21 ? PAHS
PAHs (aerobic)
(anaerobic) (Harayama,
1997)
PAHs 2
(multi-
component dioxygenase)
12" (intradiol pathway)
2 ,
(extradiol pathway)
(Cerniglia, 1992) 21
COOH
oitho 25 -CO0H
s M{ vl H m:rs. cis -muconic acld
2::] Dioxygenase 1i" Dehydrogenase Rg::IZH_Jzﬂi__. i H
PAHs cls <ihydrodial Catechad 5510 4 7 oH
2-hydroxymuconic
semlaldehyde
2.1 PAHs (Cerniglia, 1992)
PAHs
PAHs

PAHS
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1992)

R |
Newinwjainn/lunna w

PAH
PAHS

PAHS

Yen

Serdal’(1988) Pseudomonas putida G7

Pseudomonas putica (DAVIES Evans, 1964; Eaton Chapman,
PAHs 1
upper pathway
lower pathway
(TCA cycle)

3 OH
Naphthalene Wl H
O O dioxygenase O
nah A //

Naphthalene Naphihalene gig-1,2-dihydrodiol

2.2

COOH
~

/J\'/OP Dihydroxynaphthaleoe o
dioxygenase

OI0) o
nah C @IJ

1,2-Dihydroxynaphthalene 2-Hydroxychromene-
o 2-carhoxylic acid
CP‘\"O«\ (HC A)

OH
- e
tHBPA OH Salicylaldéhyde OH
\%YCOOH hydratase aldolase O dehydrogenas”
nah E nah F
o] CHO

COOH

trans-o-Hydroxvhenzvlidene- Salicylaldéhyde Salicylic acid

pyruvic acid (tHBPA)

2.2 upper pathway (Eaton

Chapman, 1992)



Yen Gunsalus (1982) NAH7
P putida 2 (operon)
nah nahABFCED upper
pathway sal
nah G HINLIK lower pathway
2.3 (regulatory genes) nahR 2
wann (Yen  Gunsalus, 1982; Schell, 1983)
( Upper pathuiay W Lower pathway
—1 |A|B|F|C|E|D G|H|IIN|L|J|KF—

Naphthalene— Sdlicylate

O Salicylate

2.3

(Yen

Nah R regulatory protein

Gunsalus, 1982)

Salicylate— ) Pyruvate + Acetaldehyce



Ensley (1982) Ensley Gibson (1983)
PAHs
(dioxygenase)
(multicomponent  enzyme  system)
ReductaseNp FerredoxinNp  Terminal oxidase ~ ISPNP 2
large subunit (a2 small subunit (P,)
(hydroxylation) NADH
NADPH ReductaseN FerredoxinNp  ISPNYp
ISPNYp 2
' DR | 24 D. putida
G7 NCIB 9816-4  ° ' 1
nahAa  nahAb  nahAc nahAd ReductaseNy

FerredoxinNgp  ISPN¥Plarge subunit (a2) ISPNYsmall subunit (P2
cluster (Yen ~  Serdar, 1988)

Naphthalene Dioxygenase Naphthalene

NAD(Pp ReductaseNtp Ferredoxinyae ISP, 40
NAD(P)H+H Reductasefjlp Ferredcxingas (/\

"H
Ve,

88

cis-Naphthalene

dihydrodiol

24
P. putida G/ (Yen
Serdar, 1988)
PAPIs
nah p. putida G7

PAFIs o

[nah-Wke) ndo dox pah



Kurkela (1988) ndo (1aonsc) cluster
P, putida NCIB 9816
Ferredoxin, ISP large subunit small subunit nahAbACAd
p. putida G7 (ranna)
Denome (1993) dox
upper pathway Pseudomonas C18
cluster nah b, putida G7
d0XABDEFGHII doxABD 1 ' '
ndoABC b, putida NCIB 9816
Kiyohara (1994) pah b putida 0US82
par
cluster nah b, putida G7 |
NAH7 , L s naha b, putida G7
NCIB 9816-4
Bosch (1999) nad b, stutzer AN 10
cluster

