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Table 1. The list of the strains and plasmids used in this study

Strain or plasmid Description Reference

Bacterial strains

Pseudomonas sp. Growth with phenanthrene, 16
D177 4-chlorobiphenyl, and benzoate

E. coli XL1-Blue supE44 hsdR17 recAl endAl 23

gyrAd6 thi relAllac-proAB)
F'lproAB* lacl* lacZAM15

Tnl0 (ref)]
supE thi\(lac-proAB) 23
FlraD36 proAB* lacl’ lacZAM15]

E. coli JIM101

Plasmids

pBluescript SK(+) Ap’, mutiple cloning site
in lacZo

pHENX7 6.8 kb Xhol fragment from 16
DJ77 inserted into SK(+)

pXH39 3.9 kb HindIll fragment of 16
pHENX7 in SK(+)

pXP16 1.65 kb XhoI-Pstl fragment of This work
pHENX7 in SK(+)

pSP13 Deleted 0.3 kb Sa/l fragment This work
of pXP16 in SK(+)

pCN682 0.6 kb Clal-Narl fragment of This work
pXP16 in SK(+)

pNN653 0.6 kb Narl-Narl gragment of This work

pXP16 in SK(+)

agars 1.5% A7psled A z=3hedct.

DNA & 3 HIstEA X2

Plasmid DNA2] 3Z-& Sambrook®] WH (238 AL}l
2l DNA sequencingS 3}7] 28t plasmid DNA #&2
QIAGEN plasmid kit(Qiagen Inc.)& A}3)gdv}, 23 =&k
&9} T4 DNA ligasex= Boehringer MannheimA}$} Prome-
gartZ e lsle] AME-slgd o), vhg 2L A= 34}
2] x{ulof| ujatc},

DNA H7IMY A

Sequenase vesion 2.0 kit(USB Co.}& A}8-3le] dideoxy-
mediated chain termination ¥ (24)°.2 DNA 7)<
AA3odct. ~ 40 universal primer$} reverse primeri= USB
ALZ 56, [o-"S]dATP:= New England NuclearA} 2 H-E]
Akl 714 Yd A& DNAS| k& strandsE 23] o)A}
2 Aspet,

B4 @M &Y

A0 BAEAHS 93 Fa —e- 10° cells/ml7}x] wioksh
AEE 4°CollA FAE2I(10,000% g, 5HE)3ke] 353 & 50
mM Na,HPO,-KH,PO, 9}%«&%"(;)}1 70002 23] A& )
&, AEEa] 30% 7+ oz 153] £9)} 103 o)A} soni-
cations}l AlEefste] 12 A AFl s AMgslsict
3k 40 pg/ml2] IPTG(isopropylthio-B-D-galactoside)}S- A}-&
sfo] &4 whailzlo] ojabgAabe fesledc) oAl o] e
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Fig. 1. Restriction map of pXP16. The DNA fragment subclon-
ed from pHENX7 is presented on a black box. Arrowheads in-
dicate the direction of transcription.
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CCC AAA AGG AGA CTA TCT ATG AAG CTG TTC ATT AGC CCT GGT GCC TGC TCG CTC GCA CCG 60 “
K L F I 5 P 6 A C s L A P 14
CAT ATT GCC CTG CGC GAA ACC GGT GCG GCG TIC GAT GCG GTG AAG GTC GAT CIG GCG ACC 120
H 1 A L R E T G A A F D A V K V D L A T 34
CGC AAG GTA GAG ACC GGA GAC GAT TTC CTG ACG GTC AAT CCG TCA GGC AAA GTT CCT GOG 180
R K v ET 6 DD F L T V NP S G K V P A 54
CTG ACC CTC GAC AGT GGC GAA ACC CTG ACT GAA AAT CCT GCG ATC CTG CTIC TAC ATC GCC 240
L T L DS G ETULTENUPMA I L L Y I & 74
GAT CAG AAG CCA GAC GCG GCC CTG GCG CCT CGT GAT GGC ACG TTG GAG CGT TAC CGC CTG 300
b & K P D A AL A PRDGTLTETZ R YR RL 94
ATC AGC CGA CTG AGT TTT CTG GGG TCG GAA TIC CAC AAG GCG TTC GTA OCG CTT TTC ACA 360
1 s R L 8 F L 6 S E F H K A F ¥V P L F T 114
CCC GGC AGC AGC GAC GAA GCA AAG CTC GCG GCC TCG ACC GCC GTC AAG AAT CAT CTG GGT 420
P G S S D E A K L A A 5 T A V K N H L G 134
GCG CTG GAC AAG GAA CTT TTG GAC AAG GAA CAC TAT GCC GGT TCT GAA TTC AGC GTC GCC 480
AL DK E L L D K EH Y A 6 S E F s V A 154
GAC ATC TAT CTG TTC GTG ATG CTG GGC TGG CCG GCC CAT GTC GGG ATC GAC ATG AGC GCC 540
b 1 Yy L F vM L G W P A H V G I D M S A 174
TAT OCC AAC CTT GGT GCT TAT TGC GGC CGG ATC GCG CAG CGC CCG TCG GTT GGC GCA GCA 600
Y P N L 6 A Y C G R AAQ R P 8§ V G A A 194
CTC AAG GCC GAA GGG CTC GTC TGA TCG G6¢ (TSNS o0
L K A E G L V = 201
SN TCT TTA TTT GCC AAT GCG T 685

