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Sphingomonas chungbukensis DJ77-2 phenanthrene2 99 w1493} duvA Qo8 o] &3l Aol 4 gl
pUPX5% phenanthrenesd} naphthalene -2-3] - $] 8] ¥ .8.8)} 2-hydroxychromene-2-carboxylate (HCCA) isomerase S
2351 phnS FAAE X§HE £ =EelME phns AR T34 3271 bpe] 97) A L& AAFHH.
o] FAAE ATGE A ZELZ AFE30, TAAS £ I EL 2 AT Uk B8 A ZEL) 5bp FEL
2 GGAA#E= ribosomal binding siteE- 2=t} phnSt % 594 bp2) open reading frame2- ¥ §3}1], 1587 ] o} =]
xAbe 2 TS phnSE T3 ofw] At X D2 S aromaticivorans F1999] A+ M A 3} 87%9] #4142
vehd}l. phnS A A= biphenyl dioxygenaseE T-4J 3} 2,3-dihydroxybipheny! 1,2-dioxygenaseZ 4t.3.8}3)=
phnQ$} ferredoxinZ- ¢ 2.3} 31 phnR3} 72 operons o] 1, o] 5 A A2] downstreamel] ]33} g},
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Sphingomonas chungbukensis DI77-2 phenanthrene, naphthalene,
m-xylene, anthracene, salicylate, toluene 5 93 Wk gl
FAE Y JUAoE ARSI BaleS 7T itk A7
A, S gslrie] Ao BHET FHAE S chung-
bukensis DITTZ 5-E] cloningdt3 3 1 FHAE9 A7INES
AAR3EH1L, 8, 1, 10).

S. chungbukensis DI770] Thi2] WhakE EF3}=201 biphenyl,
phenanthrene, naphthalene 5-& TYU gAgudoz ALgslr] 9
3l A1= WA biphenyl, phenanthrene, naphthalene®] 1.&]°ll OH71&
Hazh= dioxygenase 7 B.28HH, cis-dihydrodiol dehydrogenase
& 4353l= phnO ansk 2,3-dihydroxybiphenyl 1,2—di0xygenase—§-
4533 pmQ ®)9 FHE0ZE AAF 2-hydroxychromene-2-
carboxylateS 2-hydroxychromene-2-carboxylate isomerase®} 2H&2.
= trans-o-hydroxylbenzylidenepyruvate® HEo] 118]E 73] 7
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Fig. 1. The proposed degradation pathway of 2-hydroxychromene-2-carboxylate in DJ77.

Table 1. Bacterial strains and plasmids

Bacterial strains Relevant characteristics References
Sphingomonas chungbukensis DJ77 ~ Phn* Bph* )
E. coli X1.1-Blue supEA4 hsdR17 recAl endA1gyrA46 thirelAl lac” F'[proAB* lacF lacZM15 Th10(ter)]  Stratagene Co.
g
plasmids
pBluescript IT SK(+) Ap' Stratagene Co.
pUPXS 5 kb Xho I fragment of DJ77 inserted into SK(+) -
pUPXS002 0.9 kb Hind I - Sal I fragment of pUPXS in SK(+) This work
pUPX5003 0.3 kb EcoR I -Hind III fragment of pUPXS in SK(+) This work
pUPXS5004 1.2 kb Pst I - Sal I fragment of pUPXS5 in SK(+) This work
pUPX5006 0.6 kb Hind 11 -Cla 1 fragment of pUPX35 in SK(+) This work
pUPXS5010 1.8 kb Xho I -Pst 1 fragment of pUPXS5 in SK(+) This work
CGTCCAGAACGCCATCGTCGECGAGGCAAGOGCGACGTCCTACATCGOGATGOGTGRCGG 60
phn @ @@ TOGAGCOGAGGATGOCGACCATCTCGTCACCGAGGGCGCGATCATCGGGTTCTGRGACAA 120
T T WAWWAWMGW%C%%W?I%AWAC 180
X PEHM Ccs X 1 kb ’
TYCGATYPCATCAGCCLGTYCAGCTACCYYGCCCAGC[CAAGCIGCCX}GGG‘TCGCGCGG 240
pUPX5 L - FDFIS LAQLELPGTI AR
pUPX5002 L
GCAGCGGGAAGCACGGTGGAATACTGGCCGATTGACATTCCTGAAGCCAAMATTGECGEC 300
pUPX5003 ] AAGSTVEYWPIDIPEAKTIA ANA
pUPX5004 b GGCAACTATGGCCOGTCCAATCGOGAAGTCTTGOCCAAGATCAAGGTCATGAAGGCAGAC 360
GNYGPSNREUVLPEKTIEKY MEKAD
pUPX50086 LS

pUPX5010 L1

Fig. 2. Physical map of recombinant plasmid pUPXS and pUPX5002
and its derivatives. Abbreviations : X, Xho I; P, Pst §; E, EcoR T; H,
Hind I, C, Cla I; S, Sal L