upper lower pathway
NAH7 pWW60'1 p. putida G7 NClB 9816

nah

nah

Romine (1999) PNLL 184
Sphingomonas aromaticivorans F199
[ -

nahk nahbD nahfF 3

nah



upper pathway

lower
pathway nahG
lower pathway
Laurie  Lloyd-Jones (1999) phn Burkholderia SP.
RPO07 phn
PAHs
phn cluster  prnrecoacads
nan nahAaAbACAdBECQED
phnAcAd ISPaP subunit
PhnB ( )
PhnC Class Il extradiol dioxygenase
PR phns vane o Piputida G7
Zhou (2001) nag cluster
Ralstonia SP. U2
Cluster nagAaG FIAbACAdBFCOED
upper pathway NAH7 29 H
downstream 1290 L cluster

nagJIKLMN

(cotranscribe) cluster



2.1.2 .,
PAH
1
Beijerinckia Sp
Gibson,  1984) ! 1
-1,2-
1,2-
KomatSU (1993) Pseudomonas Sp
18-
(1996)
Pseudomonas aeruginosa PAO]. (pRE695)
NAHT7
AN
1 -2-
-1,2- 1

1,2-

(Schocken

1,2-

Ad

Selifonov

2.5

10



11

OO acenaphthyiene

| D{oxygenase

Y

H(\

10H
’O c/s-acenaphthene-1.2-diol

l Diol dehydrogenase

HO ¢} HO OH
N == i
=

1-hydroxy-2-ketoacenaphthene 1,2-dihydroxyacenaphthylene
Dehydrogenase

O 0

O acenaphtho-1,2-quinone

spontaneous reaction

Naphthalene-1,8-dicarboxylic acid 1.8-naphthalic anhydride

2.5 Pseudomonas

aeruginosa PAOL (pRE695) (Selifonov , 19%)
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2.2 ? PAHS

PAHs (Hybridization) (Ploymerase
Chain  Reaction, PCR) (Cloning)
(Transposon mutagenesis)

PAHs
PAHs
PAHs
22.1 (Hybridization)
(DNA probe)

PAHs upper pathway

(heterologus probe) (low stringency condition)
PAHS nah
Sanseverino (1993) nana

NAH7 P:putida G7 P. fluorescens
5R, DFC49  DFC50 15.6

( NAH?) 185
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upper  lower pathway NAH7
Goyal Zylstra (1996) nah EcoRl
15 pDTG112 4 yuiica NCIB 9816-4
testosteroni 3 GZ38A GZ39 GZ42
3
1 nan nan
2
Foght Westlake (1996) nah ' ' NAH7
PWWED 4 putios G7  NCIB 9816
pLP6a 63 P fluorescens LP6a
nah lower pathway
upper pathway 18 nah b putida
G7
Hamann (1999) 408
ISP large subunit ). putida NCIB 9816
20 PAHs
Pseudomonas 5
Gordona, Mycobacterium  Rhodococcus  Pseudomonas PAHs
PAHs
Laurie Lloyd-Jones (1999) nah
pan b putive 0US82 nan b, putida G7
phn Burkholderia SP. RPOO7
, phn nan



phn

phnFECDACAdB

nahAaAbAcAdBFCQED

G7

2.2.2

Herrick

p. putida

Laurie

phn

p. putida

Wilson
(RT) PCR
mRNA

phnR

phns

14

nah

nahR P. putida

(Polymerase Chain Reaction, PCR)

PCR
(1993)

G7
PCR
Lloyd-Jones (1999)

Burkholderia Sp

PAHs
nah pah
G7 phn

(1999)
, 1

PCR

p. putida

RPOO7

p. putida

nahAc

PCR

nahAc

G/

OU882 nah

nah

Reverse Transcriptase



2 ndoB dntAc P, putida
NCIB 9816'4 Burkholderia Sp DNT
Laurie Lloyd-Jones (2000) phnAc
nahAc |SP |arge Unlt Burkholderia Sp RP007 P.
putida G7 PAHS
Competitive PCR PCR
phnAc
PAHs
2.2.3 (Cloning)
Shot-gun
(genomic library)
PAHs
(Ensley , 1983)
(expression)
Ensléy (1983) upper pathway
NAH7 p. putida G7 E. coli HB].O].

