a
UNN 2
USnAiassuns N

arsnadlardnaslsunmnlalasafuen  (Polycyclic  Aromatic  Hydrocarbons,
PAHs) \lunguanaiaiiidlassainluanatssneudanssestnnin fus 2 sadessiany
dnwnuznsdensiety e awerlanin 2 asfegRnfudedldafuey 2 emewsaniy
nelanAnanaiimfuey 5 vie 6 azrenill PAHs Ustnaudanansiiigasiassakiondn
wansiniu 35 aila  ussusacgmslassafrandndszneudaseyiugsine] PAHs iilu
m'nJa‘:nwﬁw‘s‘*ﬁ"f;wuﬂutﬁﬂuﬂf*jqu'lﬂluafqu.':mﬁauvvmmmdqﬁ'\ U wazemAtaRean
nszuaunsdaAziA TR T thiTuRy dowdiu muv?eﬂmngagj’luﬂffm'\nqm
W uazdafiaanfianssneineg 19y 1y s lvdidemasu@inlszinfu nsdn
wirnseusl dleans PAHs Uuileuludeuanden azanéelufswadesiiunaunuiiesann
filasaaitnanaiiadusuaziasnflusssudazeyluaoncasads  avaneirlétien
wn  sangngalauasdwildetumage  ldeaefldemuessumadiuan
(Grosser uazmni, 1991)

@17 PAHs 793 16 18a 111 uwansau Ruuuvizu Hgeausudunasingu dusu
m?riﬂuaﬁm":éﬂﬁryéq The United State Environment Protection Agency (USEPA) Am1s
alunquassansrensfinfidesindneanandewandenatinasason (Cemiglia, 1992) &
uamelugd 2.1 amnsoutisennlszney PAHs muswalnanald 2 nguia ngu PAHs
fanaluanasniiu PAHs fszneudaenseslsnin 2-3 a9 uAZNgH PAHs Aitinalnana
goilu PAHs TirlszneudannsaTsnanaewst 4 aetuly

naanuwesRanssney PAHS 819iaNNSELaNIMINIENIW 1A LAz
NI (Ashok waz Saxena, 1995) Tannszusumsnsdanmineendanistatgans
Taeqauvididunszusunsdrfylunisindmitasspnuniufivaesats PAHs Jeqauvsd
usinznguaziing lniewizuazumnsiaiulumstiossans nstiasaanuasilszney PAHs #
ﬁuqaimaqaﬁ"lLﬁm‘%u‘lﬁ\hﬂndﬁnziuﬁﬁma‘iumqaqa Fafunnstiataaneans PAHs Hiluoa
Tuansgedtdgnisdaninlaeqdunitenasiasanduianssusoniu WIBNITLIUNS
TAwmue@sy (Bouchez uazaniz, 1995) MmeAnmdanalnsineg RiAtadesiunszuaums

¥ '
deugans  PAHs  AudlmndrAtysiensldidudeyaiugiudmiuienafuvsemi



UssAnsnnunflunssuoumadanistiaaanuAaINessNTnd  (bioremediation) vl

v a <l ¢

nmaziarmuanqauysilss@ninminenidaansisznay PAHs 8anaIngauinden

q

Naphthalene Acenaphthene Acenaphthylene Fluorene
O L
I NN —
LN N\ 7
Anthracene Phenanthrene Fluoranthene
28 >
S
N ANELE

Pyrene Benzanthracene Chrysene

"

S “ .Q OO
Lo WS oo
Benz(b)fluoranthene Benz{k)fluoranthene Benz(a)pyrene
Dibenz(a,h)anthracene Benz(g,h,)perylene Indeno(1,2,3-cd)pyrene

1% 2.1 TasasF19raeans1lseney PAHs 16 1iia



2.1 BT AUUNDY

) < a o o a d. 1
LAUUNNT T UANTUsENaLBUN ?ﬂmuﬂnu\ﬂuﬂqu

Usenaugasansuaunaslalanaufinutudueclsunsin  laafcaundn 2 wuazlalas

sy 1 2afinnsiFeeiafiungu (cluster arrangement) wasdlantAnIAANLAZNNEATNAY

4
LAAQ A9 2.1

a o ] ) -
ANTIN .2. 1 LAANANUANTIIANLRCATEATNIDIDTALUNDU

PAHs

autlR BYTUUNTY
ansluana ChHi,
f&wﬁ’n‘imaqa 154.22
deaniiey azTuuNTu (acenafeno)
nuneLar8Nan1aail (CAS Number) 83-32-9
AANNEIIANNNY 1.189
ANABUNAT (°%) 95
qo1Aen (1) 279
WAL T 7.76
pausule (Hadiwnssan) ﬁgmuqﬁ 25 °% 3
ngazane (NaaNTu/ane) ﬁqmuqﬁ 25 4 4.3
Logk,, 3.2
Henry's law constant (Ug98NA X qﬂmﬂﬁmm/?im) 1.46 x 10"
Anwouzilsng Wus@an@ena

uHNEIWe : logk,, = A1 log 183 n-octanol-water partition coefficient

NN NTHAGLIANNATNL, 2547

filassa¥ralanana




2.1.1 WHRAIMIUARSTUUNTU
NuarduLunGudanlsenavrasinduAvaInauiie  1,700-1,800 Radansuse
v v )
Alanfumdudy andiasndenil 147-348 Hadnfusenlanfuiniufiy aduyys e
a a o 1 a a aa X a
Ulnsadl nansusianntuin aainnisenndivaznszuaunsinlsadarandamnaines
38 (Jones warAnLy, 1989) lardesneus wananninuarduunsuaInyadeNlaateanun
| - o a o o j -
anlsseugaamnssuiineaiunanisiouenuazinmiidald (Wilson usy Jones, 1993)
Tlasplinaransinuuad eI ININarauund RN 1 lunsARANAN 1T1Y WUNEIANKLEY
lalass vialdnamad wanamn uarensinuugs (U.S. EPA 814lme Pothuluri wazAnse, 1992)
o =l o o ) o =
annsiesiuundulildlunssuaunisgrainnssusingann n1sauds Msguainm saama
o o s o Y = <l % = 0 ‘OI = o
nsindanInaeadeangaaivnssy inlderduuniututenlueinia fu uwnsaiionu
wazin AR (Mattox way Humenick, 1980) Tutsanalnenunisuiion asfuuniuuay
PAHs a9adu ludmzetBnagasvnssuilsannEamdniinunuaing  Saminszaes

