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Pseudomonas sp. DJT70|A Glutathione S-transferaseZ
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Jelozl Zebaw| = pHENX7W el £25H= glutathione S-
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B AEo]| A48 #F U plasmids®] 5412 Table 13}
7+t}. Phenanthrene £-3) 0 LAbd|pol|A] #2l8F Pseu-
domonas sp. DI77(16)01w, FAAEE 93 HFFog=
E. coli IM1013} XLI-BlueE ARg-3slc}. Vector2+% pBLUES-
CRIPT SK(+) phagemid(Stratagene Co.y5 AH-3}eivt. wiz]
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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
DI77 4-chlorobiphenyl, and benzoate

E. coli XL1-Blue supE44 hsdR17 recAl endAl 23

gyrA46 thi relAllac-proAB)
F'[proAB" lacl’ lacZAM15

Tn10 (tef")]
supE thi/\(lac-proAB) 23
F[traD36 proAB’ lacl’ lacZAM15]

E. coli IM101

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 Hindlll fragment of 16
pHENX7 in SK(+)

pXP16 1.65 kb Xhol-Pstl fragment of This work
pHENXT in SK(+)

pSP13 Deleted 0.3 kb Sall 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(+)

agarZ 1.5% H7Fsled A zshsic).

DNA £& 9! Hgsa Xz

Plasmid DNA®] 3% Sambrook?] HFH(23)S AHE3}4]
i DNA sequencingS 3}7| ]38} plasmid DNA 352
QIAGEN plasmid kit(Qiagen Inc.)& AR8-3}sict. 245 A3k
F.4:¢} T4 DNA ligaset= Boehringer MannheimA}2} Prome-
gart2 e Folste] ARl en], ube 2L Az 34}
o] Aupel] whsict.

DNA ¥JIME 2N

Sequenase vesion 2.0 kit(USB Co.)5 A&-3}o] dideoxy-
mediated chain termination ¥}FH(24) 2.2 DNA 47|4d9&
ZA7s}sdth. - 40 universal primer$} reverse primeri= USB
A}2 3], [0-°S|dATP:= New England NuclearA}28E] 7
lstgdch. 97149 A2 DNAY k= strandsE 23] o]AF
A AEkd e}

E4 8ol =X

o] BASAS A3 T4 10° cells/ml7bA] whokat
AZLE 4°CellA] LA E2](10,000x g, 55310 3438 3 50
mM Na,HPO,-KH.PO, $5-8-9(pH 7.0)°.2 23] A|H3 ¢}
+ o5ellA 302 7kH4eg 153 Fab 108 o]AF soni-
cationd} 3L HAlEelsle] & A7 A2g Algastodct
w3t 40 pg/ml2) IPTG(isopropylthio-B-D-galactoside) S Al--
st} F4 o) ojkAA-S fsleict shle] ek
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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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bovine serum albuming ARE-3}¢it}. Glutathione S-transferase
9] #2100 mM potassium phosphate $F3~8-o8 (pH 6.5)0]]
1mM glutathione®} 1mM 1-chloro-2,4-dinitrobenzene-S 7|
AR Arislo] 25TCel|A] WRAIZL ¥, 340 nmol| 4] F%
= W32 24 ahirhe).
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phnC FHXIL| ¥IIML

Pseudomonas sp. DJ77¢] chromosomal DNAZHE] 6.8-
kb Xhol HHe] FRY=|o]al A2 Zepsr|= pHENX
72} FAHARSE phnCDEF?] A2 34217} ZA43ch(16).
olel® FAATLEZNE phnC S T gl
AzxF Feav| =2 Alx3)7) $ste] pHENXTS Xhol-Psi
o] ARrFAE Ardslo] o4& 1.65kbe] DNA H3-& pBLUE-
SCRIPT SK(+)oll ArUAIA phnC §-AAHE 74R) = ) =38}
Zeban)e pXPI6(Fig )T A2 Zaban] = pXP169] 5
Zo] EAsh oF 03kb HEo] £U 23 DNA AL A
Ag A z3 Fehav]s pSP13E AlFslgict.

