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Pseudomonas sp. DJ77¢] chromosomal DNAZ RE] 6.8kb Xhol HW Ao} ZA=
phenanthrene -3¢ B {427 & vector pBLUESCRIPT SK(+)el E2338 <} o]g A
e AZF plasmidg] pHENXTE 7bA3 olE JMI01 #3FE 3-methyleatechole X 2hde)
meta-cleavage 322 DY + Agdck 22t A9l® HHo] wepo] ubst He = A8
PHENX7RE: extradiol dioxygenase 48 Vb 97) wj&o] Axpge & & gigch
pHENX7% ¢]¢] $EMEL AYL: JMI101 #FF oA PhnC(24 kDa), PhnD(31 kDa), PhnE(34
kDa), PhnF(15kDa)2] 4 polypeptide® ¥ 4 sz MM FA=e] 9} w2 <&
F ot §Ax £A4= phnC-phnD-phnE-phnF-phnG 19 2., phnC, phnD, phnE, phnG= 7}7)
glutathione S-transferase, meta-cleavage compound hydrolase, extradiol dioxygenase, meta-
cleavage compound dehydrogenase2] §-31x}o]%ic).
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Table 1. Bacterial strains and plasmids
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T4 DNA ligase= New England Biolabs(Beverly.
MA, U.S.A)), Boehringer Mannheim GmbH(Man-
nheim 31, Germany), Promega(Madison. W1, U.S.
A)ESE] Fof3te] Algslgon ukg 2L Az
3| Ao} A ubel] whglel of2izbA] Aj 23 DNAS] A%
g ArldE W Axl#ede NEHo R Ma-
niatis 5(10)2] WYL wghe}) Hr)dE ¥ Do
AHEL low melting-temperature(LMT) agarose
(Sigma Chemical Co., St. Louis. MD, US.A)¢}
QIAEX gel extraction Kit(Qiagen Inc.. Chatswor-
th, CA, USA)E AHEsle] 3 53)oc)
oo §d &3

Extradiol dioxygenased] 7-$%-ol& [00 mMS] 3-
methylcatechol £-4-8 colony $j¢l] Welme] 7 302
o|iZ colony”} xed-& ww extradiol dioxygen-
ase FAdo] gl o7 :foJg}oiq

ohE E"“/l e FAzted A 2Ea
HE b el Alzabelvh | X10% cells/mi7h=]|
af ekt AlEE 4o 4 4132) 8193 (10.000X g, 53)
#14¢k % 50 mM NaHPO,-KH.PO, $+%£-9(pH
6.8) 2% 23] AT ths dFE FHdleA 0x
FHe R 152 F<b 103) sonication@d 24 AL
S sl Aesich 223 4CelA Al st
(10,000 X g, 157y o1& H AR Az wb-Lo) Alg3}
oith mera-cleavage compound hydrolase®} meta-
cleavage compound dehydrogenase2] 2432~ Bayly

Bacterial strains
Pseudomonas sp.

DJ77 Phn' Bph' 7
E. coli IM101 supE thif(lac-proAB) 11
F' [iraD36prodB* laciacZ AM15]
IMI109 recAl supE44 endAl hsdR17gyrA96 16
relAIthiA(lac-proAB)
F' [raD36proAB " lacllacZAMI5]
Plasmids
pBLUESCRIPT
SK(+) Apk Stratagene Co.
pHENX7 pBLUESCRIPT SK(+) carrying 6.81-kb Xhol This work
fragment of chromosomal DNA from DJ77
pBX13 Deleted 5.5-kb BamHI-Bg/ll fragment of pHENX7 This work
pHXI8 Deleted 5-kb HindlIl fragment of pHENX7 This work
pPX40 Deleted 2.8-kb Pst fragment of pHENX7 This work
pXH39 3.9-kb HindIll fragment of pHENX7 in SK(+) This work
pEE1] 1.14-kb EcoRI fragment of pXH39 in SK(=+) This work
pEE14 1.36-kb EcoRI fragment of pXH39 in SK(+) This work
pEL2S 235-kb EcoRI partial fragment of pXH39 in SK(+) This work
pSHI1S 1.55-kb Sall-Hindll fragment of pXH39 in SK(+) This work
pSS21 2.1-kb Sall fragment of pXH39 in SK(-+) This work
pPHI12 1.2-kb Psr1-HindlIll fragment of pXH39 in SK(+) This work
pPP10 I-kb Psrl fragment of pXH39 in SK(+) This work
pXE08 0.8-kb Xhol-EcoRI fragment of pXH3Y in SK(+) This work
pPEL7 PstI-B fragment of pPPI0 ligated to Pywl-A This work