(W9eF qunswning, 2533) uwarluainiAaangannumuasvuLEIngluRoudunI

a3147 Ineans PAHs gngadulaesuareassruiadn (nsupruaNuais, 2547)
212 anufluinvasezfuundu

= o G aa ’ : ¥ ) v a @ a 1"

arauunsudniuasinansenusiafawindan naliiniaAsduieiuuy
e~ o .-3" o’ til v v [ ¢ yoa ° Yo 1
RaunduuazuuuiEedy  Teedacauwdindn 413 lulasniusiednsinldsedeuesan
. = < .
Pimephales promelas fiwgAnssuaeed (Caims uas Nebeker, 1982) wazaansidindiy
970 lulasnfusiadng inl¥dndunsne (Holcomb uay AnLy, 1983) nisAnmAadlufis
saszuLRuiugluny TaelderfuunGuilfann 0700 faanfusenlaniiniwindasiady
Wngnsawizamsiasieiuuin 13 §lanst wudmpnadlisiinuiialng uwinydaded
wntnresildsnasatniaanadasiuniminnuiianasasiliuazuagn (U.S.EPA, 1989)
al#ifansnanewug laeasiinasieitadiuuaslnesdndinesgnaooun anisnananug

luaag Cadida scothii (Imshenetskii kazADLY, 1985)



2.1.3 nmsggEansuasmMadEnIasesTuunsulufsuinaas

o

nsuanaasresesFuunaulueiniadoulugiiduliizaneendindulasuas i

Re

ayyadasrlansenda (hydroxyl), ueaABNTA (Alkoxyl) USZIWEIBNTA (peroxyl) ail
UffsnfuayyedaslansaniafinudiAyfign doumsuanaasaatanlsznay PAHs
luAadu iRy uas Au LﬁM'\nﬂﬁﬁ?mms‘umnamﬂﬁqmi'] mstieaaarelasdonn
wuldeendiau  uazmsusnasalanues  HevuuassAATIRrees Nyl

: " o
RAUIARANAIANTIN 2.2

1 " J 1]
ANTNT 2.2 LARIANATITIATRRsTuLLNTUluR W AdaN

Awwonden FANASITAR (T31.) ABBLNE
2NA 0.879-8.79 AMNLFiFeneendindulaeuas
(photooxidation)
Au 295 — 2,448 AN sAnEn luasduiAuwuu e

(12.3 3u) (102 Fu) A8NTLAY (aerobic soil column test)

WlaAU 3 — 300 AUIUAINUTTFIINITURANARE ATEILAY

(12.594) | (photolysis)

LN 590 — 4,896 Auannastiaggane tasdaniwlusauuuld

(24.6 1) (204 ) 28NTAU (aqueous aerobic biodegradation)

#inN : Howard uazAnse (1 991)
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2.2 nsTuluMsHatdatt PAHs A28 8N EInIAgULATILSS

=y

nsteagaeanssznay PAHs lunnasiifisandiaulanqfuvizduiildily 2 30Re
ad J 1 a A’ a b r-:' a a Y o a‘ o i
asusnadoulugjinmauluwuphie GFuannisdneendieuliiuliananiuacy
waswihidalalalaslaean (cis-dihydrodiol) (Cemniglia, 1992) Tmanisiieljizense
sruueulmilaesndaua  (multicomponent  dioxygenase) A nvusalizensielae
dalalalnslaeeanlalasiiua (cis-dihydrodiol dehydrogenase) laliuasaywuslszum
lnlansenda udaansisfuiindrnunfinea (catechol) axgneiatanesalananiaariin

ac] ] <4 b %3 o o/ '8 < ]
madtnsuanaauuduuy eels vie we  wamdngipansnaalnsafuendansialy
(Habe uar Omori, 2003) WAtNgaqauvstualisazldiulusendauaiineandian 1
azman ndaserlsundnlfiduueiuiinenlasd (Arene oxide) anuuwanlalasiauuazmy
lansandaasluluianalaefianssuaasdnanlaslalasiaa (epoxide hydrolase) linansitust
. . o J = o Il

T nrwalalalaslases (trans-dihydrodiol) WiagnatnikiinisdnFealassaialmilsidu

aypiuflssinniues Awanslugl 2.2

/ COOH
ontro-cleavage S .
L NAD NP e o )

“n;
NAD+ 2 Dehydrogenass
n/ a o n/ oH \ cHO

Catechol meta-cleavage I saoy

Dioxygenase
0+ NADPH +H* .
R cis-Dihydrodiol

L
Aromatic compound MendoRmgenes Epoxide hydrolase
! / S &
i
/ trans-Dihydrodiol

Arene oxide \ ©/
R

Phenol

U7 2.2 Amstianaatuanssznay PAHs MialuedanedannlasuuaiiGeuuyld

f8nTLaY (Cerniglia, 1992)
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2.2.1 DNSLRLFRRLUNEIAY

wunanawiluanslszney PAHs fiilassa¥iraing naneAeUstnevudagaauwd 2
rdentu Avinslduumenduiudunlunisfnenidnnsdesaanesaaaduiineades
Tanstianaatanssznay PAHs Tilassaiadudeusianm fosnenufinday
’Lm;jquﬁw?‘imsﬁnmudgusi*mq‘?igﬁlmﬁumstiﬂﬂammmwmamﬂwﬁ’n ANTIEITUUTN
189 Davies uaz Evans (1964) fingnafennstiesganeuunanaulae Pseudomonas sp.
RaNNilseewIn Pseudomonas putida aeWug G7 HAITNANITH NTERARELUNG)
a1 (Yen waz Serdar, 1982) neFuannmaiineaniiay 2 azpeudndsiusygreinsesls
wdnlsdn  Fa-1.2-wunsnaulalalaslaena (cis-1,2-naphthalene  dihydrodiol) @ati
Aanssurasuunananlneandaiua (naphthalene dioxygenase) (Yen way Serdar, 1988) a9
Usenaudanszuunianaureseultsimaeaiiadannis (multicomponent enzyme system)

