(S3-B)

Pseudomonas sp. DJ776]A] Phenanthrene AE-3joj Toist phn LW 12

S S RVIE T ESRIL Rk SR BRI
2Rt Azt 0aE8y

o8Y BEY o@RAL A AANCE AR A H2 Yok Hel Y

424 (aromatic hydrocarbon): X|%WF El3}4=4 (aliphatic hydrocarbon)
Bt dEsjgdolol A AAA AL FAHHL gt dEAA YFF UudrLS
+ phenanthrene, naphthalene, xyl.ene, anthracene, salicylate, toluene,
phthalate So] 9l2n, %3] phenanthrene?} 3L polycyclic aromatic
hydrocarbon2 &) - & - 718 8] JUAEFIE ¢8A o #HE EA7 ¢
=2 Alz}sjc}t s} ch(Yoshimura 5, 1973: Hague 5, 1974: Safe 5, 1975: Goto
T, 1975). ol ¥ FEINY WHFFH ©HsLEES udEo] LA o] &¥UrtE
R HTES BARAYH FAolA At TG Ro
of o AE= dHF ez HENY EFES A gesy I}
213 e @l EAVL gl HoAM X E A a8 Qlcl

Phenanthrene& &3l3l= o] Eo] gt A= 1928 Taussonol] 3] A&
AFE F oy YxSo] o3 o] Yr(AronsonF, 1970: AlexanderF,
1981: Kiyohara%s, 1982: Chakrabartys, 1985). ®x|7ztx] w3 2 ujol 2]s}H n)
A Eol ¢7t phenanthrene E3foll= F712 FE7F & Aoz A od,
)= Eoko pseudomonadsof} A} w3 =l Ro= phenanthrene©]
1-hydroxy-2-naphthoic acid, salicylate, catechol& AX XZE3jE &= ao]j_
(Evanss, 1965), E#l:= deromonasoll A W& £33 Z(Kiyohara%, 1976)F A
phenanthreneoﬂklv 1-hydroxy-2-naphthoic acid7}®] EIHEe HAZIRE= EY
pseudomonads®] E3jAAz2 For} I o]FE  2-carboxybenzaldehyde,
‘o-phthalate, protocatechuate® #3|% = Zo] t}=r}(Fig. 1).
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i Phenanthrene
H ‘ 3,4-dihydro-3, 4-dihydroxy-
phenanthrene

Ol
3,4-dihydroxyphenanthrene

O o

| o 3;"

8! 1-hydroxy-2-naphthyl methylene

pyruvic acig

e

cHzCocoo +} OB

coon
O 1-hydroxy-2-naphthoic acid

oH \\i

o OB C00R
1,2-dihydroxy 2-carboxybenzaldehyde
naphthalene CHO

ke.

NAD
CHsCOCOOH
b 2L0C0 NADHA4 -
] il 00X
Salicylaldehyde o-phthalate
CHO COOH
NAD ’
NADH : 1
L ) i HO 00R _
Salicylic acid Protocatechuate
COCH HO :
NADH
fap 30s

0l
Catechol
OH

Fig. 1. The pathway of phenanthrene degradation.



Benzeneo|L} toluenex} Zlo] ﬂ 712] benzene IB|E FAEY Y= SR
naphthalene, biphenyl $3t 2ol ¥ 7|z F4Eol Qe Bl VAL we
d77t ARHo] PA 7t phenanthrene T2} Zol A7 benzened 2 T4 H
o] gl WHZF udLs EAo tizfHE A2t vz 47 AEAxg o
344 o] ot W& AL o]FofA 9lA] ¢t} Phenanthrene tiilu} &
23189 @7 Evans 5(1965)3} Kiyohara ¢} Nago(1977) Sofl &3ted dFEiu}
9l ©1} phenanthrene &3l %A =x}7} plasmido] Itie R L(Kiyohara &, 1981,
1990) Slof& ¥l FEE ofd HustA WA YA YT, B KA 72
o} dEz A B FAYAHQA A3 AFH o] FolA AUA Yrl.