fragment of pEEI]I
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2} Wigmore(1)2] sy we} &xslsdc}. Gluta-
thione S-transferase®] #A-2 100 mM sodium
phosphate buffer(pH 6.5)¢ll 1 mM 2] glutathione st}
1 mM2] l-chloro-24-dinitrobenzene < 71" 3 7}
&L 37Cel A 8vEEAIR F, 340 nmolj A F4m e
HalE SAstgh2).
SDS-polyacrylamide gel H7|HE
Polyacylamide= Aldrich Chemical Company
Inc.(Milwaukee, WI, USA)ERE F¢3gln ¥
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Kit(Sigma Chemical Co., St. Louis. MD, US.A)&
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(13). o] uefed | m/g >-r46}°1] 15,000 rpmell A 10
w2k e ske] ol el 50 M2} 2X loading
bufferg ¥ 287 100C4 £ F. 12,000 rpm
ol 4 1087 AlFelsldeh. 30-50 el AREolg
#H3tod 15% gelell loadingstz # 7)edEsledct
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genaseo]al op sl lower pathwayel 3hed sl
catechol  23-dioxygenaseolt}h. o] Zoll 4 1.2-dihy-
droxynaphthalene dioxygenasey= 7] 2 Bo] o] o}
o} X } 714 ¥k ol 3-methylcatechol = &
A 5 glel6). £ oI Pol A& phenanthrene wf AF
2} 01] 4 upper pathwayell ¥toi8t1 9)i= extra-
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diol dioxygenase FHAE 22YY 58 xo]7)
913}e] catechol tjAlel] 3-methylcatechole 7| "2
Al-g-shoich

Phenanthrene &8 $-322-S cloningsl”] ¢4}
o Pseudomonas sp. DJ772] chromosomal DNA 2}
pBLUESCRIPT SK(+) DNAE A& 4 Xholo =
# 28} & ligationdled E. coli IM1019)} transforma-
tiondtirk.  X-gal(0.8 mg/m/l).  IPTG(40 ug/mi)s}
ampicillin(80 yg/ml)y& H71& w2 o4 Y2
ERA colonyell 100 mM€] 3-methylcatechol 848
Wojreed 30& ol =2h48 w3709 transfor-
mantE A} ol Fe) Zhal v AMEY plasmid &
7+zb pHENX7, pHENXI2. pHENXI130]2} vwis}
al DNAZ 33k Agass 2% 2An, vy
°f 68kbe] EUF Xhol Huo] Akloe] 9lgjc}
(Fig. 1A, lane 2) 22§ 4 ©]F pHENX73+S 7} 31
AL AFsddrh 68kbe Xhol HHe Hdas
Bglll. EcoRI1. Hindlll, Psl. Sall€] "i‘&—‘?—?}ﬂ &
A st BamHIZ} Kpnle] Aubd ol =z ok}
th Fig. 1A 4 HE wle} 3o} o]i Xﬂ?fhi¢—5;
whed Fe ojFeg B3 Ae)ste] FAH e
715 FA4, 242N APELNTE 43}y
tiFig. 2).
Extradiol dioxygenase |REXHphnE)Q| x|

Extradiol dioxygenase f31%12] 9145 A7)
$l5ted pHENX79] #l8tfsx 55 B}ELO & o]
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Ano7HE A Fig 2004 His H}Q} 7ho]
pHENX7 DNA<: BamHI Bglll& #elslo] )z
g pBXI13 HASEAe} Pyloz xHeldto] A zat
pPPX40 AAdFeAls BF A4971E A Aslelon,
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dIT #13]e) subcloningdt pXH39Y= & 49712 1}
bl edet. o] pXH39 plasmidE EcoRl, Sall. Pyl
L8 Helgpe] A Ak AR HindlI-3.9 kb
el whake pHENX7°ﬂ *12] HH‘M} @t Ex-
tradiol dioxygenuse §- 29| $13] 2 Zo] 4ws}s)
bol® 7] g)ako] pXH39EYE] pEEL4, pEEIL pSS
21, pSHIS, pPP10, pEE2S 9] 5358 x5
sk Fig 20)4] 14z uje} 3ho) pEE2S ] ¢l
N B s glx) ¢ghon o] Axby wp

extradiol dioxyj:cnasc AR ATAEL 72 AL

A1 227 kb $1212) EcoRI 24 kb 222 Sull. Zrel
272kb $122] Porl HAek39)ol] HAA 2 Zﬂﬁ“’ o4 T