Applied Biosystems automated DNA sequencer (Model 370,
Applied Biosystems, Foster City, USAYE A}E3lo @7|AES
2SR FV1HE ZAN ARRR AESEE LS Table 13 2
37, plasmid DNAT AtmanBio Plasmid Miniprep Kit (Takara,
Korea)E AHE-3te] FE3tth @74 E3 opm| =g
BLASTN, BLASTP, TBLASTN program (2)Z ©]&-3}ed B443]
H3L, ohE A B2 AT £42 CLUSTALX (18)F ©|
Bt A8t

4 % ud

2-hydroxychromene-2-carboxylate isomerase FXXIQ! phnsSe|
x|

C’I'IGAGC()CX‘GGGGJG TGGGGT CCTTCCOGGCGAGCTTCGCTTGC 420
L R ¥ AERY VPLTFPASFA AC

GCAGACT GGAATTGCGCGGTGCI‘G’I’ICGCCCGOGAGCACGGT AAGGOCGAGGCANTGT G 480
AD N CAVLFAR H K E

ACCGATGCCTACCGCCGGATCTGGGGCCAGGGGATCGA TCCGGG(X}ACCGCAAOGAGCTG 540
TDAYRRIVGQGIDPG R N L

GCCGCATC(X;CCAAAGCAGCGGGTCTCGACGCTGAGGCGCTGAWWGHGAAT(X} 600
A A AAGLDAEALTITAFVES

OCGACTGGCCAGAACGAATATCGCAAGGCCCGGAGCCAGGCGAICCAGCGOGG(XIIGT AC 660
P QN YRKARSQAILIQRGV

GGTGCGOOGCTGAIGTTCGHGACGACCAGTWCTGGG(:GAAGGACCGATTGGAWT 720
G A P L qQ F ¥ GKDRLD

C"ITGOCGAGTA’[T!GQACQAGTCAAAATAAAAATTCGATFACACAAGGG(K}GATGCA’K}A 780

AAGGTKTGATIGCTTTTHTETCGCCTTOTIGGGAGTGACOGCGTNGACGOCGCAGATGG 840

CCTTAGCACAAGACT TCACAAGCGAAACGGACGAATCCCAGCCTGCCAGCACGGECTAG 899
Fig. 3. Nucleotide sequence of the phnS gene encoding 2-hydroxy-
chromene-2-carboxylate isomerase from Sphingomonas chung-
bukensis DJ77 (GenBank accession number AY322481). A putative
ribosome binding site is underlined. The amino acid sequence
deduced from the nucleotide sequence are shown in 1-letter code, and
an asterisk indicates the stop codon.
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phnS FHXe| =
Al B3l ¥ pUPXSE o83l Algtd IEEE o83t
phnS S A7} A& 3 Ye LS 23T F3A phnse
WAZECE ATGE ARS8l FERE TAAE 713 591 bp=
o152}3 open reading frame (ORF)°IH. 2|RF AFF-=2 A7t
£ 971MY (5-GGAA-3)= ©] ORFE] AAZELZRE 4 bp

Table 2. Homology of the deduced amino acid sequence of pinS and the sequences of other 2-hydroxychromene-2-carboxylate isomerases

Percent similarity

Precent divergence 5 3 2 . P - 2 5 o mn
1 94 77 45 41 54 39 39 39 39 39 PhnS-DJ77
2 94 79 76 42 37 41 42 40 40 41 NahD-F199
3 77 79 76 44 36 41 42 42 42 40 NahD-P2
4 76 77 75 42 37 42 42 42 42 42 PhnD-BN6
5 41 42 44 42 41 50 49 48 48 45 PhnD-AFK?2
6 36 36 36 40 44 44 44 44 44 43 DbtD-DBT11
7 35 37 37 39 43 40 82 78 77 68 NahD-PpG7
8 39 42 42 42 49 45 94 88 87 76 PahD-OUS82
9 39 40 42 42 48 45 90 82 99 80 PahE-PaK1
10 39 40 42 42 48 45 90 87 99 81 DoxJ-C18
11 39 41 40 42 45 44 79 76 80 81 NAQD-AN10