Pseudomonas sp. DJ772] Z}& ¥t3l4-4of l’—l]?} 235

Pseudomonas sp. DJ77-2 phenanthrene %"l o}iu] 2} biphenyl, benzoate, sali-
cylate & ©AVALYOR o] &3l Aotz 4 rhKim F, 1989). Z2eut
naphthalene, anthracene, 1-hydroxy-2-naphthoate, salicylate, o-phthalate &
e o]-§3}2] RE3}gitt. Phenanthrene?] Z2ta 32 ¢33 1-hydroxy-2-
naphthoic acid, salicylate, o-phthalated Tt §lA o' 3dlo] MMz oAl 5mM
S22 Hrlslel 4GRS 2AR A3} BEF o] §351x] £syct (Table 1). o]
£ ZF 7 AEAo] saMol A DI77o] B4 UepAY ol & < o] &3] R}

Table 1. Minimum inhibitory concentration of hydrocarbons

on the growth of DJ77

Medium Concentration (mM)

(MM2-50 mM Glucose) 5 2.5 1.25 0.625 0.3125
Benzoate ++(yy) ++(yyy) ++(yyy) ++(yy) ++(y)
Phthalate +++  +++ A+ A+t e+t
1H2NA - - + + +
Salicylate - +(y) +(yy) ++(yy) ++(y)

(+), growth, (—), no growth, (y), yellow color,
1H2NA, 1-Hydroxy-2-naphthoic acid.
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£ o= 47Hch Plasnid: ¢ 65kbel 40kbB =] F AE 7ixa gon 7
2}e] plasnid® ¢FESY og7x] ANAAT My Az} iy 4-93 %9
Bdoz AudUc. W77l EAWolE H=otdl  phenanthren® (phn'),
1-hydroxy-2-naphthoic acid- (1H2NA-), salicylate* (Sal*)2} Phn-, 1H2NA-,
Sal*ql EdWo|FE Gart. oY AMEAAJEL DI77°] phenanthrened
salicylateg AA ZE3jtcie= S Yuojiicy,

Extradiol dioxygenase SA =] cloningt x| FE A

Pseudomonas sp. DJ77¢]A] total DNA gl plasmids DNA & Ztz} #4823 31
meta-cleavage ¥ A {AxIY S YE st Total DNAE Sau3A® & AHxh
3t ¢F 10-20 KbEl= AT elutiondle] A}L3}e 3L, plasmids o 2] 717 A
NAALE At 2 GBS BZE2NY A3 va3 & Fho] AP Xhol,
Bglll2 Axtslo] pBLUESCRIPT vec;tor'oﬂ ligation¥t ¥ E. coli JM109 H3Fol
transformationd}%it}. Phenanthrene £3] 37} 4# 2] operong FAAY A
olglx 32Z& 3lo] nutrient agar plate (0.lmg/ml indole E¥F)o]lA dioxygenase
o 2 IstME "H= ZE23, 3-methylcatechold EFA| extradiol
dioxygenaseo} 2J3] =3 NG == ZFS& AUstgcri(Williams &, 1986).
PlaspidsS Xhol2 8 X 2|3}ty X-gal wlA|o] A A3 FE F 3-methylcatechol
& EFA kMG HE transformantd AT o[RS 4T A o 7.2%Kb F
9 xholdWo] AYH A& ¥tz o] & pHENX7ol 2} sl chH(Fig. 2).

pHENX7 plasmid Zo|A meta-cleavage ¥ 4 U= A4 FAxY] YXE HA
3171 $18td oA 7ix] M FEAME A Zstgct. Pstl 2} Bglll & deletion ¥
& W AAY9NE AAstgen, HindlIIE Axstol pBLUESCRIPT SK* o
subcloning®t pHY2E= A AAIJIE (AIstddch &9 AHLstA X E metsizl ¢
3le] Fig.2 oA Br=vle} o] pHYZ plasmidE TFA] EcoRl, Sall, Pstl B o2
Az A4 FENe TAHGUE FAY AUE HE peta-clevage T4 FAA}
+ Pstl, EcoRl, Sall #$|& EZ§3l= ¢ 1.2 Kb Ao xS dotrt.

7} subcloneE 2] A7IjdE ARt o]EE o} ©i¥eL 3 fAAEH
vlz3] 23 w3 ABAME polypeptideE o] AV FF FAd2t H4L7E FZY 2
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2} meta-cleavage compound hydrolase -3-2 2} (phnD), meta-cleavage compound

dehydrogenase &3} (phne)e] $1x18} Z7|% & 4= AATHFig. 2).