oladct. :RHA{ extradiol dioxygenase §47 -]
Wy s S s wEv] 9)3ted pPP102) Pyl-B
45} pEEN 2] Pyl-A 28-S 358 % ligationdh
A3t Agra 5] 18 kb 2139 Polb 3.5 kb
-?]'R]/] EcoRI Apelol| Q1= 1.7-kb A7 7}x v

iz pPE17S 15ick(Fig. IB). ol 43 xic) 2 pPE17
< 2H3L90E IMI01- extradiol dioxygenase 348
3L gle] Smtthylcdlcuhol? BS54 FE o
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Fig. 1. Restriction analysis of pHENX7 (A) and its derivative pPE17 (B). Electrophoresis was carried out for
5 hrs at 50V. Agarose concentration was 0.8%. Size markers were N DNA digested with Hindlll and
EcoRl(21.22, 515, 497, 4.26 353 203 190 158 1.37 094 083 056, 0.12kb). (A Lane 1.
A-Hind/ll-EcoRl; 2. pHENX7-Xhol, 3, pHENX7-Xhot-Sall; 4, pHENX7-Sall: b5, pHENX7-Xhol-EcoR!: 6,
PHENX7-EcoRl; 7, pHENX7-EcoR/l-Sall; 8 pHENX7-Pstl; 9. pHENX7-Psti-Bglll: 10, pHENX7-Bglli: 17,
PHENX7-Bglll-BamHI; 12, pHENX7-BamHl: 13 pHENX7-BamHi-Pstl (B) Lane 1, N DNA-Hindil-EcoR/:
2, pBLUESCRIPT SK(+)-Pstl: 3. pPET7-Hindlll: 4. pPE17-Pstl; 6, pPE17-EcoRl; 6, pPE17-Sall; 7, pPET 7-

Sall-Ecofl.
0 2 4 6 6.81 kb Extradiol
T T T T 1 dioxygenase
activity
phnE B -Ga
PHENX?  ———77 T TT T T T TT T T 1T 1
X § EE P ES P E HE B S S EX SK{+) BmPEHSX +
B X
@ pBX13 [ _
P X
® pPX40 L J
X H
© pXH3I9 L 1 +
E E
@ pEE14 S -
E E
® p}Ill VO | -
S S
® pSSZl | -
S H
© pSHls S | -
p P
® pPP10 e -
E E
(D pEE25 L ! +
p E
@ pPE17 —_ +

Fig. 2. Physical and genetic map of recombinant plamid pHENX7 and its derivatives. The direction of
transcription of the lac promoler s indjcated as arrow heads. Abbreviations : E, EcoRl: H. Hindlll
P Psil: S Sall: B Bglll: X Xhol: Bm, BamH/. The extradiol dioxygenase activities of strains harvoring
the plasmids were determined by spraying 100mM 3-methylcatechol solution and is indicated by a
‘+" or ‘=" symbol.
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promoterE IPTGE X% ¥ X882 15%¢] SDS-
polyacylamide gelell H7]ed% 3t ck(Fig. 3).

AF72] B1® ohE extradiol dioxygenaseS-2]
7% 97 °F 34kDa®) #7}4] subunit® FAE o]
L=dl(6), Fig. 32 5 lanesll 4 B 4 9}50) PhnE
ARt 3 5sla gle pPEIT SEAol 4 of 34
kDa®] chide] chaf A =)gict 28y} pPE173
TEHes e Adg sty 9 pEE4Y)
pPHI2 4= PhnE wh¥ido] $ 5% okotr} ol
AIZRE phnE FAAR= A7]7} oF 920 bp ., oA
APz AGEL x4 227kb 9x9
EcoRIZ} 272 kb $1219] Pyl BehRglo] 43 xx)
L =lskqdcth

phnE +321e] BLZ upstream Zofl 928} 1 4-kb
EcoRl At 4]de] 9l pEEl4e] 4} o} 3]
kDa®] hifizde] A= dciFig. 3, lane 3). o] 1}
WAL st e HAE phnDz w93}
%tk pEEl4s} iAo g zte zods xgts)n
& pXP163} pPEITe] A= PhaD whidalo] g%
=2 o AoE Wol phnD A= Pyl 29
9ol A3 2 850 bp 27| 2 2 FE & 5 )
PhnD w32 merg-cleavage compound hydro-
lase®] #4& ehfglu).