A7IMge AAL phnC ¥HE F3Feh= pXP169] of
700 bp Clal-Narl =} Narl 48 pBLUESCRIPT SK(+)
HEjell AFIAIA A28 pCN6822} pNN653 5-2] o] )
Z3 Eepavs FT A S o)gste] driade AAsloict
744" 997]49& DNASIS V7.06 program(Hitachi software)
& AHgste] 43k A3} Fig. 2] vehd 713} ko] 603 bp
o] @7IM9E FAEel e shte) open reading frame
(ORF)7} o] ORF2] WAIZE(ATGR} £4FE(TGA)] 6
bp 7} H &l 4] 2+t ribosome binding site(RBS)2] Shine-
Dalgano sequence® H.ol= 97|44 (5-AGGAGA-3)7} ter-
minator *+F£& o] F1 JE 937149 (5-ATGCGCGGCGGC-
N7-GCC GCCTCGCCGCAT-3yS 73 4= glaich. o] ORF
= 2017R09] otulwAlS qhEsleln] v dBiE] G533
child o) Raleke 21,416 Dao @ Kim £(8,16)] X173k
phnCE 7FAl= Az Zefiv]= pHENXT o] whEo]
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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 .
M K L F I § P 6 A C S L A P 14
CAT ATT GCC CTG CGC GAA ACC GGT GCG GCG TTC GAT GCG GTG AAG GTC GAT CTG GCG ACC 120
#H I AL R ET G A A F D A V K V DL AT 34
CGC AAG GTA GAG ACC GGA GAC GAT TTC CTG ACG GTC AAT CCG TCA GGC AAA GTT CCT GCG 180
R VETGGDDTFILTVNUPS G K V P & 54
CTG ACC CTC GAC AGT GGC GAA ACC CTG ACT GAA AAT CCT GCG ATC CTG CTC TAC ATC GCC 240
L TU>L DS G ETTULTENZPATITLTLY I A 74
GAT CAG AAG CCA GAC GCG GCC CTG GCG CCT CGT GAT GGC ACG TTG GAG CGT TAC CGC CTG 300
D @ K P D A AL AP RDGTL E R R L 94
ATC AGC CGA CTG AGT TTT CTG GGG TCG GAA TTC CAC AAG GCG TTC GTA CCG CTT TTC ACA 360
I s R L 8 F L G S E F H K A F V P L F T 114
CCCGGCAGCAGCGACGAAGCAAAGCFCGCGGCCTCGACCGCCGFCAAGAATCATCTGGGF 420
P G S D E A K L AS T A V K N H L G 134
GCG CTG GAC AAG GAA CTT TIG GAC AAG GAA CAC TAT GCC GGT TCT GAA TTC AGC GTC GCC 480
AL D K E L L D K EUH Y A G S E F S V A 154

GAC ATC TAT CTG TTIC GTG ATG CTG GGC TGG CCG GCC CAT GIC GGG ATC GAC ATG AGC GCC 540
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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.

Z|+= SDS-PAGE Z e} 79| dxatd i G+C ek 60.1
%2 pHENX7el| &3k o2 ¢-7kl phnD(60.5%, 25)
9} u}2=3) 3L phnk(57.4%, 15)8ch= =gir}.

PhnC CHYZIO| glutathione S-transferase &4 &4

Pseudomonas sp. DJ77, pHENX7 12] 77 pHENX7¢l] 4] #|
28 pnC 7K AT Sl AT Zelr] = S pxH
39, pXP16, pSP13) 7}A|+= E. coli XLI-Blueol|4] 353} wt
wiAlS- 7}x| 51 GST &Ale] 714 wfardel 7|2l 1-chloro-
2,4-dinitrobenzene(CDNB)&- AR8-5}e] F 4 FAIS SAI313]
Th(Fig.3). phnCDEFS] §4ixbo] Ealshs A2 Eepn
)= pHENX7S 7HA)= E. coli #5¢) whldyct phnC
A zpate] ZAlshe A3 Fepav]=(pXPl6, pSPI3)E
A A 32 shlde] GST 54 S4o] Fote
o, E. coli 52| 7% IPTGE o|4se] ANxg Felav]
o] thial whalg %EE}"*% aje] GST &A4Jgke] A
o) wag frab w9 wurk B debde oleld
A= phnC FARpro] A 8422 A 23 pXP16, pSP13
o] 9bxgh glutalhlone S-transferase -§-4A}7} Ea)she] &
HR(16)l A B wE vhel zro] yjpabas
th= 28 vzt