- phnD  phnE phnF phnG

pHENX7 T.TIITTIIIIITIIIITTITIIIIITIIITIII_II

pBLUESCRIPT
XS EE P ES P E H H. Bg
3-methyl
catechol
D pHYZ2 pesessEsssssesssEREEEEEEEEESEE +
@ pPY7 EASEREANEEESANEN SN NN NSNS NN N RN +
® pEY1 SESNENEEESRENNEEREE +
@ pEl [T — -
@ pE3 AEEREEEER -
©® pS1 - SENENEENENEERER -
@ pS3 EEESENEEEENE -
L | ! L |
0 2 4 6 7.2 Kb

Fig. 2. Physical and genetic map of recombinant plamid pHENX7,
Abbreviations: B, BamHI: Bg, Bglll: C, Clal: E, EcoRl: H,
HindIIl: K, Kpnl: P, Pstl: S, SalI X, Xhol. +, yellow color:
-, no color,

Extradiol dioxygenase .4 -?r%‘_-x}(phnE).‘.’—] a7ivjd 3 L AsA

Meta-cleavage &4 §Ax}e] FZE golky] ¢3lo] pHY2 29|85 ZAeg
sequencing 3}gt}, o] HEZojA JAIZEL 7 bp & H£o] SD sequenceE Zt=
71 ORFE WAY 4 2lotl(Fig. 3). ©] OFR7} meta-cleavage X A HA=} gl
A& U U3 $isle] Gl FH {3 48 oinjieit vidE AF
7FA] &8 3 extradiol dioxygenaseS2] ojnu|4l wid 2} ujZ s,

"2f7k2]  H71A]  extradiol enzyme?] ofmji=it  wide] @A glch
pPseudomonas putida mt-2 oA ¥}3 # catechol 2,3-dioxygenase(XylE), pWw02}
NAH7ol 4]  8}& A catechol 2,3-dioxygenase (NahH), NAH7o)A]  ui& 2l
1, 2-dihydroxy-naphthalene dioxygenase (NahC)®} P. pseudoalcaligenes, P.
aucimobilisoll Al ¥}& R 2, 3-dihydroxybiphenyl dioxygenase (BphC)2] o}n}i-4}
3 S fabgol ik RS Mo} YUrkHyrayana and Rekik, 1989). w
glx o] & extradiol enzymeE2 3}t FFH JlHoA FeE Aoz ogH

eS

L. [o]
t}. o]E extradiol enzymeE5-& homogeneous¥t subunit® LA E o] 9= wim
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1
1

49
17

97
33

145
49

193
65

241
81

289
97

337
113

385
129

433
145

481
161

529
177

577
193

625
209

673
225

721
241

769
257

Fig., 3. Nucleotide sequence of the phnDE gene.