phnDE®] ¥} & upstream %o 9218} 1.6-kb Yhol-
Pl At Atslsle) ol pXPleel Al oF 24
kDae] =hiizle] 45 9lcFig. 3. lane 4). o] tt
WAL s slsln e FAAE phnCe Eusa
o pXPlo#} #2do g ke 2o zatala gl
pXE083+ pEEl4e] A= PhnC @l do] 4557
We AR Hel phnC &A= 0.75kb SR
EcoRIl F-$12} 0.88 kb 9X)2] EoRI *-9]& X §)3}o]
°f 630bp =712 EHEE < 4 9ldrh. PhnC
w2 glutathione S-transferase®) 48 e}
Hdeh &l 7ba] Aol i o B4 Proteus mira-
bilis-ell 4] glutathione S-transferasc®] &H4Jo] w7
=l=dl(4), ©] 47 A+l phenanthrene o) A}ol)
oW Hd&S Fastez] wfe Fu]Fo)

phnCDE®] ¥}2 downstream Zol %3+ 12-kb
Pstl-HindIll A#\gH-E 2k gl pPHI2o) 4= of
I5kDa®] shijdle] af2o] ok §41%9)=u|(Fig
3. lane 6). o] hAlg <rFslalT gl fAAE
phnFZ v 8tsich. PhnF xb¥)4o] phenanthrene
WA Foll ] ofr)ell gedshin glizz] olo g
walol & zlolnt

phnCDEFS] downstream §-¥-& 253 9l& pPX
40, pHXI8, pBX13o 4 | 2¢- chl 2o] ek 514
e A wAskAlE Leledeh e obg 2.3 9
TR O EAL S gle o7 A7kEle] o
39kb $1A]ell EE= Hindlll Axtie)g FA)o e
Primde AAdy JEAS mASIT =R
TRIE). °] ARE FAR sl A BYe Al
A3} meta-cleavage compound dehydrogenase -
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0 2 4 6 6.81 kb
I T T T 1
phnC phnD phnE phnF phnGé
X E P EP F 4 HE X
1) SK(+) E
2) pXEO8 ‘~—’E .
3) pEEl4 < '-—*P—’
4) pXP16 ‘———-——; £
5) pPE17 ‘ﬁf
H
6) pPHI2 X b X
7) pHENX7 — !
1 2 3 4 56 78 koa
97
66
! 45
PhnE> 29
PhnD»>
PhnC ~
PhnF | 14

Fig. 3. Mapping of the gene products synthesized in
vivo by plasmids. The lines indicate the extent
of indindual  subciones  constructed  in
PBLUESCRIPT SK(+). Abbreviation; X, Xhol: H.
Hindll; E EcoRl; P. Psil B, Bglli: Total cellular
proteins of strains grown in the presence of

1sopropyt-3D-thiogalactoside (IPTG) were
electrophcresed on  O.1%  sodium dodecy/!
sullate-15%  polyacrylamide gels. Lane 7,

PBLUESCRIPT SK(+) in JM101; 2. PXEOS: 3,
PEEIL: 4 pXP16: 6 pPET7 6, PPH12: 7
PHENXT: 8 molecular weight size markers.

A7 232 gelslw o) phrG 2. H93slelc)
ol el 4] 4wk wpelzle] pHENXT7e| Z2ys

6.8-kb Xhol d#Heoli= phenanthrene %3] §43%

°l phnCDEFG®) #Hthz #& ool =z 5}

WS ek

E. colitiA phenanthrene E&iRXXle] sl
PHENX7¢l 4}3]%l 6.8-kb Xhol H#-8- wie) w}

0.



6 Kim, Youn, Shin, Kim, Park and Park

ko2 abqlsted Alxg pHENXTRE 7ol A
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Azt

Ak &

=R 19881 W& FeodTEAdu|(H3

»
2aho] olaje] A7HL
41 2 #

1. Bayly, R.C. and G.J. Wigmore, 1973. Metabolism
of phenol and cresols by mutants of Pseudomonas
putida. J. Bacteriol, 113, 1112-1120.

. Booth, J., E. Boyland and P. Sims, 1961. An
enzyme from rat liver catalysing conjugations
with glutathione. Biochem. J. 79, 516-524.

3. Bucker, M., H.R. Glatt, K.L. Platt, D. Avnir, Y,
Ittah, J. Blum and F. Oesch, 1979. Mutagenicity
of phenanthrene and phenanthrene K-region
derivatives. Mutat. Res. 66, 337-348.

4. Di Ilio, C., A. Aceto, R. Piccolomini, N. Allocati,
A. Faraone, L. Cellini, G. Ravagnan and G.
Federici, [988. Purification and characterization
of three forms of glutathione transferase from
Proteus mirabilis. Biochem. J. 255. 971-975.

