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Pseudomonas sp. Strain DJ770|M phnF {SEXIQ] 7X
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Pseudomonas sp. strain DJ772%6 22J% catechol 32} TR phnDEFG $AxE0] ZA pHENX
7ollM phnF fA2}e] A7]A 9L wilch. Extradiol dioxygenase 1=}l phrE2}, 2-hydroxymuconic semialde-
hyde dehydrogenase& YAVsh= phnG - Alolol] EAYSMe S8} phnF 432 bps2€ & }2] open reading
frame(ORP) 2.2 EA3HL, o7)14 {33 obulxAbe 143718 £xbef 13,859 dalton?] polypeptided THEo] W
X Qlck. phnF $RAR= Sphingomonas sp. strain HV3 catE $-H=x} .99} Sphingomonas yanoikuyae B12] xylE
2t xyiG Aol ExSRs ORF ¥919] W7INL=} 22t 9%, 68.6%9) AS4& 7hx2 Qleich. E3 PhoF chwy
Ao} olu) AWM DL Citrobacter freundii DSM300402] orfY £.2]¢] ofu) At A=} 62.3%2] AREAC] 9}
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ehetea Rojo) deiE @ fAxEe
o] Bt glet. g shube] fAAE el E B
7ol dAEo] fA27)E 9128k 8lE A$o) gl Ca-
techol-2,3-dioxygenase(C230)2} 2-hydroxymuconic semialde-
hyde dehydrogenase(ZHMSD), 28] 2-hydroxymuconic semi-
aldehyde hydrolase(2HMSH)= catechol #5317 2 o4 A2 o]
B Qe WAl A7) Ashe A4EQ1u(Fig 1), AA)
2 naphthalene 23 521 Pseudomonas putida NCIB98163}
xylene #3530 P. putida TOL plasmid pWW0, 2] 7.
phenol 28591 Pseudomonas sp. CF600el| 4] ] -§-Hz}2]
$2}4= C230-2HMSD-2HMSH(ZH2} nahH-nahl-nahN, xylE-
lG-xylF, 712] 50 dmpB-dmpC-dmpD)2 743 % o] 9lrk(l, 3).

Pseudomonas sp. strain DIT7(4)ZHE] F248) 2)xdt
plasmid pHENX70ll3= catechol #3]e} aisgl S=x}So]
EAsbaL gleh. A F7HA] A pelA] el A phaE §
2= catechol-2,3-dioxygenase2] A48 vejuly glow],
phnE -A7ke] viE AFF-H-3-o 2HMSHE otsslsly g)
= phnD -7 27L EAHZCH6). 2HMSDE ABAksh= phnG -5
A2z phnE §412FS) shulsko 2 500 bps A E Woiz]
A #1xE ik phnF SR 2b= pheE §0219] 3%
%1€k 12-kbe] Pstl-Hindlll 4H-E 742 51 9l pPH126)4
of 15kDao] whilAl S Ash= Ao g gl wahy
Pseudomonas sp. strain DI77olA 2 el| 4]} B]2=3}4] 2HM-
SH-C230-2HMSD9] M2 -F-HA7F ¢x]stn 9o, &
°|§ 7212 phnF §3HA[7F C2302}F 2HMSD Alolel] a3t
- olek(s)

FrodAbredl Sl frAAEe] 4 B ze 7 -
333l gli= AoR v]lFE u) Pseudomonas sp. strain
DI772] A Abtel] 71e18)+= phnF FAALE o] §-H 272
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S THAE27 phenanthrene #3fol] £% 7]
A8 FAY 5 gt B APl phnF §3%
o] d71xd-& AA sl phnF §H 2] EAE 3als}
L2Re dE dFEH driMd BL ojnlaka
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T, plasmids U HYX|

2 AN AR FFe ol Bl vl gle=
domonas sp. strain DJ77(4)o]t}. AL 2t &gt
E. coli XL1-BlueE AH8-3}511, cloning vector2i= pBLUE-
SCRIPT SK(+) phagemid(Stratagene)S A}8-s}3ic). F5= 2
plasmids®] EA1-& Table 13} 7o}, 243 WA 2= LB(Lu-
ria-Bertani)af 2|-& AL-2-5}3c).