Zexhil o] o]v)

PhnC Of0|'-ate] ASM Hlw

QA7 D2 HE §538 PhnC F49 ofv|wAl A
Genbank ¢} Swissprot data baseS ©]&3}e] GST ofw]
xedo] e}#dAl Pseudomonas pseudoalcaligenes KF707(BphX

olg
it

0), Burkholderia cepacia 1 B400(BphK), Cycloclasticus oli-
gotrophus RB1(XylK), Proteus mirabilis(GSTB1-1), E. coli
(GST), Hemophilus influenzae(BphH), Synechocystis sp. PCC-
6803(GST), R leguminosarum(GSTA) 52| A#3 &4
Abappzo) ubsi Al A E(A. thaliana), 323=(L. cuprina), 7]}
2(S. japonica), 2.3 oi(squid digestive gland) 28] 7 17}k
(o class class hGSTAIL, p class hGSTM, w class hGSTP1,
8 class hGSTT1) GST2| opvAb A3} vlardle] Bket.
PhnC #4:9] opvl Al M & ohE Fof A4 GSTse} vl
WS w B. cepacia LB400(53.7%), P. pseudoalcaligenes
KF707(53.2%), C. oligotrophus RB1(49%)2] GST¢} =& A
EAL B9 E coli(45%), P. mirabilis(48%), H. in-
fluenzae(39%)2] EA9t% RaA £ AFAAE vhebich
e}, F 2ol vksi Al R, leguminosarum(35%), Synecho-
cystis sp. PCC6803(33%)2] GSTel| gt AHEAle vlwd
uste.

Aol EAlshs GST &) Ababfze} o2 w4
GSTsopo| frdatAl 2 F-Fell dalfl dedzl wizt i) o
o] GST o}lv)xcAl Ajade] AbsAl v & PhnCe} vl £9]

A4 = v AEA GSTseke] AR AE ZALskadcl. Fig.
49} 7ro] PhnC ¥ B. cepacia 1LB400, E. coli, H. influenzae
Zolla] AR AFA GSTsi= 7|AF 2 Qlzh, 3o
alpha, mu, pi, sigma class GSTs R.Tl= Synechocystis sp.
PCC6803, R. leguminosarum®] A7tA GST U AlE, a7k,
3Zol] Z2|8H= theta class GSTse} ofp] Ak #{odo] H]&
aic
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phnC
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pXH39 e :
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pXP16 !
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pSP13 —_
Specific activity (U/mg)
. Size of cloned f GST
Strains o
fragment (kb)
induced noninduced
Pseudomonas sp. DI77 0.059
E. coli strain
XL1-Blue(pHENX7) 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) 13 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, HindIll; P,
Pstl; S, Sall; B, Bglll; X, Xhol.

EF5E2 GSTsollA] o, u, © class GSTsy= =244l 7]
£729 2% 1S 7L 98, Din FG)1 3 72
of B4Ael 2649 271F sk uh gek. obvlAk Al
o) ulwd fabslel Nt Tyro] B4l 7] el
o17ke] alpha, mu, pi class GST, 12|3. 7], sigma class
9 Ae] GST2} PhnCe ofv|xAl A& BAg Azl A
ofulieAtel gk AEA A me vl gekx|ak 26709 I
A<l A7) F 1219 e BREFY gle AR v
sk B3] o]F 1274 2] % Pro”, Ie”, Gly', Asp'™ &
9] #t7]& PCE F3g AlFA GSTs¢} alpha, mu, pi,
theta, sigma class GSTsel] ZEH o7 BWZEEo] 9lgir) 1
21} X-Al crystallographic $-4(7,22,26)3} site-directed mu-
tagenesis(11,17,18,27,30)% %3} alpha, mu, pi, sigma class
GSTsellA] fiz:e] 243k 3 GSH bindingel] Thofsh 25
Aol 2712 ghe{Al N-"wk Tyro] PhnCell &Eafa}z] ¢ko
w, theta class GST2] X392 (1,32) &eixl N-zgt 2
47%17] Sero] PhnCE T3 25 29 AEA GSTolA B
&x5]od2] 9152 AlFA GSTs7} alpha, mu, pi, sigma class
GSTsH®r} theta class GSTs} ofn|Al A]do] H]Lshr)e=
Al AbsA Avtele dx|she Zlolth B4akrle o
FRoly AA ofr|iate] AHFAS sl WA A
7t & w) PhnC GST$} theta class GSTs:= 3§ AL FE 4
A faste] 7)5w ol H3teheE vl 23hE Ao