ATG
Met

CAG
Gln

AAG
Lys

GGT
Gly

GAG
Glu

CGC
Arg

CAC
His
GGC
Gly

CTT
Leu

CCC
Pro

TTC
Phe

GAA
Glu

TTT
Phe

ATT
Ile

GAA
Glu

GCA
Ala

CAT
His

CAG
Gln

ATC
Ile

CAT
His

GTA
Val

GCC

Ala

GAG
Glu

AGT
Ser

TTC
Phe

GCG
Ala

GGT
Gly

GAA
Glu

CccC
Pro

GAT
Asp

TTT
Phe

ACC
Thr

CAC
His

CGG
Arg

GAG
Glu

CTC
Leu

ATT
Ile

ATT
Ile

GGG
Gly

ATC
Ile

AAG
Lys

CGA
Arg

GTA
Val

CTT
Leu

CGA
Arg

CAC
His

GTC
Val

AGC
Ser
GAT
Asp

GCC
Ala

CGG

Arg

AAG
Lys

CGT
Arg

ATC
Ile

GAT
Asp

ATC
Ile

GTC
Val

TAT
Tyr

GGC
Gly
TAC
Tyr

TGT
Cys

TGT
Cys

GAT
Asp

GGC
Gly

GTC
Val

GAT
Asp
ATG
Met

GCC
Ala

CCT
Pro

CAC
His

CGG
Arg

CTT
Leu

GCC
Ala

CGG
Arg

CGC
Arg

GCC
Ala

CTG

Leu

GCG
Ala

GCG
Ala

GCC
Ala

GCC
Ala

CTG
Leu

GCA
Ala

TGA
Rk

GGC
Gly

TAC
Tyr

GCC
Ala

CGC
Arg

AAG
Lys

TGT
Cys

AAG
Lys

GAG
Glu

GGT
Gly

CTC
Leu

CTT
Leu

CGG
Arg

TTC
Phe

CAC
His

AGT
Ser

TCG

TAT
Tyr

CGC
Arg

TTT
Phe

GAG
Glu

GAC
Asp

CCA
Pro

ATT
Ile

ATG
Met

CGT
Arg

AAC
Asn

GAT
Asp

CTC
Leu

TTA
Leu

CTG
Leu

TTC
Phe

GAG

GTC
Val

GAC
Asp

TTC
Phe

GCC
Ala

GCG
Ala

TGT
Cys

CGG
Arg

GCT
Ala

GGA
Gly

GGC
Gly

TTC
Phe

GGC
Gly

GGC
Gly

TTC
Phe

AAC
Asn

CAG
Gln

CGG
Arg

CAG
Gln

GAT
Asp

GAC
Asp

CGA
Arg

TTT
Phe

GTC
Val

GCC
Ala

GTG
Val

TCA
Ser

ATC
Ile

TAT
Tyr

GCC
Ala

CGG
Arg

AGA

AGG

CTC
Leu

ATT
Ile

GCG
Ala

CAG
Gln

TTG
Leu

CGT
Arg

AAC
Asn

GGC
Gly

ACG
Thr

GAT
Asp

GTC
Val

TTT
Phe

CcCC
Pro

GAA

Glu

ATG
Met

TTC

AGG
Arg

GGT
Gly

TTC
Phe

GCG
Ala

GAC
Asp

GAT
Asp

ACG
Thr
CAC
His

TGG
Trp

ATA
Ile

GCC
Ala

CTT
Leu

GAA
Glu

binding site is underlined, and the amino acid
nucleotide sequence is also presented,

protocatechuate 4, 5-dioxygenasex=
subunitsE FA4E o] glom o]l&E}
¢l catechol 1,2-dioxygenase(TfdC),
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TGC
Cys

GTT
Val

TTC

GTT
Val

CTA
Leu

GAC
Asp

GGC
Gly

CAT
His
CCC
Pro

CCG
Pro

CGG
Arg

ATG
Met

GCC
Ala

GAG
Glu

AGC
Ser

GAC
Asp

GGA
Gly

GCC
Ala

ATG
Met

CTG
Leu

AAC
Asn

GAA
Glu

ATG
Met

TTT
Phe

GGC
Gly

ACA
Thr

TCC
Ser

CGT
Arg

AGT
Ser

GAA
Glu

TGC
Cys

GGT
Gly

A

sequence

CAC
His

GAG
Glu

GCT
Ala

GAC
Asp

TTC
Phe

TTC
Phe

GAT
Asp

ACC
Thr

GGG
Gly

CAG
Gln

GGC
Gly

GCC
Ala

TCG
Ser

CTG
Leu

AGC
Ser
AAG
Lys

putative ribosome
deduced from the

heterogeneous¥t a(17KD),

TGG
Trp

TTC
Phe

TTG
Leu

TTG
Leu

GTC
Val

GAT
Asp

GTG
Val

CGA
Arg

GAA
Glu

CAC
His
CGT
Arg

ACC
Thr

GCC
Ala

GTC
Val

AAC
Asn

ATC
Ile

5(33.8)
A¥ AEAdol ¢lvl. M intradiol enzyme

GTG
Val

TTT
Phe

ACT
Thr

GAC
Asp

AAT
Asn

CGT
Arg

ATG
Met

GCG
Ala

GAT
Asp

GTC
Val

CAA
Gln

CGC
Arg

AAG
Lys

GAT
Asp

AAA
Lys

CAC
His

48

- 16

96
32

144
48

192
64

240
80

288

96
336
112

384
128

432
144

480
160

528
176

576
192

624
208

672
224

720
240

768
256

771
257

T

protocatechuate 3, 4-dioxygenase S3}% o}
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NahH GK|-[A" M