Pseu-

DNA F& 3) XZ}

Pseudomonas sp. strain DJ772] chromosomal DNA:= Sil-
havy(9) 52 Wil wel FZ3s19d 09 plasmid DNAL:
Sambrook(7) -2 Wjel| wel FEslqic. 4E A a4
% T4 DNA ligase 5-2 Boehringer Mannheim, POSCOCHEM
(#4278, 22] 3 New England Biolab £2 2 RE] F4]3}
of ARgstolond, Wk 271-& A 232k Aubel upgdc),

HIIMY 2N

Sequenase version 2.0 kit(USB)S AR&-3lo] Sanger(8) 3
9] dideoxy-mediated chain termination o g phnF -4
Al F91e) dr|HqdE ARk 52L pSE1752 reverse
primer(S'-TTCACACAGGAAACAG—?a')Q} -40 primer(5'-GTT-
TTCCCAGTCACGAC-3)E o|83}o] o}& wb3ko & sequenc-
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Fig. 1. Catabolic pathway for the dissimilation of catechol. Com-
pounds: I, catechol; II, 2-hydroxymuconic semialdehyde; III, 4-
oxalocrotonate, enol form; IV, 4-oxalocrotonate, keto form; V, 2-
Oxopent-4-enoate; VI, 4-hydroxy-2-oxovalerate; VII, acetalde-
hyde. Enzymes: C230, catechol-2,3-dioxygenase; 2HMSD, 2-hy-
droxymuconic semialdehyde dehydrogenase; 2HMSH, 2-hydroxy-
muconic semialdehyde hydrolase; 40I, 4-oxalocrotonate isom-
erase; 40D, 4-oxalocrotonate decarboxylase; OEH, 2-oxopent-4-
enoate hydratase; HOA, 4-hydroxy-2-oxovalerate aldolase; ADA,
acetaldehyde dehydrogenase (acylating).

ingdll o, 3%L pHY2EE reverse primer® sequencing
3kt =8k SK(+) vecter7} phagemido] =& helper phage
ol KO7& o]4-3}e] single strand DNAE FZ3}o] 3o
2 A}, sequencing3}sict.

Catechol 2,3-dioxygenase §A

8} A Al (Ampicillin, 100 pg/mly7t S0 gl 1A )R]l
& Eusie] Y $2 wFelsleh. A4E colony 9]
o] 100 mM catechol- 8 AEFro 2 =34 3}§HE(2-hy-
droxymuconic semialdehyde)?] A4 w2 & ZA3lgich.
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Table 1. Bacterial strains and plasmids used in this study

Strains of plasmids Descriptions Sources
Strains
Pseudomonas sp. Grows with phenanthrene, 4
DJ77 4-chlorobiphenyl and benzoate
E. coli XLL1-Blue supE44hsdR17recAlendAlgyrA
46thirelAllac Mlac proAB)
FlproAB lacllacZAM15Tn10{tef)]
Plasmids
pBluescript SK(+) Ap’ cloning and Stratagene
sequencing vector
pHENX7 6.8 kb Xhol fragment from 5
DJ77 inserted into SK(+)
pSH15 1.5 kb Sall-HindIll fragment 5
of pHENX?7 in SK(+)
pPE17 1.7 kb Pstl-EcoRI fragment 5
of pHENX?7 in SK(+)
pE3 1.2 kb Pstl-EcoRI fragment This work
of pPE17 in SK(+)
pPH22 2.2 kb Pstl-HindIll fragment This work
of pHENX?7 in SK(+)
pPH12 1.2 kb Pstl-HindIll fragment This work

of pPH22 in KS(+)

E< Il = Un b,

phnF SEXQ| HI7|IMY

pSE175% phnF2| 5% X915 F33lx 9low <F 200
bps Wl&]] Z7|o|ck. o]Zl& & Wl ¥& & e W&
o} <F 300 bps7tA| o]t ofZ strandE sequencingdled w]it
Fozx v AL w9}t pHY2E: phnF §-3212] 3
Z3} phnG AL 5Zg Fstw 9o, oF 500 bps
Wele] z7]elct.