éun reductase,,, ferredoxing, WaT terminal oxidase i#a iron-sulfur flavoprotein
(ISP, sp) fisyneudaemiianeen 2 mise Aa wisedenuaann (Ol-subunit, large subunit)
wazudaeeasiing (B-subunit, small subunit) (Ensley was Gibson, 1983)

nsselfiisenlamsendiadu (hydroxylation) sasuunsaulaeandaiuaizuainnis
darinuaesBiEnnsauann NAD(PH U reductase,,. annsiugasialuis ferredoxin. uaz
ISP PNNAGU @AYTNE ISP, :Lﬂuzﬁqu‘?‘iLﬁ"qﬂg‘]ﬁ‘émimﬂmaﬁfmnmﬁu@ﬂn?mu 2
ALAANINLUMT VIR NG AN ANARA U Fa-1,2-uunandulalalaslaeas Awwansly
gﬂ.l*?'i 2.3

At 7a-1.2-wunsaulelalnslaees azfdewdn 1,2 lalaasenTuunaay
(1,2-dihydroxynaphthalene)  uay  nm  2-lamsandlasfiu-2-anfuendan  (2-
hydroxychromene-2-carboxylic acid, HCCA) #rauaaminaasuunsdulalainslaaass
lalastiug warlalansanduunaraualalnsaiue mudify aaniunsa 2-lansendlasiiu-
2-afuendan  azgnesndladidly  nrwa-eels-lansendiuwddaulngin  (trans-o-
hydroxybenzylidenepyruvic acid, tHBPA) Tas HCCA lelmiueiss udaulaeuily
1dlaueanlas (salicyaldehyde) auldiilunsaandladnlnanisdslfizenaaslansina-
wenlaiad wazandladarladalalasiiug ANANRY FaFendtiIAdnnstesaaedauLy

(upper pathway) Aauanalugii 2.4
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OH
OH
NAD(P)H + H* Oxidized QXOxndlzed X»Omdnzed QX
NAD(P)+ ‘X Reduced Reduced Reduced “
Component Reductaseypp  Ferredoxingap OxygenaseNAp
Subunit composition o o 03B

Prosthetic group  FAD, [2Fe-2S] [2Fe-2S] 3[2Fe-2S], 3Fe(ll)

el’ 1 aan a = = i ac < (%
71l 2.3 masalfiFunsEneeniiaureuunsaulneandaauariullszunaia
wunsndulaaandaiualu Pseudomonas putida antWug NCIB9816-4 (Gibson UWay

Parales, 2000)

antugdwiddaulngazulasunsamalsanlyduusiices Treadluaslansen
3188 (salicylate hydroxylase) Tatupfines aztisaganesalasuanauuuduuuy aels vie
a1 aunsseldranineiiy dadtalae (succinyl Co A) yiaazdRalaia (acetyl Co A)
(Yen uaz Gunsalus, 1982) uananiisdwiadusiintedinistenaantnsasnaladnili
duuptiaes wilasunsaanalidnluifunsanuian (gentisic scid) M4 Rhodococcus
sp. @1EAug NCIMB12038 (Allen uazAuz, 1997) uaT Ralstonia sp. §eWug U2 (Zhou
wazAnz, 2001) Taensaauiidnazgneandladliiiunnsdalnglon (maleylpyruvate) ot
Aanssureaaunian-1,2-lneandaua  (gentasate-1,2-dioxygenase)  uazlAndnsiu
gavefianansodnigdnensalnzmfuenddn Wud Ingum (pyruvate) ues wanum
(fumarate)  BunddnistisnaaufusnsaTAlsAnaunsilauARfusTdNg3dnanen

Tnsanfuandandnatinnstiaaaanagdouan (lower pathway) Auanalugila 2.5
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Naphthalene

l dioxgenase

cis-1,2-Naphthalene dihydrodiol

l dehydrogenase

HO
OH

1,2-Dihydroxynaphthalene

l extradiol dioxgenase

OH

O
it
4

2-Hydroxychromene-2-carboxylic acid

l (HCCA) Isomerase
OH
F COOH

Trans-o-Hydroxybenzylidene pyruvic acid

l (tHBPA) Hydratase-aldolase

OH
@
Salicylaldehyde
l Dehydrogenase

CC
COOH

Salicylic acid

g1l 2.4 Fuurenstiesaasuunaidulneuueiie Pseudomonas sp. (Davies UaY

Evans, 1964; Yen W@z Gunsalus, 1982)
Y11t A3 TUNTITBUNIINA

MUNNUAY

Hoid i»‘iﬂ::ud”tﬁ ?555

v
FUWNevniirimrrininsin i

DU vernens }318389 .....