1, From Sphingomonas chungbukensis DIT7; 2, Novosphingobium aromaticivorans F199 (14); 3, Sphingomonas sp. P2 (13); 4, Sphingomonas sp.
BNG6 (17); 5, Alcaligenes faecalis AFK2 (unpublished [GenBank accession number AB024945]); 6, Burkholderia sp. DBT1 (unpublished [Gen-
Bank accession number AF4044081); 7, Pseudomonas putida PpG7 (6); 8, Pseudomonas putida OUS82 (12); 9, Pseudomonas aeruginosa PaK1
(unpublished [GenBank accession number D84146]); 10, Pseudomonas sp. C18 (5); 11, Pseudomonas stutzeri AN10 (4).
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Fig. 4. Dendrogram showing the levels of homology between the amino acid sequences of different 2-hydroxychromene-2-carboxylate isomerase.

The dendrogram was constructed with the CLUSTALX program.
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ol A3 (Fig. 3). ©] ORFY G+C L 603%2 A7}
A| 8. chungbukensis DIT79| A 8187 catechol 2,3-dioxygenase
AR} phnE (58%), 2-hydroxymuconic semialdehyde hydrolase -7
A+ phnD (61%), 12]3L 2,3-dihydroxybiphenyl 1,2-dioxygenase
HAF phnQ (61%)S} HIs=SFATE (10). ©] ORFAA f-55 ol
22197701 ojEe] gEslElal Qe T Ae] BAlERe 277
kDa°| 3t

phnSe| 2t&4 Hjmel 7|&s

phnSS] A7V ElM FAE ob]e4t X8-S BLASTPE 3
o B3 A3 oE ojg] 754 8187 2-hydroxychromene-2-
carboxylate isomerase®} 590 AT Aoz BHECE o]Fd
A VR B8 AEAol = A Novosphingobium aroma-
ticivorans F199 plasmid pLN12] 2-hydroxychromene-2-carboxylate
isomerase (14, [GenBank accession number NPO49214)=A] o=
2 ES vnEgS b 87%E 7P Btk 183 Pseudo-
monas putida RE2042] nahB (7)$} Burkholderia sp. PS12 tecB (3)
= 44%9) AEHE UERIRIT. T ¥ol o3 2 hydroxychromene-
2-carboxylate isomerase®] ©}F|:=A4t A Ee] BN i Table 2
gl 2t} 2-hydroxychromene-2-carboxylate iso-merase EAE9] ©
W LS CLUSTALXE B3l o A€ 42S & 23 of
vt M 6ollA] 1871R19] @o] & BEF o] QT ofv]=
b AEe) FEAE 50%S 71ECE 319 2-hydroxychromene-2-
carboxylate isomeraseZ 3l /-2 LT phase Al HA] 150
E3PHA I FolAM Sphingomoans sp. F1998} o] ER/HEHS &
T A1 (Fig. 4).

oAt Mdel AFA B 23tH DI779 phenanthrene
3o #A3}= 2-hydroxychromene-2-carboxylate isomerase=
biphenyl, toluene 2]l naphthalene®] w30l Foddl= Fio}
FEROERH FEHANSS & F Utk oz o]5Y 7%
ol thgh ¥lnl A7} W]t

HAtel &

o] A7 =& AEAT (2000-015-DS0031) AA9] AT
Hlof ojaf FR= AT
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ABSTRACT : Sequence and phylogenetic analysis of the phnS gene encoding 2-hydroxychromene-2-car-
boxylate isomerase in Sphingomonas chungbukensis DJ77
Hyun-Ju Um, Min-Hee Kang, Young-Pil Kim, Seong-Jae Kim, and Young-Chang Kim'**
(*School of Life Sciences, Chungbuk National University, “Biotechnology Research Institute,
Chungbuk National University, Cheongju, 361-763)

Sphingomonas chungbukensis DI77 is able to metabolize phenanthrene as the sole carbon and energy source.
The plasmid pUPX5 includes phnS gene encoding 2-hydroxychromene-2-carboxylate (HCCA) isomerase,
which is needed for phenanthrene and naphthanene degradation. We determined the nucleotide sequence of
DNA fragment of 3271 bp which included the phnS gene. The fragment included an open reading frame of 594
bp which has ATG initiation codon and TAA termination codon and GGAA ribosomal binding site. The pre-
dicted amino acid sequence of the enzyme consists of 198 amino acids. The deduced amino acid sequence of the
phnS enzyme exhibited 94% identity with that of the corresponding enzyme in Sphingomonas aromaticivorans
F199. The phnS gene is located downstream and in the same operon as pinQ and pAnR, encoding a 2,3-dihy-
droxybiphenyl 1,2-dioxygenase and a ferredoxin component of biphenyl dioxygenase, respectively.