E. coli

E. coli
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NAHT7
2.6
PAHs
PAHs
PAHS
dox
Pseudomonas Sp C18(Den0meS, 1993) phn Burkholderia
sp. RP007 (Laurie — Lloyd-Jone, 1999)
e
@j CH,-CH-COOH Tryptophanase @'] Naphthalene
N N dioxygenase
Indole
indigo H
(o} OH = 4OH
O Air m Spontaneous CM Ry
N X N O oxidation N e‘l)ifmw::ieorn N E‘ oOH
Indoxyl
o cis-Indole-2,3-dihydrodiol
2.6
E. coll (Ensley , 1983)
Yang (1994)
1 I PV\NVGO‘]. P. putida
NCIB 9816 Shot-gun cloning
( )
PAHS

PAHs



P. putida G7
NAH7 (high stringency condition) 2
KlyOhara (1994) p. putida OUS82
pDIL
pDIL 5
putida OUS82
pahA nahaA p. putida G7 NC|89816'4
Goyal Zylstra (1996)
Comamonas testosteroni GZ39
2
p. putida G7 P. putida NCIB 9816'4
Laurie Lloyd-Jones (1999) phn
upper  pathway
Burkholderia Sp RP007
PAHs 100
phn

17

PAHS



Ensley (1983)
PAHs
, Colony hybridization
Kasuga (1997)
(extradiol dioxygenase) - Terabacter SP.
DBF63 ? Shot-gun cloning
4-
dbfBCc
primer walking ,
cluster
avisc, ORFL3 IS
lwabuchi Harayama (1997)
Nocardioides SP. KP7 ' :
degenerated primer
29 ,
PCR 71 bp
7
Open Reading Frames (ORFs)
0-phthalate 3 4 ORFs
ORF o 1
phd - ORF1 phdK
ORF2/ORF3 ORF4
ORF
Cluster nan
(partial gene
library) Shot-gun
Werwath (1998) ! §1d A 1 -

Sphingomonas Sp RW5



(partial gene library)

355
Colony hybridization 1.2
degenerated primer
1,2' Sphingomonas Sp
RW5
2- Class
Ring-cleavage dioxygenase
2.24 (Transposon mutagenesis)
(transposons) (locus)
(transposition) (translocation)
5 (composite transposon) Insertion

Sequence element (IS element) IS50L  IS50R
(Reznikoff, 1993)

(transposon mutagenesis)

PAHS
PAHS ' ,

MOHtICE”O (1985) P. alcaligenes pDBT2
5



2-
Sanseverino (1993) P. fluorescens 5R
NAH7
Tisss 5RL
1 -2-
2-
lower pathway
NAH PAHs
PAHs
Harwood (1994) P putida PRS2000
4- p-ketoadipate 5
chemotaxis 4-
peak chemotaxis  4-
cluster peaR KF
chemotaxis 4-
Foght Westlake (1996) b, fluorescens LP6a
pLP6a 63 '
2- NAH7 n5
59 ,
PAHs

upper pathway

lower pathway



e — s

Inu::mau gniu:u;‘nuﬁ; 0]
e SNRInIaI ey &

lower pathway upper pathway 18
nah P. putida G7
PAHs
PAHs PAHs
R0mlne (1999) Sphingomonas aromaticivorans
F199 PAHs Tnd
)
PAHs
|UreSCIa (1999) Pseudomonas Sp Ml
mini-Tn5 '
mini-Tn5 N22

Southern blot analysis

I 0 mini-Tn5

myrA, myrB, myrC myrD

PAHs
PAHS
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