AUTONHITITD e eeeerereneere et i




L

Salicylic acid

AN 1 b
Meta pathway CI;_ Ortho pathway

D o

1 Catechol \
o~y
-

2-Hydroxymuconic semialdchyde —
1 cis,cis-muconic acid

vy
2-hydroxymuconic acid

| 1
R R
(T

4-Oxalocrotonate

572}‘-—0

Mucemolactone

O0OH

~

/-Ketoadipate-cnol-lactone

[ 1
2-Oxo-4-pentenoate 3 -Ketoadipate

,g;q T

4-hydroxy- "0‘0“"‘ ricacid g heto‘ldxp\l -CoA

s 1
I (Lf -
Acetaldehyde pyruvalc 1_

Succinyl CoA Acctyl CoA

(}7)__.

1COA
1
Cu,

Acetyl CoA

Maleylpyruvate

R |

oom

cccon
xa

Fumarylpyruvate

<l

NN (;('Ol

|

—

reon joau
pyruvate Fumarate

14

U7 2.5 Afiangeanistanaaneuuns1aulneqdunatiingg 1) Pseudomonas sp. (Davies
way Evans, 1964; Yen waz Gunsalus, 1982) 2) Ralstonia sp. Mﬂﬁ'uﬁ: U2 (Zhou warAtey,

2001)
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2.2.2 NI dfu8sTUUNTY

avduunauduaslszney  PAHs  ARlasssFadudaundtuunsian  1ae
Usznaudaaasezisunfn 2 sadensaiuadlalrsmumy 1 29 seuRiaatunisties
] l al (4 1 -J f: =
asuerauunauiinuiunaustciinnsAnmnauysobisluueiGauazs o
A 1] o : 1 1]
amnsoagluuAnFantesasnariuuniuldfmnsman 2.3 Taadaulngduntstiongans
wunnlasuuladtassaintinanaliillussisdunfaliadineg  SuusfiFaucatisianuns
v - - - ' o - [y
tangaparduunsuine MiuunsndnuuazAsuauls

al =

AN379N 2.3 LUANGaNaIuIsntiataa eI uuNT Y

o a
wuAnLTe

3 =
BNATA N

Beijerinckia sp.

(Sphingobium yanoikuyae strain B1)

Schocken WaT Gibson (1984)
(Khan uazatde (1996))

Beijerinckia sp. B8/36

(mutant strain of Beijerinckia sp.)

Schocken L&Y Gibson (1984)

Alcaligenes eutrophus

Selifonov LazAtLe (1993)

Alcaligenes paradoxus

Selifonov LazAe (1993)

Pseudomonas sp. A4

(Sphingomonas sp. A4)

Komatsu uarands (1993)

(Pinyakong uazandy (2004))

Pseudomonas sp. A2279

Selifonov warAnLe (1998)

Sphingomonas sp.

Hormisch wazatdy (2000)

Sphingomonas aromaticivorans strain B0O695

Shi uazAnLE (2001)

Sphingomonas sp. SP2

Saiphet uara (2006)
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Schocken uar Gibson (1984) WL Beijerinckia sp. ﬁﬁﬂ’)’mﬂ’m’li‘nlun%‘ﬂﬂﬂ
aaeluWiald @wnsotessauesfuuniusaniverduuniduuuulreaniiadulsed
Tutiiafusamiiuatin wudngnansaulasulaseeisesdumiuiuesfuuniven
(acenaphthenol) TasanAenanssurelulueandama uaziianszurunislalasandinduls
naRAuTIuesduUNGluY (acenaphthenone) uéqq'mﬁmzqnaani'lmﬁoﬂﬁ‘laimﬁma
Fu 1-lasnsand-2-AlaacGuundu (1-hydroxy-2-ketoacenaphthene) was 1,2-lalansand
BYAUUNTAY (1,2-dihydroxyacenaphthylene) Faflumnues uazavgnaand lndvzesand
faamlalasdiuauasdsinnag aunaneiiuasduuniumiluu (acenaphthenequinone) 11w
rARSUTIRAYNY W&Adn Beijerinckia sp. iaansauanaslalaaumuls (ﬁqqﬁutﬂ"a‘ﬂu

dewtlu Sphingomonas yanoikuyae strain B1 (Khan uazAme, 1996)

Komatsu WA¥AMT (1993) Wud1 Pseudomonas sp. @eWuf A4 amnsald
<l < = act ) [ ¥ o ¥ < ] =l =
azfuunsuuarasduuniauiuundsafuauuandaanuld uasiinstisusaneazduunau
TaamaBumy]lansendalasfianssnaeseaniaiualsiiu 1-azFuuniuea TEH

o .J | , > .
1-azfuundluy (Haqiuaewdeds Sphingomonas sp. eneug A4 (Pinyakong Was
Atz 2004)) uazlull 2003 nudnaeiug A4 awnsalaeulassa¥es nem 1,8-uunen

aulamfuendaniu nem 3-lamsandnansndn (Pinyakong, 2003c)

Selifonov wazAmY (1993) senwNTstiesasearduuniulae  Alcaligenes
eutrophus W8T A. paradoxus fignaunsolfariuunay malaen wemauiian Whiunss
ANFLBUUATWANNY  NudrevduunBugnifiveaniiau 1 avmenasuwaslalramumuls
nanfnurifueruunaues aanianssuasiutusenidiug wiwniuasgneandladéon
neennlalasdiua hily 1-lansend-2-AlnezFuuniu usresfuuniulanasiaihunitn
wef uazgneandladviasnaduazuansaliies vnldaslslaamumuunneanaulfidiunse
1,8-wunsraulaAnfuendan uaznsa 3 lamsenFiavdu-1 2 lamfuendan Auanslugli
26



Acenaphthene

l oxygenase

H

o

1-Acenaphthenol

Dehydrogenase

o

1-Acenaphthenone

|
X

1-hydroxy-2-ketoacenaphthene

l

H

O
o

O
O

1-acenaphtho-1,2-quinone

COO COO”

&
1L

1,8-Naphhalene dicarboxylic acid 1,2-naphthalic anhydride

l

COOH
COOH

=

OH

517 2.6 A steaaneerduunaulan Sphingomonas sp. A4 (Pinyakong, 2003c)