F230).

PhnC GST FAXIQ XIQ} 7=
If5EdA 3 gt e EHe GEHA
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’: E. coli (Gst)
P. mirabilis (GSTB1-1)
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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. DI77 (this work), P. pseudoalcaligenes
KF707 (Genbank accession number D85835), B. cepacia LB400
(Genbank accession number X76500), C. oligotrophus RB1
(Genbank accession number US51165), E. coli (Swiss-prot ac-
cession number 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), 6
class human hGSTT1 (Swiss-prot accession number P30711), o
class human hGSTA1 (Swiss-prot accession number P08263),
class human hGSTP1 (Swiss-prot accession number P09211),
and p class human hGSTM2 (Swiss-prot accession number P
09488).

225} RS S5 Bofale oz Udeltl GSTse
Fe) ] kst el sleks Ale] elARA we

A7t el Feizlet. e, Algtel EAshs GSTs9] AlZ
Welalel Aol e Al gk 2ahadoll Hefdt
th= B37(20) ¢Joll= ezl uizt A9l gl §31zte] ¢
AE 75 AF@x]e] Azbs] B w Pseudomonas sp. DI
7741 GST F-AAHphnCy} ¥aF% Bhslea e el #
Azl A A" 73} PhaC f49) 7P £ ofpal
A5AE M2 GST F-A-ZHP. pseudoalcaligenes KF7072)
bphX0, B. cepacia LB4002] bphK, ~18]3L C. oligotrophus
RB19| xylK)7} phnCs} Zro] whaps whslaps: 3 47}
Foll EANFTH27,28,305 APLS FEE whsic). Fig. Sof
vrebd wle} zbo] C. oligotrophus RB12] xylK:= integral
membrane protein 3 XHxylM)e} 2-hydroxy-5-methy-6-oxo- -
hexa-2,4-dienoate dehydrogenase 531 XH(xylG) Alo)ol] $]x)&}
vl B. cepacia LB4002} P. pseudoalcaligenes KF7072] GST
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C. oligotrophus RB1

< EIp $EE) (%)

P. pseudoaicaligenes KF707

B. cepacia LB400

” lWDIm.§®§
m--

Pseudomonas sp. DJ77

Fig. 5. Comparison of location of GST encoding gene in Pseu-
domonas sp. DJ77 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 (xylK, 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 gene xvIG, bphX2, and bphl are
hatched. The information was compiled from references 15, 25,
26, 28.

f-A2H(bphK, bphX0)y= biphenyl-2,3-diol-1,2 dioxygenase -
A 2HbphC)2} 2-hydroxypenta-2,4-dienoate hydratase -5}
(bphH, bphXI) Atolell Zjgch. o] A phnD $HAH2-hy-
droxymucomc semialdehyde hydrolase)2} phnE(extradiol dioxy-
genase) & H-H-ol] ZaN&= Pseudomonas sp. DIT78) phnC
HAzf FrAeR v A e E PhaC H4v) whed
% 'eleae] B wma kel kg ThdzoR Aa

ahe Ao},

ZAte| &

o] Qe ﬁ&% Fetate] 2| 4ol o5 4afw]el ow (94-
0401-11), ool 7ZFAF=alu]c},
Sl
1. Board, P.G., M. Coggan, M.C. Wilce, and M.W. Parker.

1995. Evidence for an essential serine residue in the active
site of the theta class glutathione transferases. Biochem. J.
311, 247-250.