Fig. 2. Nucleotide sequence of the phnC gene. A putative ribosome binding site is underlined and a terminator sequence is represented
by dark square. The amino acid sequence deduced from the nucleotide sequence is also presented.
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cystis sp. PCCO803(33%)2] GSTel| theh AsAl-e nlad
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phnC
PHENX7 [ T B I B R e B |
XS EE P ES P E H H B X
X H
pXH39 L PR I
X P
pXP16 — -
S P
PSP13 -
. ] Specific activity (U/mg)
. Size of cloned
Strains of GST
fragment (kb) —
induced noninduced
Pseudomonas sp. DJT7 0.059
E. coli strain
XL1-Blue(pHENX?7) 6.8 0.268 0.020
XL1-Blue(pXH39) 39 2.387 0.008
XL1-Blue(pXP16) 1.6 1.099 0.604
XL1-Blue(pSP13) 1.3 2.688 0.505

*one unit of enzyme activity was defined as the amount produc-
ing 1 umol of conjugate of glutathione with CDNB per min at
25°C.

Fig. 3. Specific enzyme activity of PhnC and genetic map of re-
combinant plasmid pHENX7 and its derivatives(pXH39, pXP16,
pSP13). The direction of transcription of the lac promoter is in-
dicated as arrow heads. Abbreviations: E, EcoRI; H, HindIIl; P,
Pstl; S, Sall; B, Belll, X, Xhol.
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Fig. 4. Dendrogram showing the levels of homology between
the amino acid sequences of different glutathione S-transferase.
The sequences were obtained from the Swissprot and Genbank
databases. Amino acid sequences are glutathione S-transferases
from Pseudomonas sp. DJ77 (this work), P. pseudoalcaligenes
KF707 (Genbank accession number D858353), B. cepacia LB400
{Genbank accession number X76500), C. oligotrophus RBI1
{Genbank accession mumber U51165), E. coli (Swiss-prot ac-
cession numbes P39100), P. mirabilis (Swiss-prot accession
number P15214), H. influenzae (Swiss-prot accession number P
45207), Synechocystis sp. PCC6803 (Genbank accession number
D64001), R legominosarum (Genbank accession number X
89816), Plant (A. thaliana, Swiss-prot accession number P42761),
Insect (L. cuprina, Genbank accession number P42860), Parasite
(S. japonica, Swiss-prot accession number P08515), Squid sigma
class (Squid digestive gland, PDB acession number 1065021),
class human hGSTTI (Swiss-prot accession number P30711), o
class human hGSTAI (Swiss-prot accession number P08263), 1t
class human hGSTP1 (Swiss-prot accession number P09211),
and U class human hGSTM2 (Swiss-prot accession number P
(09488).
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RB19] xyIK)7} phnC2} 7o) vFEEE B}slars Ba) o)
el EARICK27, 28,300 ARAS FE3 wkslcl Fig. 5ol
viebt wiel o] C. oligotrophus RB12] xylK+-
membrane protein - ZHxviM)2} 2-hydroxy-S-methy-6-0x0-
hexa-2,4-dienoate dehydrogenase -3 AFviG) Ale)ol] £] =)&)}
] B. cepacia 1.B4002} P. pseudoalcaligenes KF7072] GST