Fig. 20|14 Bi= X FAAF phnFe WA ZE(ATG)H
FHAFE(TGA)S 712l 432 bps & ©]Fo{7l open reading
frame(ORF)o|t}. Ribosome binding site & AJ2te]= od 7] 4l
(5-GGTGA-3)}& o] ORF2] 7NA| ZE© 2 HE] 10 bpsgtoll
ZA5}c}. o] ORFO| G+C Feke 67.1%2, A}t phnD
(60.5%, submitted)?} phnE(57.4%, 6)H.r} =3t} o] ORF
AN FFgh ofrlmAke 143700]0 o]Fo] <t 3lslw 9}
= oohe] Bxpeke 13,859 dalton o2 AN (5)ellA] dF
gk wls} o), PhnFE zt+= A4Z3 plasmid pHENX7o]v}
pPE17 Sojl4] uh5oix|i= SDS-PAGE ZAzbe} 7e] olx|s}
Ak

phnF RREXIS} CHIFO| ASYH BN

phnF §37he] 7] edzt AEH] Gk THE FFES
blastng Bspo] ZAbstel ¥ A3} ulaa rld@s] AE
o] 2 FF21= Sphingomonas sp. strain HV3 catE §
ZZHGenBank accession number L10655)2] 3}53%-9](10)2}
S. yanoikuyae B12] xylE2} xylG *}olel] Zzl3= ORF #
(122 27 99%, 68.6%2] HEHS 74T Alsieh. Sol
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5’ CGCTTCATGACGGTGAACACCTGATCATGGACGGEGTGETTTCEGTCCGGACAGTAGGCC
phnF M D G V V S V R T V 6 H
ACGAATTGGCGCTCAAGGCAGCGGCTGCCGCCGTTGCCATGGGTGCGBCEGECEGECTETC
E L AL K A A A A AV A MG A A A G C P
CGGTCGTTGCCGCGGTGGTCGGCGCGGGEGGGAGACCTGGTCGCGTTCGTECGCGCCAGCE
vV VA AV V 6 A G 6 DL V A F V R A S G
GCTCCCCTTCGCCGTCTGCAAAGATCGCGCAGGACAAGGCTTACAGCGCCBCCABCTTCC
S P S P S A K I A Q@ D K A Y S A A S F R
GCGTCCCGACGCCGGATCTCTATGCGATGGTTTCGGGCAATCCGGCCTTGCGCGACGBGA
v p T P DL Y A MV S 6 NP AL IRUDG I
TCGTCGCGCAGCCGGGAATAGCGATGTTCGGCGGCGGCCTACCGATCGAAATTGCCGGTG
V A Q P 6 I A M F 6 6 6 L P I E I A G E
AATTCGTCGGTGCGATTGETATTTCCGGCGGGAGCGAAGCGATGGACGTCGAGTACGCCA
F v 6 A1 6 I 8 6 6 S E A M D V E Y A N
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Fig. 2. Nucleotide sequence of the phnF of Pseudomonas sp. strain DJ77(GenBank accession number U87631). A putative ribosome

binding site is underlined. The amino acid sequence deduced from the nucleotide sequence is also shown.

phnF AT GG ACEEEETEE T TTCEETCCEGACAGT AGGCCACGARTTCGCECTCAAGGCAGCGECT
catX ATGGACGEEETECTTTCEETCOECACAGTAGSCCACGAATTGGCECTCAAGGCAGGECT
phnF cuscliscyicervicegicesdeceacctuiciiuseiucycaezecgicesccece
catX GOCGCCETTECC AT GBS TG C0CEEE O TECEET O TTEECEEGETETCECGC
phnF BB A A e T BT CeCE T e T GG LA B ECTCCCCTTCEOCGTCTGCARMGATC
catX GGGGEAGACCTEET G ETTOSTEO6CECCAGCEECTOCOCTTOGCCETCTECARAGATC
phnF GGG ACAAGEC T T ACAG G CaCCAGCTTCCGCGTCCCGACGCCGGRTCTCTATGCG
catX GCGCAGGACAAGECTTACAGCELCBCCAGETTCCECETECCEAGOOGEATCTCTATEES
phnF ATGGT T CGGGC AR T CCEaCC T OGCGACGEEATCETCOOGCAGCCOGEAATAGCGATG
catX ATGGTTTCE66CAATCEGGCETTOE - ACCEGATCETCECCAGECOGEAATAGCEATE
phnF GG CGE GG C T A G AT G A AT TG COGE TG AATTCTCERTGCGATTGETATTTCE
catX TTCGECGECEECCTACCEATCEAAATTGCOGCTGAATTCETCEETGCATTGETATTICE
phnF GGG GATGEACGTC GAGTACGCCAACGUCGOCCTCGCTGCG TCGOCGCA
catX GGCOGGAGCGARGCEATCGACGTCAGT

phnF AGGCAATICTGA
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Fig. 3. Comparison of nucleotide sequence of the phnF gene from Pseudomonas sp. strain DJ77 with that of the catX from Pseu-
domonas sp. strain HV3(GenBank accession number 1.10655). Identical necleotides between the sequences are indicated by colons.