2. Boyer, T.D. 1989. The glutathione S-transferase: an update.
Hepatology 9, 486-496.

3. Di Ilio, C., A. Aceto, R. Piccolomini, N. Allocati, A.
Faraone, L. Cellini, G. Ravagnan, and G. Federici. 1988.
Purification and characterization of three forms of glu-
tathione transferase from Proteus mirabilis. Biochem. J. 255,
971-975.

4. Di Ilio, C., A. Aceto, R. Piccolomini, N. Allocati, A.
Faraone, T. Bucciarelli, D. Barra, and G. Federici. 1991.
Purification and characterization of a novel glutathione
transferase from Serratia marcescens. Biochem. Biophys.
Acta. 1077, 141-146.

5. Dirr. H., P. Reinemer, and R. Huber. 1994. X-ray cry-
stal structures of cytosolic glutathione S-transferases. Eur. J.
Biochem. 220, 645-661.

6. Habig, W.H., M.J. Pabst, and W.B. Jakoby. 1974. Glu-
tathione S-transferase, the first enzymatic step in mer-
capturic acid formation. J. Biol. Chem. 249, 7130-7139.

18.

19.

20.

. Pickett, C. and A. Lu.

Kor. J. Microbiol.

. Ji. X,, P. Zhang, R.N. Armstrong, and G.L. Gilliland.

1992. A three-dimensional structure of a glutathione S-
transferase from the mu gene class. Structural analysis of
the binary complex of isoenzyme 3-3 and glutathione at 2.2
A resolution. Biochemistry 31, 10169-10184.

. Jung, U.H,, Y.S. Cho, H.M. Seong, S.J. Kim, Y.C. Kim,

and A.S. Chung. 1996. Characterization of a novel glu-
tathione S-transferase from Pseudomonas sp. DI77. J.
Biochem. Mol. Biol. 29, 111-115.

. lizuka, M., Y. Inous, K. Murata, and A. Kimura. 1989.

Purification and some properties of glutathione S-transferase
from Escherichia coli. J. Bacteriol. 171, 6039-6042.

. Lowry, O.H,, N.J. Rosebrough, A.L. Farr, and R.J.

Randall. 1951. Protein measurement with the folin phenol
reagent. J. Biol. Chem. 193, 265-275.

. Lie, S., P. Zhang, X. Ji, W.W. Johnson, G.L. Gilliand,

and R.N. Armstrong. 1992. Contribution of tyrosine 6 to
the catalytic mechanism of isoenzyme 3-3 of glutathione S-
transferase. J. Biol. Chem. 267, 4296-4299.

. Mannervik, B. and U.H. Danielson. 1988. Glutathione

transferase-structure Rev.

Biochem. 23, 283-337.

and catalytic activity. Crit.

. Meyer, D.J., B. Coles, S.E. Pemble, K.S. Gilmore, G.M.

Fraser, and B. Ketterer. 1991. Theta a new class of glu-
tathione transferases purified from rat and man. Biochem. J.
274, 409-414.

. Nishida, M., K. Kong, H. Inoue, and K. Takahashi.

1994. Molecular cloning and site-directed mutagenesis of
glutathione S-transferase from FEscherichia coli. J. Biol.
Chem. 269, 32536-32541.

. Kim, Y.C., M.S. Shin, K.S. Youn, Y.S. Park, and U.H.

Kim. 1992. Nucleotide sequence of the phnE gene en-
coding extradiol dioxygenase from Pseudomonas sp. strain
DJ77. Kor. J. Microbiol. 30, 8-14.

. Kim, Y.C., K.C. Youn, M.S. Shin, and H.S. Kim. 1992.

Molecular cloning of a gene cluster for phenanthrene de-
gradation from Pseudomonas sp. DJ77 and its expression
Escherichia coli. Kor. J. Microbiol. 30, 1-7.

. Kolm, R.H,, G.E. Sroga, and B. Mannervik. 1992. Par-

ticipation of the phenolic hydroxyl group of tyr-8 in the ca-
talytic mechanism of human glutathione transferase P1-1.
Biochem. J. 285, 537-540).

Kong, K., M. Nishida, H. Inoue, and K. Takahashi.
1992. Tyrosine-7 is an essential residue for the catalytic ac-
tivity of human class pi glutathione S-transferase: chemical
modification and site-directed mutagenesis studies. Biochem.
Biophys. Res. Commun. 182, 1122-1129.

