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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 DI77 ~ Phn* Bph* )
E. coli XL1-Blue supFA4 hsdR17 recAl endA1gyrA46 thirelA1 lac” FTproAB™ lacl? lacZM15 Tn10(tef)] ~ Stratagene Co.
plasmids
pBluescript II SK(+) Ap' Stratagene Co.
pUPX5 5 kb Xho 1 fragment of DJ77 inserted into SK(+) -
pUPX5002 0.9 kb Hind 111 - Sa/ I fragment of pUPXS in SK(+) This work
pUPX5003 0.3 kb EcoR 1 -Hind I fragment of pUPXS in SK(+) This work
pUPX5004 1.2 kb Pst 1 - Sal 1 fragment of pUPXS5 in SK(+) This work
pUPX5006 0.6 kb Hind 11 -Cla 1 fragment of pUPXS in SK(+) This work
pUPX5010 1.8 kb Xho 1 -Pst1 fragment of pUPX5 in SK(+) This work
CGTCCAGAACGCCATCGTCGGCGAGGCAAGCGCGACGTCCTACATCGCGATGGGTGGCGG 60
ph n @ @@ TCGAGCCGAGGATGCCGACCATCTCGTCACCGAGGGCGCGATCATCGGGTTCTGGGACAA - 120
[ 11 T T TTATCGCAAAATGGTCGGCTTTGAGGTGGAACCGGCATGACCCGCACGATCGACTTCTAC 180
X PE H cs X MTRTTIDTFY
1 kb
TTCGATTTCATCAGCCCGTTCAGCTACCTTGCCCAGCTCAAGCTGCOGGGGATCGOGCGG 240
pUPX5 ' J FDFISPFSVYLAQLTEKLPGTIATR
| —
pUPX5002 GCAGCGGGAAGCACGGTGGAATACTGGCCGATTGACATTCCTGAAGCCAAAATTGOCGCC 300
pUPX5003 u AAGSTVEYWPTIDTIPEAKTIAA
| GGCAACTATGGCCCGTCCAATCGCGAAGTCTI‘GCCCAAGATCAAGGTCA’IGAAGGCAGAC 360
pUPX5OO4 GNYGPSNRE L PKIKVMEKAD
pUPX5006 —

pUPX5010 L__J

Fig. 2. Physical map of recombinant plasmid pUPXS5 and pUPX5002
and its derivatives. Abbreviations : X, Xho I; P, Pst I; E, EcoR I; H,
Hind11I; C, Cla1; S, Sal 1.

Applied Biosystems automated DNA sequencer (Model 370,
Applied Biosystems, Foster City, USA)E A8-5lo 47|MAS
AR5t F7IML ZA 0| A3t B9 FE5> Table 12 3F
I, plasmid DNAE AtmanBio Plasmid Miniprep Kit (Takara,
Korea)& AH-8t] &3t9ch 27IME D °}Uli*M1°’i
BLASTN, BLASTP, TBLASTN program (2)& 0|&-3le] 24§
AL, vhe MY AEH AlSEH B4 CLUSTALX (18) o|
45t EM5I%T
A7 o 13
2-hydroxychromene-2-carboxylate isomerase XX} phnse|