[29]

5. Evans, W.C., H.N. Fernley and E. Griffiths, 1965.
Oxidative metabolism of phenanthrene  and
anthracene by . soil pseudomonads. The ring

fission mechanism. Biochem. J. 95, 819-831.
6. Harayama, S. and M. Rekik,
aromatic ring-cleavage enzymes arc classified
into two different gene families. J. Biol. Chem..

1989. Bacterial

9.

10.

. Noda,

KOR. JOUR. MICROBIOL

264, 15328-15333.

. Kim, C.K., JW. Kim, Y.C. Kim and T. 1. Mheen,

1986. Isolation of aromatic hydrocarbon-
degrading bacteria and genetic characterization
of their plasmid genes. Kor. J. Microbiol, 24. 67-
72.

. Kiyohara, H.. K. Nagao and K. Yana, 1982. Rapid

screen for bacteria degrading water-insoluble,
solid hydrocarbons on agar plates. Appl. Environ.
Microbiol, 43, 454-457.

Kiyohara, H., N. Kazutaka and N. Ryosaku, 1976
Degradation of phenanthrene through o-phtha-
late by Aeromonas sp. Agr. Biol. Chem. 40, 1075-
1082.

Maniatis, T., E.F. Fritsch and J. Sambrook, 1982.
Molecular cloning: a laboratory manual. Cold
Spring Harbor Laboratory. New York.

. Messing, J., 1979. A multipurpose cloning system

based on the single-stranded DNA bacteriophage
MI13. Recomb. DNA Tech. Bull. 2. 43-48.

. Nagao, K., N. Takizawa and H. Kiyohara, 1988.

Purification and properties of cis-phenanthrene
dihydrodiol dehydrogenase in Alcaligenes faecalis
AFK2. Agric. Biol Chem. 52. 2621-2623.

Y., S. Nishikawa, K.-l. Shiozuka, H.
Kadokura, H. Nakajima, K. Yoda, Y. Katayama,
N. Morohoshi, T. Haraguchi, and M. Yamasaki,
1990. Molecular cloning of the protocatechuate
4.5-dioxygenuse genes of Pseudomonas paucimo-
bilis. J. Bacteriol, 172, 2704-2709.

. Silhavy, T.J., M.L. Berman and L.W. Enquist,

1984. Experiments with gene fusions. Cold Spring
Harbor Laboratory. New York.

. Sutherland, J.B., J.P. Freeman, A.L. Selby, P.P.

Fu, D.W. Miller and C.E. Cernilia, 1990.
Stereoselective  formation of a  K-region
dihydrodiol from phenanthrene by Srrepromyces

favovirenes. Arch. Microbiol., 154, 260-266.
. Yanisch-Perron, C., J. Vieira and J. Messing, 1985.

Improved M13 phage cloning vectors and host
strains: nucleotide sequences of the MI3mpl§
and pUCI9 vectors. Gene, 33, 103-119,

. Yen, K.M. and L.C. Gunsalus, 1985 Regulation

ol naphthalene catabolic genes of plasmid NAH
7. J. Bacteriol, 162. 1008-1013,

(Received September 18, 1991)
(Accepted October 7, 1991)



Vol 30 1992 Cloning of Phenanthrene-Degrading Genes 7

ABSTRACT: Molecular Cloning of a Gene Cluster for Phenanthrene Degradation from
Pseudomonas sp. Strain DJ77 and Its Expression in Escherichia coli

Kim, Young-Chang*, Kil-Sang Youn, Myeong-Su Shin, Hong-Shik Kim, Mi-Seon
Park, and Hee-Jin Park(Department of Microbiclogy, Chungbuk National
University, Cheongju, 360-763, KOREA)

We cloned a gene cluster encoding phenanthrene-degrading enzymes on a 6.8-kb X#ol
fragment from the Pseudomonas sp. DJ77 chromosomal DNA into the vector pPBLUESCRIPT
SK(+). The resultant clone, containing the recombinant plasmid pHENX7, was able to
convert 3-methylcatechol to a yellow meta-cleavage compound. Since the pHENX7R in
which the DNA insert was cloned in the opposite orientation lacked extradiol dioxygenase
activity, the direction of transcription was established. Four polypeptides, PhnC (24 kDa),
PhnD (31kDa), PhnE (34 kDa). and PhnF (15kDa), were identified in E coli IM101
transformed with several pHENX7-derived plasmids. The locations and extents of individual
genes were determined by subcloning. The gene order was phnC-phnD-phnE-phnF-phnG, and
phnC. phnD. phnE, and phnG genes encoded glutathione S-transferase, meta-cleavage
compound hydrolase, extradiol dioxygenase, meta-cleavage compound dehydrogenase,
respectively.