Pemble. S.E., and J.B. Taylor. 1992. An evolutionary per-
spective on glutathione S-transferases inferred from class-
theta glutathione transferase cDNA sequences. Biochem. J.
289, 957-963.

Perito, B., N. Allocati, E. Casalone, M. Masulli, B. Dra-
gani, M. Polsinelli, A. Aceto, and C. Di Ilio. 1996.
Molecular cloning and overexpression of a glutathione S-
transferase gene from Proteus mirabilis. Biochem. J. 318,
157-162.

1989. Glutathione S-transferase:
gene structure, regulation, and biological function. Ann. Rev.
Biochem. 58, 743-764.

. Reinemer, P., H.W. Dirr, R. Ladenstein, R. Huber, M.



Vol. 33, No. 2

23.

24.

25.

26.

27.

Lo Bello, G. Federici, and M.W. Parker. 1992. Three-di-
mensional structure of class pi glutathione S-transferase
from human placenta in complex with S-hexylglutathione at
2.8 A resolution. J. Mol. Biol. 227, 214-226.

Sambrook, J., E.F. Fritsch, and T. Maniatis. 1990.
Molecular cloning. A laboratory manual. Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N. Y.

Sanger, F., S. Nicklen, and A.R. Coulson. 1977. DNA
sequencing with chain terminating inhibitors. Proc. Natl.
Acad. Sci. 74, 5463.

Shin, H.J., S.J. Kim, and Y.C. Kim. 1997. Sequence
analysis of the phnD gene encoding 2-hydroxymucomic
semialdehyde hydrolase in Pseudomonas sp. strain DJ77.
Biochem. Biophys. Res. Commun. 232, 288-291.

Sinning, I, G.J. Kleywegt, S.W. Cowan, P. Reinemer,
H.W. Dirr, R. Huber, G.L. Gilliland, R.N. Armstrong,
X. Ji, P.G. Board, B. Olin, B. Mannervik, and T.A.
Jones. 1993. Structure determination and refinement of hu-
man class alpha glutathione S-transferase Al-1, and a com-
parision with the mu and pi class enzymes. J. Mol Biol.
232, 192-212.

Stenberg, G., P. Board, and B. Mannervik. 1991. Mu-
tation of an evolutionarily conserved tyrosine residue in the

Nucleotide Sequence Determination of a PhnC GST Gene 91

28.

29.

30.

32.

active site of a human class alpha glutathione transferase.
FEMS Lett. 293, 153-155.

Tairo, K., J. Hirose, S. Hayashida, and K. Furukawa.
1992. Analysis of bph operon from the polychlorinated bi-
phenyl-degrading strain of Pseudomonas pseudoalcaligenes
KF707. J. Biol. Chem. 267, 4844-4853.

Timmis, K., B. Holfer, and S. Backhaus. 1994. The
biphenyl/polychlorinated biphenyl-degradation locus(bph) of
Pseudomonas sp. LB400 encodes four additional metabolic
enzymes. Gene 144, 9-16.

Wang, R.W., D.J. Newton, S.E. Huskey, B.M. Mckeever,
C.B. Pickett, and A.Y.H. Lu. 1992. Site-directed mu-
tagenesis of glutathione S-transferase YaYa. J. Biol. Chem.
267, 19866-19871.

. Wang, Y., P.CK. Lau, and D.K. Button. 1996. A ma-

rine oligobacterium harboring genes known to be part of
aromatic hydrocarbon degradation pathways of soli Pseu-
domonads. Appl. Environ. Microbiol. 62, 2169-2173.

Wilce, M.C.J., P.G. Board, S.C. Feil, and M.W. Parker.
1995. Crystal structure a theta-class glutathione transferase.
EMBO J. 14, 2133-2143.

(Received April 30, 1997/Accepted June 15, 1997)

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-
ermined. 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 1B400 and Cycloclasticus oligotrophus RB1
respectively. PhnC is evolutionarily related with the theta class cytosolic GSTs based upon catalytic invariant resi-
dues and homology in the primary structure. Although the homologies 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.