Xy1E GK-AIFYHDR@LNERFMTvyﬂ

DupB GKI-[ATFYHDRVLNERFLTVLT

NahC G ——IFGHGVEAPGYGLEVKHS

BphC-Q RID|- -{1 F G H GIN|E A|A|G Y G|M[D]I P|L|G

BphC-K SRIT A G-----==-~=-= R

BphC DS MWGHKSVRIDKALRATKHE|Q|Q[PIE

TodE RIIISTIWGHKF - -----~----- ALP|A
30 310 320 6

Fig. 4. Homologous region of the phnE gene product and other meta-cleavage
enzymes, Asterisks indicate conserved amino acid in all meta-cleavage enzymes
found so far. NahH, catechol-2,3-dioxygenase encoded by the NAH7 plasmid(Ghosal
et al, 1987): XylE, catechol-2,3-dioxygenase encoded by the TOL plasmid(Nakai et
al, 1983): NahC, 1,2-dihyroxynaphthalene dioxgyenase encoded by the NAH7
plasmid(Harayama and Rekik, 1989): DmpB, catechol 2,3-dioxygenase from
Pseudomonas CF600 (Bartilson and Shingler, 1989): BphC-Q, 2,3-dihydroxybiphenyl
dioxygenase from Pseudomonas paucimobilis Qi (Taira et al, 1988): BphC-K,
2, 3-dihydroxybiphenyl dioxgygenase from Pseudomonas sp. strain KKS 102(Kimbara
et al, 1989); BphC-F, 2,3-dihydroxybiphenyl dioxygenase from Pseudomonas
pseudoalcaligenes KF707(Furukawa et al, 1987): TodE, 3-methylcatechol
dioxygenase from Pseudomonas putida F1(Zylstra and Gibson, 1989).

PhnG SQ{AE[LADIA A AL T[AlV - = - - - -
Dmgg VIIAR[VHEA/GRIAEVDJA|JAVQAARAAL —IIF( W
ALDH-C |v I|C g V[g]e D K V d|kjA V[k|]A AR A A FQILIG
ALDH-A |V IITSIVHEAITEK|D|VD|V[AVIAJAARAAF|--E
1 40 50 . 60
PhnG V K[L|I T|V A[%_ElIE,R A(DDFL A Al-
REBC GKM E I|L{H/R|V|A D|G|1|T AIR{FIDfE]F L[E]A|-
H-C M R[CLLNRI|L|AD —lI ilERDIRT ¥ L AA|L
ALDH-A bR Q 6 LITINJK[LIA D]- L.g ERD|IMDITILAA 6
PhnG - [E|JVAT-- - - - (WMSSHIDIPRGAANE z_]M FTA[D}V
DmBC EIC T KSLTA]SHIDIPRGAAINF[K VIFIAIDIL
ALDH-C |E|ITILDNGKP EYV-I SIYLTVID[LTd M VIITKICCRY YA G W]
AIDH-A [E|SILDNGK[AFT[MA|- K|V[DJLIANS{IJGICLRYYAGW
1 100 110 120
PhnG VSTMPGIE|S
REBC LKNV[AITIE[AFEMATIPIDGS G A IN[YIAVRA[PIKIG
H-C - ---]A YIHGIK[TT P]i DGDF F §|Y PvGV
ALDH-A - - - -|ADK|IHGIQITI[DTNPETLT|YTRHEPVGYV
121 130 140 150

Fig. 5. Amino acid sequence comparison of PhnG with aldehyde dehydrogenases
from various sources. DmpC, 2-hydroxymuconic semialdehyde dehydrogenase from
Pseudomonas CF600 (Nordlund and Shingler, 1990). ALDH-C, a consensus sequence of
horse and human, cytosolic and mitochondrial dehydrogenases. Lower case letters
indicate where the residue is present in two or three of the four sequences, and
o indicates the position where no common residue was found . ALDH-A, aldehyde
dehydrogenase from 4. nidulans.
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Miedt w@e] fabgel UARA ¢nathNoda F, 1990), Z1Ze] WA
extradiol dioxygenaseE-& ofulxat widel AEA o7 TA MYEFE Uk
4 Ql:ui(Fig. 4), 120l NahH, XylES} DmpB, 2Zolli NahCe} Bph-Q, 3ol
BphC-F, BphC-K TodEZ} &%ttt & oA cloning¥t PhnE H A= ofux4t uf
4 24 A7 3 Axl 2Fol ST Aol YelME I M2 with