314

CTTGAGCGCTGGGCCGAACGTTATGGGGTGCCCCTCACCTTCCCGGCGAGCTTCGCTTGC 420
LERWAERYGVPLTFPASFAC

GCAGA(,TGGAA’ITGCGCG(:"IGCIG’I'ICGCCCGCGAGCACGGTAAGGCOGAGGCATITGTG 480
¥ CAVLFAREHGEKAEATF

AOCGA’PGOCTACCGC(XEGA’I‘CIGGGGCCAGGGGATCGATCOGGGCGAC(X}CAACGAGC'I‘G 540
R ¥WG6QG6ID G D E

GCCGCATGCGCCAAAGCAGCGGGTCTCGACGCTGAGGCGCTGATTGCCTTCGTTGAATCG 600
AACAKAAGLDAEALTIAFVES

CCGACTGGCCAGAAOGAATATCGCAAGGCCOGGA(:CCAGGCGA’ICCAGCGCGGCGTGTAC 660
PTGQNEVYRIEKARSQATIN®Q G Y

GGTGCGCCGCTGATGTTCGTTGACGACCAGTTTTTCTGGGGGAAGGACCGATTGGATTTT 720
GAPLMFVYDDOQFFVW¥GKDRLTIDF

C '[TGCC(éAG'&A’['LII'I‘GQACQAG’gCAAAATAAAAAITCGA’ITACACAAGGGGGGATGCATGA 780

AAAGGTAIGAITGC[‘I’I'H“IGTCGECITGTTGGGAGTGACCGCGTNGACGCCGCAGATGG 840
CCTTAGCACAAGACTTCACAAGCGAAACGGACGAATCCCAGCCTGCCAGCACGGGCTAG 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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18] 71X] SISIEEES AZ5IY (Fig. 2). S. chungbukensis D77
S| phn operon M| F3}=]o] 9)= 2-hydroxychromene-2-carboxylate
(HCCA) isomeraseE S 5t6h= phnS= phenanthrene, napthalene 5
hazg] Wk ehsheao| 240l BR0] 3)om, ferredoxing: ®f
8l= phnR (1)2 2-3-dihydroxybiphenyl 1,2-dioxygenaseE 2+ & 5}
phnQ2} ZE-E operonRtOll SHFEEREC 2 912813 3l

ir ok of
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phnS RS 713

ol 232 5 pUPXSE O[8-8ted A=kl SIEES 01-8-5led
phnS REXZL $1A813 ole MES AAsteh. KX phnse=
NAZESR ATGE AHESIL FZFTE TAAS 7H 591 bp=
0[F°13] open reading frame (ORF)0|c}. 2]2F ZA3E9|=2 Az}
HE 7MY (5-GGAA3)= 0| ORFQ| A ZEC 2 2E 4 bp

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

Percent similarity

Precent divergence
2 3 4 5 6 7 8 9 10 11

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-AFK2
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-OUSS2
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 NAhD-AN10

1, From Sphingomonas chungbukensis DJ77; 2, Novosphingobium aromaticivorans ¥199 (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 AF404408]); 7, Pseudomonas putida PpG7 (6); 8, Pseudomonas putida OUSS2 (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 =xf3re}t (Fig. 3). O] ORFE| G+C 332 60.3%= |27}
2| S. chungbukensis DIT7THIM ¥15]3 catechol 2,3-dioxygenase 7
X}t phnE (58%), 2-hydroxymuconic semialdehyde hydrolase 7%
Xt phnD (61%), L] 3L 2,3-dihydroxybiphenyl 1,2-dioxygenase
HXt phnQ (61%)} VIS8l TL (10). O] ORFUIM R o]
AR 197700[9 0150 ¥&ststar gle thdel BAkE 27.7
kDaO|) .

phnSe| &84 ¥e} 7|%

phnSe| FIIMYBUM FA= o)At MAE BLASTPE &5t
o B3 A3 2 o TN R 2-hydroxychromene-2-
carboxylate isomerase2} &SMO0| Ql= ALz EMEgd 050
M 71 =& MEM0| = AL Novosphingobium aroma-
ticivorans F199 plasmid pLN12| 2-hydroxychromene-2-carboxylate
isomerase (14, [GenBank accession number NP049214]))24] o}u|=
A M-S BlTEE S wl 87%2 78 =dh 18] Pseudo-
monas putida RE2042| nahB (7)$} Burkholderia sp. PS12 tecB (3)
= 44%2| #84E Ehlsieh 1 30l o32] 2-hydroxychromene-
2-carboxylate isomerase@| o}w]i=At A@alo| BT ZAIH= Table 2
2} 2}, 2-hydroxychromene-2-carboxylate iso-merase & A5-9] T©f
Wl M-S CLUSTALXE §dle vhs M AE& g 2t of
ulxAl S 60IM 1870A12] d90| 2 EE= o] 9lsich. ofn =
A Medo| MBME 50%E 7|5F22 dlod 2-hydroxychromene-2-
carboxylate isomeraseS 37l FFE VA phnSE Al HA 250
Z5PAM 2 SO|M Sphingomoans sp. F199¢} 20| EFE& &
5 e (Fig. 4).
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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)

1,2,%

Sphingomonas chungbukensis DJ77 is able to metabolize phenanthrene as the sole carbon and energy source.
The plasmid pUPXS includes pinS 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 p/inS 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 phnR, encoding a 2,3-dihy-
droxybiphenyl 1,2-dioxygenase and a ferredoxin component of biphenyl dioxygenase, respectively.
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