?} 2#elz|2] o
pcbAB ARV EEEEL T gt 2.2kb 78] A FHol
at gignalel vhelydtt. Probe 3( pebCD §-22pho &
hybridization-2- g 27+ Fig 40l A=} 3lo] DJ-12¢}
P08 zelir P27 A pebCe} pebD - 25 zthzb
7FAlaLele 2.4 kb2l 5.0kb A Ho) A signale] vle}
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Fig. 5. Southern hybridization of several recombinant
plasmids with pcbABCD genes.

Gel electrophoresis (1) of the recombinant plasmids
digested with restriction enzymes and Southern blot
(2) of the gel hybridized with the pchbABCD genes
(probe 1). Abbreviation: A-H, A-Hindlll size marker:
E, EcoRI; S, Sall; H, Hindlll; X, Xhol. C, Clal.

HO 2 A pcbABCD 312 k2) AgFE A4 Q14 M=
ol& el A LA Goh= S o - 2k Pseu-
domonas sp. DJ-122) pch —rr-ﬁ?{HE%* 37}212] DNA
probe 2 A}-8-3193-& ul BP ¥ 4CB #3) #F3Eo
th&t hybridization Z 38 £3}s] ®wd Table 33

b Aled Aol 4] F-2]3F BP 2 4CB RSS2
Pseudomonas sp. DJ-122] peb $Z A} AME-Alo]
2l W T(DJ-12, P08, P27)3 DNA of 7]4]edq]
Aeidel Sl dHFTHP20, Pl242)e 8 pREEF 4
lelct ey P pseudoaicahgenes KF707-8 DJ-12
TS A R AFELS ARSI A
ol gt HFToE %vﬂﬁq

BP 3 4CB Ra#{TUXIL| ASM

Pseudomonas sp. DJ-12 2 P. pseudoalcaligenes KF
707 ZLe]3r P. putida OU832] chromosomal DNA
25 BP % 4CB #afxz2b2 2r2k Z2u3k 7
Z3HTEe]l 7FA12%0+:  recombinant plasmid &
(pCUL, pKTF20, pAW6194)l| 41 BP = 4ACB -3¢
AR pebABCD S} bphABC 18] 3 chpADCBS-9)
AE A Bl B4 skt Fig 19148k 22o] pCULe]
6.4 kb EcoRl A A(probe )3} pKTF202] 7.2 kb Xhol
A #A(probe 4) 12} pAW61942) 8.0 kb EcoRI-Hin-
dlil H#H(probe 5)-& 77 probe® A}&-&le] 2} z
*3% plasmid&3} Southern hybridizations}ell -3
25 AAsAS 2AeE A3 Fig. 59} Fig. 63}
7t pCULS 6.4 kb pchABCD -rrﬁz} =~ probe ®
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Fig. 6. Southern hybridization of several recombinant
plasmids with bphABC and chbpADCB genes.

Gel electrophoresis (1) of the recombinant plasmid di-
gested with restriction enzymes and Southern blot (2
and 3) of recombinant plasmids with bphABC (probe
4) and cbpADCEB genes (probe 5).

Abbreviation: A-H, A-HindIIl size marker; E, EcoRI:
S, Sall; H, Hindlll; EP, EcoRI-Pstl; HS, HindllI-Sa/l.

pKTEF202] 6.0 kb Xhol-Clal 2 HA(pKTF20-XC)oll A&
hybridization signale] ye}ytov} ppaC SAH=}E
7FA AL )+ 1.2 kb®] Xhol-Clal A e 413= signalo]
el ekqket. ool whaled pAW6194= chpADCE
RS ZERAL 9l 80kb2 Hindll < 3(pAW
6194-H)=} HindllI2t Salle s Actsle] L o chpA

AH8-3hd s d(Fig. 5), bphAB HHAHE 7hA2 gl
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Table 4. Homology among the BP and 4CB degrading
genes include in different hybrid plasmids

pch (pCULY  bph (pKTF20)  chp (pAW6194)

Probes AB CDb AB C A DCB
pcbABCD

(pCUL) + + + - -~ =
bphABC

(pKTF20) + NT  + + + +
cbpADCB

(pAW6194) - -+ v ¥

+: hybridization, +: not hybridization, NT: not tested.