17
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Selifonov waTAME (1996) Anmnistiesganuasiuunaulas  Pseudomonas
o & o] a a )
aeruginosa @1EWLE PAO1 Niltuuunadulaeendauauunatalin NAH 7 wudianuns
- o o o af o ~ . a =
nasulaseainarduunduiuiduasFuunues Lazesduunsiuy nanisiuaandiay 1
y L ] J ' A = . 1 oy
azpard AN 1 18IngummEln (methlenic group) TasnsisailiFenesinly
AANFAUA NARINBURANTAlawsTuls F4- vide nrug-ecTuuniu-1,2-1neea wsdou
Wgiindu  Fa-ezfuundu-1,2-lases  wargnesniladsnalalnsdua  usad?dninasu
. o o s J
narefuasuundusiluy  ussazusnsaliieadunse  1,8-lamfuenian  Fenulupl
waulalasd Wundadueigaiie Wil 1998 fimsmanumsisnmunisilaeulasaaing
~ o a Y 3. o & ° y o v
anvazduunsulaanisiinaaindas °C Aianfususumiien 1 wunsasulaseaiieaes
G =4 | < - = < )
arduunsudly  Wuerduuniues asBuuniluy  acFuunsu-1,2-lneea uar nga
1.8 laAsuandan  muasu  lanenAunisuasseantadtuuunedulaeandaiuanise

Uinzenlulueendinaluduusn

Selifonov uazAmE (1998) e uMmagauntsdesduuntuduunaimfuay
TaedimpTiansanannAfuausumish 1 1eseTuunaudan °C wudn mixed culture
(CREOMIX) utinannautiutieusilalansnansndessasesduumiuy 1-azduumiues
1-arduunaluy acduundu-1.2-loesn uansa 1.8-uumarawlanfuendan uazdleia
Pseudomonas  sp. A2279  degnansalferduumduihumasnnfusuuasndaanuld
(Selifonov W&z Chapman, 1996; sl wudn CREOMIX Midinanawug A2279 fins

Harduunduauiiuingafueuleaanlas

Hormisch LaTANY (2000) wenLUATFEAINLTRMN N M UaNIasRTuasLwilay

o A - i -~ 1} ]

a7 PAHs Wu 2 @reRufiamisaisiguuemsiiierfuunduvieasfuungan usll

a Py P al a - - -

ANNFDRTYLUBMNINTLLNEIAY AuuuyiFy ueunsdu gesusuiu Weeesu uazlnsu
A o al _a P o a alat o o el

Wamiunsard lsanwuiinnefiugannadyuuemsiiesiuunduniieasfuunsan  ua

nuasiatunf azduuniuas acduundluu uaznsa 1,8-uunsndulanfuandaniianwsoy

eld < i : o oo o € &
UUBMINUAZTUUNGY 1aeia 2 muwugwagﬂuamwu’q Sphingomonas sp.
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o g 5 A

Saiphet uarAnE (2006) lAARUaIN Sphingomonas sp. SP2 anndefiuitieu
soananAuinsdenlulszmalng  @aavug  SP2  anansntiesarduunduiiluumnas
AIFUBUUATNAINY uRlbianunsawsylaald PAHs giisau Toud wunsdu Ruwwvisu
wauns i lawulayusu Waesusudu Waeeiu uadlniu lunstesasiuesTuunduusy
Armzifaamaiia TLC wuannistiumg 2 9iia A1 R Wil 0.41 usz 0.63 AINAIAL UaL

Ai. =l o ) o o r:’r a < o - <l )
dafeufuannesgunudiasistuaiie 2 alla Aa nessidnlafnuazeruungu

_y d o -3 1 1] o - z 1]
AL Ay uasslfiuinnisdenaaaazuundulanaewug SP2 svulateiiu
arfuuniuedluudgneeniladaeliiflunsaaidnladn  ussiliduuvsimfuauuas

nasusalyl

tlaqiiufiiiien Sphingomonas sp. 8eWu§ A4 RiinashanAnmatinsediasly
o a4 aAd v e : ~ a4 : - A o Adad v e
srAutuMneadesiunstesgaasesiuuniy JnanmeazitesldluGestiuninaadesiu

] =l ) ]
nstiesaansasduuniusaly
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2.3 funnaltasnumsteadanadsilsznau PAHs

o o < v as ’ o
2.3.1 ﬂuﬂkﬂﬂ’nlﬂﬂﬂ‘uﬂ'\?ﬂﬂﬂﬂﬂ'\ﬂﬂ'\?ﬂ%ﬂﬂﬂ PAHs 1ululﬂﬂﬂl§ﬂu;n‘iﬂﬁll

faqiudinemannnafmatumsAnmiuiitesdasiunstesaasaislszney
PAHs luqduvistiiasine latuuAfiiFengy pseudomonad dhuuueiiGeiisiauannsa
golumstienaauanslszney  PAHs  asiinsAnmidufifeadesiunistienanns
anssvney PAHs luuumfiGungaiiatinesuysal aInsBauees Yen uhe Gunsalus
(1982) wunanaiia NAH7 Fifluafumstiatesauunsnauaes P. putida a1ewug G7 il
nsFassinrasiiuilu 2 Teulasau Ae Tewesew nah wszneudan nahABFCED ilszung
svadmieulasfludou  upper pathway Tneninmiiilunistiassanauunsrduluidiy
adlnan uazlanlesau sal Usvnaudne nahGHINLJK dszanasiagwiuaulailugdou
lower  pathway TaiuinilunistinsaanesnalnaatnumaLATireaLazHatdae
aunszidldifhilngunuazerivedlad Taoflsvuuiiumuny Ae nanR Feildaumicnt
swdnalewleseu nah usr sal landinsdaduadarestiulufisnamsatudna wuril
muqum%ﬁ’mumﬂwﬁ 2 Teuleseu Tedaamzaswilendr Wud sdlnesuaciilsiu

NahR Failundadtuiaintiuraunn nahr Auasslugi 2.7

upper pathway % lower pathway

A|{B{FJ|CIJE|D R LGH!NLJK———-
Naphthalene —— Salicylate Salicylate — Pyruvate + Acetaldehyde
O Salicylate

Nah R Regulatory
protein

a o e A dd v e ' -
z‘ﬂ'n 2.7 ﬂqiﬁ/ﬁﬁﬂﬁﬂ'n’ﬂ@ﬂu'ﬂLnﬁQ'ﬂﬂQﬂunq?ﬂﬂﬂﬂa'\ﬂuuWﬁqﬂulLa:?:Ullﬁ']nﬂunﬁl?