&t & Sphingomonas sp. strain HV3 catE 32} 9|2 accession number U09771)¢} 62.8%2] AFE-A)& whAslic}
A phaF 5329} 709 AAR 371 RES Astd 100%  (Fig 4). orfY: glycerol &80l Fojsl= FHAE Fof 1,
9] A+ Aol glgith(Fig. 3). BlastpE Z3lod 2A-S ufol 3-propanediol dehydrogenase -f+%12} dhaT2} glycerol dehy-
= Citrobacter freundii DSM300402] orfY %-2](GenBank dratase -3 2} dhaB A}eloll Y28} 9J+= ORFZ XA o}
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Pr#-I77 DGVVSVRTVGHELHLEAKAAAV MGAAAGCPVVAAVVIGAGGIDLVAFVIRIA
Qrfy- NKSQQIAT|ITLAAAKKMAQAVEAKALEINVIPVVIFSIVVDHGGINTLLMQRM 2
a7 S6SPSPSlak[Taapkav|sfalasFRve[TPDLYAMv]seNPALRD-cIVAfQPE[Ia @
Qft-XM DDAFVTSICD|ISLNKAYTACCLRRQGTHEITDAVIQPGASLIYGLQLTNQQR[IV 10

—

BrF-IJ77 MFGGGLPIEIAGIEFV[GA
QftIM IFGGGLPVILNGKVIGA

G|I|SGG|SEAMDVEYANAGLAAIGARQF 143
GIVISGGITVEQDRLLAETALDCFSEL-- 142

Fig. 4. Amino acid sequence alignments of homologous region of the PhnF and OrfY of Citrobacter freundii DSM30040 (GenBank ac-

<3

cession number U09771).

wale] A8l 715e oby wwE R SFkHQ).

Etslea Fol 2 FEAREIC] dln

&3kra Falell Bk Qs FAHAES Y plasmid
1} chromosome Ael|2] &} Z& -1 o]AFe] F& o]
Z7)38}a 9lc}. Naphthalene #8)#%132}2] 7% naphthal-
eneo] salicylate 2 Ea5 =] Fojsle A AFHARE]
operon I(*t+ upper pathway operon)g ©|F 3. 9] e, sal-
icylate7} pyruvate 2 E-afE=d| o= EARARE0]
operon (¥ lower pathway operon)s o|F 7 A& oA
s} ZAJgHek(11). 3 o operon [o]u} operon 11 5 Sht
o fAT GAAE FalA el debd fHA7 Q)
of $1718h3t Qi A9k ShF-oloh. Fig 14 Hiz 213
2, catechol-2,3-dioxygenase(C230)¢} 2-hydroxymuconic semi-
aldehyde dehydrogenase(2HMSD), 28] 37 2-hydroxymuconic
semialdehyde hydrolase(2HMSH)+= catechol 3] 7 2ol 4
A E olxsta gl dA A7 2Hgske A4E9ld, Fig.
5o+ %)% A A= naphthalene %3 #5<) P. putida NCIB-
98163} xylene -3t P. putida TOL plasmid pWWO,
712] 51 phenol E-3#5F4] Pseudomonas sp. CF6000l 4
A zte] & C230-2HMSD-2HMSH(Z-Z} nahH-nahl-nahN,
xylE-xylG-xylF, 1231 dmpB-dmpC-dnpD)Z. %5 712 ofA}
& Rolx glrk(,3). &3] o|#l okAFS of| lower path-
way operon =¢||4] branch enzyme &, 2HMSDE- 7}2] 31 4-
oxalocrotonate & WHE 4= olE HlT ST B £ qls ¥
olc}.