Pseudomonas sp. DJ77& phenanthrene ¥3t o}i] g} biphenyl, benzoate, sali-
cylate 5& o]|&3lod Aojzt 4 qltl, o] FF2 phenanthrene E3ZF 2=
3, 4-dihydroxyphenanthrene, 1-hydroxy-2-naphthoic acid & A A A salicylic
acid, catechol® H3IH= HoZ FHHCHKin T, 1989). uletA olF F 7t of
A2 &  meta-cleavage ¥ 4 Qe H 4= 3, 4-dihydroxyphenanthrene
dioxygenase, 1,2-dihydroxynaphthlane dioxygenése, catechol 2, 3-dioxygenase,
2,3-dihydroxybiphnyl dioxygenase o] &xzj3icii AztEicl, phneo] ¢Z ¥
extradiol dioxygenasetx= catechol, 3-methylcatechol, 4-methylcatechol,
2,3-dihydroxybiphenyl & meta-clevage ¥ < Qltl, uwielA] 7]&o] w3 2]x

¢}& 3, 4-dihydroxyphenanthren dioxygenased 7}sAd = gltia stzlc).

Meta-cleavage compound hydrolase 3 #}2] &7|uvid

Phenanthrene 23]-8 A Xx}7} operong FA3le] gl F3 5loll meta-cleavage 3L
& RAA d¥919 DNA sequenced ZAFY At 3he] ORF7E Wpelytth(phnd).
PhnDX= Fig. 3, 6%} 8ol Liepd 2z} o] BphD, Tod CIC2BADE operon?] ot HE
ol WA= ORF(TodXio]2ta H)et otulieat vwjd o] AeAdol wokrt. o] 2
e o] §A=}e} todX1e] meta-cleavage compound hydrolase 3 x}U-& A A}s}

o} phenanthrene &3} -RA x50l Y2 operong 7432 S &utch

Meta-cleavage compound dehydrogenase -2 =}2] @ 7|wjd

PhnG¥= Fig. .53'—} 7¢] Ueld 23} o] 2-hydroxymuconic semialdehyde de-
hydrogenase$} 7]E} aldehyde dehydrogenaseE 2] ofnji-At ﬁﬂﬁl} Aol &k
tl. o] A& o] FAXJ} meta-cleavage compound dehydrogenase RAXIUS Al

Abgtel,
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280
BphD-K, 2-hydroxy-6-phenylhexa-2, 4-dienoic acid

1989):
hydrolase from Pseudomonas sp. strain KKS 102(Kimbara et al,

Identical

271
Fig. 8. Homologous region of the phnD gene product and other meta-cleavage

compound hydrolases,
TodX1, Unknown ORF found upstream of the tod operon from Pseudomonas putida

semialdehyde hydrolase from Pseudomonas CF600 (Nordlund and Shingler,

F1(Zylstra and Gibson,



"1 GGC GAT CCG GTC CTG TTG GTT CAT GGT TCC GGG CCT GGC GTG ACT GCA
1 Gly Asp Pro Val Leu Leu Val His Gly Ser Gly Pro Gly Val Thr Ala

49 TGG GCC AAC TGG CGC CTG AAC ATT CCG GIT CTT GCT CAG GAT TTC CGG
17 Trp Ala Asn Trp Arg Leu Asn Ile Pro Val Leu Ala Gln Asp Phe Arg

97 GTC ATC GCG CCC GAC ATG TTC GGT TTC GGC TAT TCG GAC AGC AAG GGC
33 Val Ile Ala Pro Asp Met Phe Gly Phe Gly Tyr Ser Asp Ser Lys Gly

145 CGG ATC GAA GAC AAG CAG GTC TGG GTC GAT CAG CTC GCC AGT TTT CTC
49 Arg Ile Glu Asp Lys Gln Val Trp Val Asp Gln Leu Ala Ser Phe Leu