NMU89E (Yen uas Gunsalus, 1982)



21
o od oo 3 P
Pseudomonas f1eMugauniianuatunsalunistssasieaisilssney PAHs Wil
° y a - Ad aAd  y e .

wsluanamn 1y uunsauuasRuuwEy  ltuninaedesiunisteasauansilseneu

o o o o 2 o ' .
PAHs 3in13G3esiaARIaRUTY nah 984 P. putida a1eug G7 11nnd1 90% (Simon Uaz

4 v o

ALY, 1993) AsFantiunguildnfiunguadne nah (nah-ike) Aatniiulunguiminnsdnm
éun ndo 189 P. putida mﬂﬁuﬁ' NCIB9816 (Kurkela warAfuy, 1988) dox 184

'3

Pseudomonas mﬂﬁwq' C18 (Denome uarAle, 1993) pah 9949 P. aeruginosa mﬂﬁuq
PaK1 (Takizawa wasatuy, 1999) pah 494 P. putida mﬂﬁuﬁ 0US82 (Kiyohara warAndy,
1994) nah 183 P. putida #18WU§ NCIBI816-4 (Simon UATAMMY, 1993) AT nah 384
P. stutzeri atWu§ AN10 (Bosch wazAnsy, 1999) sy faetien1sdnEuaesiiungy

At nah WatiuuesNIstesasuuunNeIay Auanlugilyi 2.8

1k

- WL = e
o J[eoR = Dm) e
I P I, 1)
S DIED DB RN EIDEDIE
Ro [ a k[ e Do) ¢ D[ > [)
S [T I D B D KD L KR D)

o [ A Na)e ) ¢ [ Do) (o

ndo
MCIBeS

b

D END

U 28 malmeresfiunguadie  nah  Tudtuuaesnisdesasntuunsndures
Pseudomonas a1eWu§A14 lun P. putida aeug NCIB9816, P. putida sneug G7,
P. putida §16Wu§ NCIB9816-4, Pseudomonas @ euf C18, P. aeruginosa &eug
PaK1, P. putida #"&WU§ OUS82 uay P. stutzeri A1eug AN10 ANAIAY (Aautlasann
Habe uaz Omori, 2003) nahA: wunsdulaeandaiug nahB: wunsiaulalalsslaessi
lalnsdia nanC: lalamsanduunsidulesandama nahD: HCCA lalmewsa nahk:

tHBPA laasna-uaalasiaa nahF: 918 lauean lass lalasaiua



.4

%, ; 4 . .
UBNNRETITIEUNTANI EuINg st uNstieaattansUseney PAHs 1u

P | o of o o o ol - e & o i Y
wuAnFaistu daqiuiisamunaefutiuniinisGuesunnsiaaintulunguadie nah

d X e
WY Aduanalugiin 2.9

- /s Do Do B

an BRI B B
0w GRS DD DD B
RPOT  phn 7 ool o xSl

qUn 2.9 nquiudiinisGeedouansannguadie nah l&un nah 183 Comamonas
testeroni a1EWUG GZ42, nag 183 Ralstonia sp. 8 8Wug U2 use phn 189 Burkholderia

sp. AEWRE RPO07 (ARada1n Habe uaz Omori, 2003)

Goyal Ua Zylstra (1996) 1R8I nah Migadesiunistetsane My
wazwunaaulu Comamonas testeroni @1EWUEANT Wudngeiug GZ42 HAauuansa
AN nah 189 P. putida &g G7 TaelifadoyoaladladiuddueRiamu nah 7
afnanaauiapdlandens nah vunaalin NAH7 uaswutivllseuoasfamasiaandu
FANMA (nahAa) WafTaaniu (nahAb) ISP micatiatuaan uazmisatiaaian (nahAcAd)
#a-lalalaslaensdlalassiua (nanB) uss wanlannlalasdiua (nahF) usswing nahAa
WAz nahAb il nahAc2 uaz nahAd2 Mlszanasia ISP misutiesuasnh uazmisataniian
unsneg) uenaniifonEuRifinadestunsdenaaneRuuuruLazLmEndY phd 1898ne

Wuf GZ39 Faumnsiaannnguadt nah uazBiuiinuluaneiug Gz42
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Laurie uas Lloyd-Jones (1999) AnmEuiifgadesiunistengane iy
uazuuns @uly Burkholderia sp. ®1eWug RPO07 WU phnR uae phnS Falszaoasiia
Tusflumouan  uazwutiudszanamiauesiladnlalasdiug  (ohnF) lamsuna-ueslnies
(ohnE) laeandawa (phnC) lelseisa (phnD) ISP minatiaauaann uasiiann (phnAcAd)
ualalalnslaensnlalasdiua  (phnB) definsGasafhy  phnFECDACADB  Ansann
nahAaAbACAJBFCQED Tasdneiug G7 uarlinuiulszanasiamefiaanfuidininauas
waaandu usdialaau phnFECDACAAB $aui1U phnR W&t phnS Wy Escherichia coli
a1eWug DH50, wudraunsatenaaisuunsndusulinsaaaladnla waznudn phn il