% cbpDCB -F-AA5 ztzb 72|32 9= 3.1kbs}t 2.9
kb % H(PAW6194-HS)ol| 4 25 signale] viel}x]
vt

oleigt A= pKTF202] bphABC A A2}l pAW
61942] cbpADCB FA A= DNA probeﬁ AL-E-3)
Fig. 62 A 5-olx U3t Az}l T UKk 7.2
kb2 bphABC #7325 DNA probe_l.; o]-8-5}9i-&
o (Fig. 6-2), 2} =3F plasmid pCULE v]¥-3led pAW
6194 41 hybridization signale] vlelyc} v}
pAW61942| 8.0 kb chpADCB #1242 DNA probe &
AH8-31s S ul ol =(Fig. 6-3), pCU12] pcbABCD $A
Abell 4= signale] 3] vpelbr] odgkom pKTF20
2] bphABC 73 Afell 4] 7}&F signale] viebytcl BP
% 4CB Y&l - A A2 5‘37]*1"&94 45442 DNA
hybridizationol| 2]s}o] &A% Axl= Table 49} 7t
vh. Psedomonas sp. DJ-12¢ 4] cloning%!l pCU1<
pcbAB A A= P pseudoalcaligenes KF7079]| A
cloning%l pKTF202] #phABe} *xAoel Zqgfo.)
C 742k Atelelj= AbgEAde]l $lgdch 18]l pKTF
202) bphABC2} P. putida OU83ell 4] cloning% pAW
61942] chpACB Atolell= AbEAlo) gkon) pCUlL
o] pchABCD2} pAW61942] chpADCB Alolol| = 4}
Aol ok

o

T2 P203} P1242 ‘E'T'E"_‘q‘ DNA hybrldlzatiar}‘ﬂi
ot AE el gl ol BP % 4CB¢} 4CBAE
w3l s 5AS Aok "Hellx] P20 2 P1242 3
T AFeldl Axi19)et U A= dAbolo). Yates
5(18)> PCBs H#-8ll«5-2 Pseudomonas strain LB
4002 -8 322 DNA probe® A}-g-3te] 7702
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AHAA FeldTEe A7IMdE vlusids o 4
CBE 4CBA7}X| vl Bl EAL =Y Alﬂalzgenes
eutrophusol| M vt As4E& Jehide, o 735
Al e S Holx vt B slel). ZLEW}
Ao 2 H.ol Pseudomonas strain LB400-2 Alcaligenes
eutrophus3t FH E ool Ab8-gF P203} P12429)
AeAdel IS ZeE wekxlch el BP 9 4
CBe] ol tH3t AR} FUZ dFLed4s
Al AR Q)M de M E AgAdel Erha Azt
& 4 Slch

Hazr] odefxl BP ¥ 4CBo] H-3f-8-A zpL
25 3hte] operonl® AIE|e] Q) o8 Sdq
Khan 510, 1Dl 2]a&] P. putida OUS3O.ZHE] &
235 cbpA-DCB} Furukawa 52 P. pseudoalcali-
genes KF707(6)2t P. pseudoalcaligenes KF715(8)¢ 4]
Aozl bphABC-D % bphABCD 18] 3 Han (7)<
pebAB-CD 47150 Lejsiny. olshare] 7 %
ol 7FA 2 Sl HalfAxle] wjde] Apolshu,
£3%| 2,3-DHBP-Z meta-claevage compound7}#] -
sshzdl ek DJ-129] pebC(12) 2 KF7078]
bphC(4) 1ejil OU8B32] ¢hpC(10) FHALE Alo]of
A= bpkcﬂ copCrite] AEAE 7HA A ek 2
2]t o1& 3 pebC H A A Apo] ol 4= hybridization©]
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