193 GAC GGA TTG GGC ATC GAC AAG ATT TCG ATG GTC GGC AAC TCG TTC GGT
65 Asp Gly Leu Gly Ile Asp Lys Ile Ser Met Val Gly Asn Ser Phe Gly

241 GGC GGG ATC ACG CTG GCA TTC ATG ATT GCC CAC CCC GAT CGG GTG GAA
81 Gly Gly Ile Thr Leu Ala Phe Met Ile Ala His Pro Asp Arg Val Glu

289 CGC GCC GTT CTG ATG GGG CCT GCA GGG CTC AAC TTT CCG ATT ACT CCT
97 Arg Ala Val Leu Met Gly Pro Ala Gly Leu Asn Phe Pro Ile Thr Pro

337 GCG CTC GAC AAG GTT TGG GGC TAC GTG CCG TCA GTT GAG GCC ATG CGC
113 Ala Leu Asp Lys Val Trp Gly Tyr Val Pro Ser Val Glu Ala Met Arg

385 GAA TCG CTC AAG TAC CTT GCC TGG GAT
129 Glu Ser Leu Lys Tyr Leu Ala Trp Asp

Fig. 6. Nucleotide sequence of the phnD. The amino acid sequence
from the nucleotide sequence is also shown .

1 GTG CAC GAA GCA AGC CAG GCA GAG CTC GCC GAC GCC GTT CAA GCC GCG
1 Val His Glu Ala Ser Gln Ala Glu Leu Ala Asp Ala Val Gln Ala Ala

49 CTT ACC GCG GTG GGC AAG ATG ACC ACG GCC GAA CGG GTC AAG CTG ATC
17 Leu Thr Ala Val Gly Lys Met Thr Thr Ala Glu Arg Val Lys Leu Ile

97 ACC GTG GCG ACC GAG ATC GAA CGC CGA GCG GAT GAT TTC CTG GCT GCC
33 Thr Val Ala Thr Glu Ile Glu Arg Arg Ala Asp Asp Phe Leu Ala Ala

145 GAA GTG GCG ACA GCA AGC CGC GTC ATG TCG TCG CAT ATC GAT ATT CCG
49 Glu Val Ala Thr Ala Ser Arg Val Met Ser Ser His Ile Asp Ile Pro

193 CGC GGA GCC GCT AAC TTC CGC ATG TTC GCC GAT GTC GTC TCG ACG ATG
65 Arg Gly Ala Ala Asn Phe Arg Met Phe Ala Asp Val Val Ser Thr Met

241 CCG GGC GAA AGC
81 Pro Gly Glu Ser

Fig. 7. Nucleotide sequence of the phnG gene. The amino acid
deduced from the nucleotide sequence is also presented.
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1. Pseudomonas sp. DJ77 & phenanthrene Bat olU e} biphenyl, benzoate,
salicylate 5& o]&3}o] Alo}d 4 9it}. Plasmid:= ¢t 65kbe} 40kbA X2 F
W& 7tA 3 2=l o] plasmidE phenanthrene —-—3H°il BEY T4 {3AE
2 rh

2. Meta-cleavage ¥ 4 -2 =x}(phnE), meta-cleavage compound hydrolase
A=} (phnD), phnF A =12} meta-cleavage compound dehydrogenase -8 Z}(phnG)
&= Xhol-7.2 Kb A#HA}tojl 2]x]3} 3lL}8] phnDEFG operonS T LA %o glt},

3. ZAQ ofmixil HiEE TIE RAISE Ze A4 AEAEE Rt
a3y a2 Ax7 gol AR %'EHQ] X43 AzIHc}, PhnEx=  extradiol
dioxyganase?] 33 F%F 129 H4AE3 H23 H2(33 %) A5AEL Bcl. PhnD
£ BphD, TodX;} ofm|ixit wide] E’del wokrh o] AL o fHAAYY
todX1°] meta-cleavage compound hydrolase 3 A%l 3; A] AFRECE

4, phnE'Oﬂ %38 extradiol dioxygenase: catechol, 3-methylcatechol,

4-methylcatechol, 2,3-dihydroxybiphenyl %<& meta-clevage & < glC}.
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