o 1 o/ d. d’ P =
msnamumounumﬂLam'luu,uwmauuazﬁuuuwm

Zhou uaTAME (2001) T8I Ralstonia sp. AMEWug U2 FadNITOLiDBANTE
o Wydd dd v o ' a a -
wunaauld deuninsadestunistesgatawunsndusinulinaauian Taenwutivilszuog
sHaaTInandUTANIMG (nagAa) Wafiaandu (nagAb) ISP wisttinauaann uaswuoe
tinellAn (nagAcAd) Fa-lalalaslneesnlalastiug (nagB) uaz uesnlanmlalasaiug
J o o o/ - 1 i
(nagF) 3afin1sdmiFesiamiieuiu nah lunaalia NAH7 ussendng nagAa uaz nagAb i
4‘ s ' 1 o L) [l ] = o
nagGH Talszanasiamisataarasialias 5-lansendinaunsnay Taaiinisisesiares
o -1 ¢ or J 1]
fufall nagAaGHADACAJBFCQED WazWu nagJ/IKLMN Faszunasiatiuntdasaans
RUTILAAN AWML downstream 199 nagD TaeliaAnlusRuidszanasialag nagl nagl
WaT nagk Wudn nagl dszanamiadueulninaadesiunisdesaaiairuiiaaiiy
wuadalngon  nagl  dszmasimiluniagalngonlalrumsaimimiaaunnieds
Inguaduaizalngon usr nagk  dssunasiaiulalasisaviwimlalasladyuqia
Inguafluunsauaringon  uazpIdn  nag urRziinsnasniasauiuiulaneseuy

L o
AN
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finsrufeatuiulsnarinaulnidinstesaseanslszney PAHs 789
Sphingomonas  sp. ﬁmﬁmﬁ"mﬁf:ﬂqmaﬁutﬁmmngné'”uéquﬁumn%ﬁmsfjﬂﬂama
PAHs Anatiaiy ua:mulmyluuﬁamﬂﬁuiﬁﬁulumsziﬂﬂamﬂ PAHs umﬂ‘gmﬁaﬂﬂﬂ
AALANTHIAUTUANANTY (Pinyakong LATADMY, 2003a) 11 316974T8Y Romine UaS
ALY (1999) Aaafy Sphingomonas aromaticivorans F199 (mwﬁuﬂ%"ﬂu?;mﬂu
Novosphingomonas aromaticivorans F199 (Takeuchi WwarAndy, 2001) wudﬂﬁﬁuﬁ
{Rendasiunistionaas PAHs Lunanafiazunn 184 Alawa deltumefivalaneniaa
W 6 1a Feflamifiendesiunstesaaaanlsznevestnnanvanaaiia Bun luilia
wunanAu A 18 uaz WI21-ATTen SannsIEyRLiIesEusne nudEuRiRade
fumstiansasuunsnau 1un nahE nahD usz nahF SmsnszanuiegineiuuazgnAu
Fontuludinnstenaanansiu uandeuBouinudsunseesilurastiuia 3 Audsy
namaziiluflszanasiaanntulunguadng  nah wudrilwefidusaaamileuseudnein
wiilesananeiug F199 hisusodesuunsauliifumalaasld uaavidulszaa
sadinstesanuunsaudauLivnell  thasinmaumilanfulszanasiaeuled
dviAinstienasiaisiu Wy Andenamelufilefaansasa i Eiuansde
fudun Allanakrepdroiu doulidtisncling nanG Fednflusenistietaanouunsiiu
tunnauAiAes uasvinistassatsuunanduwluidtanseesaewug F199 litnumiauaii
pae ieanafieulniuiifiasdestunistesasausiinan uarlull 2003(b) Pinyakong
uazptiz  wufhumefiveeendduens 5 qa (ahdAflae] uez ahdA2a-e]) 189
Sphingomobium sp. 8tWug P2 uaswutiunafFaandu (ahdA3) uaziafFaanuisning
(ahdA4) \WERALAEY annmsAnE it iaaane itaeeniaima 3 qM (ahdA7[c-e] uaz
ahdA2[c-e]) Sauameeanlu Escherichia coli aneiug JM109 wu 3 1aulasd (AhdA2cA1c,
ANJA1dA2d ust AhdA1AZe) Timthilidalfisenmsnlanusalanesdaiuaisisiundly
AnnstiesaseNuuuvsuliiduusiines Fundueulnindlues  1-lamsandias
(salicylate 1-hydroxylase) 301 3 eulmiinnuduAUIMeRrenduuaseBaenduian

@ (AhdA3A4) gaLREail
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Demaneche uazAME (2004) MmsigadiendnsaluazAnmmiiaesiulszuos
minlaeandaiugann Sphingomonas sp. aeWug CHY-1 Taamisueniysiuainanewug
CHY-1 Tiaenluanmsiilasuussuumstaufhuumssanfuey wultlsiu 2 siafinendu
nemeziilufindremisudantineeanefseanddiug  wedninslaneslaeaniswa
1499 Novosphingobium aromaticivorans F199 [ensnuuusAnmuiefa@aniaauain
WaeayaREuInNEIENLE CHY-1 widilasuusnuss 3 By Ae Bullstunasiamesiida
aandawa (phnA1,, phnA2,; Tilsiiu Phnl) uaziesauaanadadn lanlnsaia (ohnB) Thaui
2 Wy 6 tulszunasiadnaslasealasandawma (phnC), Wafaandu (phnA3), TAnng
(phnA4), aandawua (ohnA1l,, phnA2,; llseiu Phnll) usclelseiss (phnD) aanms
AIAFBUNITNINULRY Phnl waz Phnll W E. coli wudn Phnl avunsatieadanslasduuss
aslungu PAHs Rifaaiuni@uninndd 2 29 dau Phnll 8WNe0tesaaumalagen uas
BYRUFIBITR LA uﬂnﬁ'mﬁ'lﬁnmﬂﬁuﬁ Sphingomonas sp. CHY-1 Whignansauan
Phnl wudraneugnarasanaabisnunsateslasiuuazans PAHs uassintiutlszuonsia
Phnl ansondneylnFibessanslasiuuasans PAHs sasanewud CHY-1 uazludl 2007
Jakocic uwazAmy wunlasea¥re 3 R aaslsiu Phnl aananewug CHY-1 iadnm