HE SN 93l A phnF FAARe] ARl
2HMSHE 3313t 5 Ql+ phnD 312} catechol-2,3-
dioxygenase] B4 & e phnk 447} 91215k 9
o], 2HMSDE AAteh= X 2F phnGsz phnF 3712
shrbapel 2Aska Aok o] %A ¥ ) DITIlA Al
z}e] =4 (2HMSH-C230-2HMSD):= 2| A 7}x] d5-2]
A9} chEnl, o) AL BEper LTS A3bel Wt
o o8k o)z Azt 4+ slrk 1elh SHA phaFrt C
230} 2HMSDE] Aolefl $1713k Aol Solshch. 7|&A
o5 Wstaadzd B SR Gl A0
Sol 27} ugdize] /15 +asha ol Ao vl %ol
2 u} Pseudomonas sp. strain DI772] wal4=283) §-dA}
el 719 = K2} pF o] FAAREY o} e FA A}
E*1¥] phenanthrene E3oll 5% 7|58 Fd& 7oz A

phn-DJT7
nah-NAH7

xyl-pWWO

dmp-CF600

Fig. 5. Organization of phn operon in Pseudomonas sp. strain
DJ77 and comparison with nah operon in Pseudomonas putida
NCIB9816, xy/ operon in P. putida TOL plasmid pWWO0, and
dmp operon in Pseudomonas sp. CF600. Enzymes: N, Catechol
2,3-dioxygenase; B8, 2-Hydroxymuconic semialdehyde hydrolase;
M. 2-Hydroxymuconic semialdehyde dehydrogenase.

2},

phnF REXL| JIs

FA2L phnF= vlwA 2+ ORFe|1L Fig. S| 3 2-
hydroxymu- conic semialdehyde dehydrogenaseg 71731 2 # &
o] 47t €230, 2HMSD, 2HMSH 5 4| 7} f-3izke] 4417}
fAlE= Aeg Hol 7)%0] dle AR 2 AR 7]
o] AlekAl pseudogened 2 ik zeivl KR (5)el4]
phnF §-3 2= o] ORFe|| #i%3k polypeptide S 34 &=
ZAeg a3t tgo] phnF FAA7L fAAEel vl
o] #asl= ORFehy o] ¥-flof AHeAd S Ze ofd ¢
7t 8 AldEell Al HAERA| & 7hsAdel Eoh et
phnF 35~ Sphingomonas sp. strain HV3 catE §-712}12]
(102 A7IME S vkl s 7 5-(Fig 3)
T 79 Av|E AlLstare 100% EUsic) webA od %
74A ol frellAl AL phnF7L oW 7158 MR A
£ 5 ek

phnF 53248 7158 ool 7] fls)x |-z} phnF e}
phnEE = o} 71X 1 Qle S8 pPH229} phnE {3 2[wHE
7}A]1 2 9)+= pPE17¢l catechol-g #3738t »ghdll 3}3HE-&
sk e wlamsklch o A pPH22S) A% ca-
techol H-al|okile] phnE §A 213k )= pPE17ol] B3] -2
4 sge AYEEsl 22 e FAYL). ols) R
Atz 2w F-HA} phaFe] <A (PhnF)2- catechol -3
of #eislA] &7t FEHH, &g 2872 ol sEbv]
Azted " Adye 2led Fojct.
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ABSTRACT : Structure and Function of the phnF Gene of Pseudomonas sp. Strain DJ77

Seong-Hoon Lee, Sungje Kim, Myung-Soo Shin, Chi-Kyung Kim, Jai-Yun Lim, Ki-Sung Lee',
Kyung-Hee Min’ and Young-Chang Kim*(School of Life Sciences, Chungbuk National Univ-
ersity, Cheongju 361-763, Korea; 'Department of Biology, Pai-Chai University, Taejon 302-735,
Korea; “Department of Biology, Sookmyung Womens University, Seoul 140-742, Korea)

The 6.8 kb Xhol fragment of chromosomal DNA of Pseudomonas sp. DI77 contains the phnDEFG genes in-
volved in the degradation of polyaromatic hydrocarbons and chlorinated aromatics. Here, we report the nucleotide
sequence of the ORF encoding a polypeptide consisted of 143 amino acids with a Mr of 13,859. The nucleotide
sequence of the ORF is 99% and 68.6% identical to the downstream region of catE of Sphingomonas sp. strain
HV3 and the ORF between xylE and xyIG of Sphingomonas yanoikuyae B1, respectively. The deduced amino
acid sequence of the PhnF has 62.3% identity with the amino acid encoded by orfY region of Citrobacter freun-
dii DSM30040. We now confirm that the ORF is located between the catechol 2,3-dioxygenase (C230), phnE,
and 2-hydroxymuconic semialdehyde dehydrogenase (2HMSD), phnG.