integral
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C. oligotrophus RB1
P. pseudoalcaligenes KF707

B. cepacia LB400

Pseudomonas sp. DJT7

Fig. 5. Comparison of location of GST encoding gene in Pseu-
domonas sp. DI77 and other bacterial strains. Arrows indicate
the direction of transcription. Homologous genes are represented
by arrows of the same type. The genes of the glutathione S-
transferase (xy/K, bphX0, bphK, and phnC) are in black, that of
hydrolase (phnD) is waved, and those of dioxygenase (bphC and
phnE) are dotted. The homologous hydratase gene bphX1, bphH
are in gray and dehydrogenase genc xvIG, bphX2, and bphl are
hatched. The information was compiled from references 15, 25,
26, 28.

T AH(bphK, bphX0»= biphenyl-2,3-diol-1,2 dioxygenase &
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droxymuconic semialdehyde hydrolase)®} phnE(extradiol dioxy-
genase) oF §-R-oll Ea31= Pseudomonas sp. DIT72] phnC
Slsh FEACE g FATE AoZ PhnC KA} W)
% whal sl el wi bl Bl U A

3z Ao}
ALl o

o ol EstEtanke] 2o ofs) el ond(94-

0401-11), ool ZHAb=ac}.
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ABSTRACT:

Nucleotide Sequence and Homology Analysis of phnC Gene Encoding Glutathione S-
transferase from Pseudomonas sp. DJ77

Hee-Jong Woo, Myung-Soo Shin, Sungje Kim, Yong-Je Chung, An-Sik Chung', Kwang-
Kyun Park’ and Young-Chang Kim* (School of Life Sciences, Chungbuk National Univ-
ersity, Cheongju 361-763, 'Department of Biological Science, Korea Advanced Institude of Sci-
ence and Technology, Taejon 305-701, *Department of Oralbiology, Yonsei University, 120-749)

The nucleotide sequence of the structural gene (phnC) encoding a glutathione S-transferase (phnC) was det-
crmined. An open reading frame of 603 base pairs, a Shine-Dalgarno sequence upstream from an initiation codon
and a transcriptional terminator sequence downstream from a stop codon were found. The open reading frame en-
coded 201 amino acids and calculated molecular weight of the encoded protein was 21,416 Da, which was com-
patible with the relative molecular mass by SDS-PAGE. The deduced amino acid sequence of the PhnC protein
showed 53.7% and 49% identity with GSTs of Burkholderia cepacia LB400 and Cycloclasticus oligotrophus RBI
respectively. PhnC is evolutionarily related with the theta class cytosolic GST's based upon catalytic invariant resi-
dues and homology in the primary structure. Although the homologics of the PhnC with alpha, mu, pi, sigma
class GSTs were lower than with theta class GSTs, many of the residues assigned to be important for the ca-
talytic mechanism or the structure in cytosolic GSTs were found to be conserved in the PhnC enzyme. In ad-
dition, homology GST gene location among P. pseudomonas sp. DI77. B. cepacia LB400, P. peudoalcaligenes
KF707 and C. oligotrophus RB1 suggests that the PhnC GST might be involved in degradation of aromatic hy-

drocarbons.