UTIUNIIUNUATHAIFAU

nsAnmEiuiineatasiunistesgataaisszneu PAHs 189 Sphingomonas sp.

o A 4 d o 1 1
aneug A4 uammaasitealiluGesstiunnesdasiumstiesaauarduundusialy
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o o (v ' <
232 ﬂuﬂlnﬂ')iﬁﬁn'ﬂﬂ'l‘l‘ﬂﬂﬂﬂa'lﬂa'\m?xﬂﬂﬂ PAHs 1“““'3“‘??1““5“‘“?“

Saito UATANL (2000) $1E1%91 Nocardioides sp. &tWug KP7 § phd Fatlsrang
siaeulnfinudestunistengaeMuayiuiumansian  (phthalate) s phd
dsznaudontiu 2 ngu Ae nguusnlsznaudon phdEFABGHCD szanasiaieulsfivng
wihilunnstieaanefuuiuli iy 1-lamsand-2-uunstuien (1-hydroxy-2-
naphthoate) War phdldK  szunasvauiviawiinlunstenaans  1-lansana-2-

wanalwes lidunsian

Khan uazmoz (2001) $1897491 Mycobacterium sp. @eWug PYR-1 fiAau
ansnlunstiesaa e ndy Weesusuriau Auuwnisu waunsdu wuld(e)Indu useny
nid  Tfidndudiapdlelnuaznsdairesiuiuandrsanduiiiaedesumstensans
anlsznay PAHs lunguadne nah Taefinnsduedadly nidpBA Fediwfulszanasa
neanituasesseiufiliifios nioBA Tissuansialaeendaualudon ISP misudes
weavhuazilin  mausdy  winstiudauiidsznasiaeRnenduuazneSaandiuEsn
N UBNANTEINLI nidBA HATMUANGNGAN natrike 3NNG1 60% uazlutl 2007 Kim
WaTAY ﬁnméﬂﬁuﬁqnﬁ‘[ﬂ'lwﬁv?wm'lu%‘?ummmaﬁuﬁ PYR-1 (eiAmiEuiannad

neadesiunstesaanslwiuauliidngipinsnaalnsmfuenian

1 4

UANAINI Larkin WaTAME (1999) uay Kulakov uazA (2005) flaldseanuntiu
: ‘J o 1 i
Nnsadasiumstssaanuuune fuIBILLARFILASNLANNLGY  Rhodococcus sp. @l
Wuf NCIMB12038 iiEuninuadasiumstissasauunsndunedumm  nsvanasguy
NA1aNe p2SL1 Tatwy narAa narAb uae narB Uszuaasiamicutissuaaniuasiinires

el a D) - < = o o =l :‘;
wunsnaulaeaniama uaz Fa-uunadulalalnslneasnlalasaiug Auansu wudiBuna
aufinsoansiafuiuiNenaUauaIFauUNE AUYTIY  TeadlanFoufisusdunsa
2:3iluI99 narAa uaz narAb fugnudieya EMBL uaz GenBank Wu91 narAa uas narAb i

< o <« o’ ' ' - - o o ac
AnNmiauiuiulsranamiamitstiesueaniuazinaasielansandianslansndaiua
(ring-hydroxylating dioxygenase) 184 Pseudomonas sp. Wt 31% WAL 39% RINAISU
uazliinutivlszunaniamefFaenduussineHFaandudanng uanaINUEINY narkR7 uay

} 9

narR2 szunasialusAunAruaunIsituesstiunguiidae
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@ o as ' <
233 ﬂuﬂlnﬂ?iﬂ@ﬂun']?ﬂﬂﬂaaﬂlﬂﬂzauﬂ“ﬁu

Wuilaatumeauiifasuiufifaadesiunstesaasesduuniuiiiensnn &
WENTIE9TUIRY Pinyakong WasANLE (2004) ?;a’s"nﬁamuﬁﬁté'ummm Sphingomonas sp.
awiug A4 FafluseiuiannmodesaaperTuuniuuareriuundauite 1 diluunss
mfusuuaendnuly uibisnnsold PAHs slisaulumasdyy fnenunsuenuss
Anmwihfisestumeiiasenidualidinstenaaneesduumiuduafousnluanaiug
A4 Tﬁﬂﬂuéuﬁtﬁﬂlﬂﬁﬂ?i‘ﬁ 6 Open Reading Frames (ORFs) ﬁquamlugﬂﬁ 2.10 &l
arhAT UAE arhA2 yutiinlssuassiamisttiesuaaniuazTinraslananiaiug Aussu
figndunsaaziilumileu 56% uax 45% Milisiu PhnAc uay PhnAd Tifadesfunisten
aaneuuuYIuIes Burkholderia sp. a1eug RPO07 uavdladmnguanfunsaeziitures
wisstiatuaanIwudn ArhA1 HansunsaasiiluuAnsaInmiatatuaan1 189
Sphingomonas sp. Anadad iaanannAd N zRasnsRsuTLAN AN s L
mefivaseniaafiuanarat uazain 6 ORFs hinuthunefiseniuusafaendid
Fna uamediEiune 2 a1segluBnnduy dedinsldinanaia pSA3A4 Feussqiuesd
AANTU (ahdA3) uazWefFRanTuTANING (ahdAd4) 989 Sphingobium sp. @1EWug P2
(Pinyakong WaTANME, 2003b) 'lummw»zaﬂuuﬁ'\"i‘;mq‘lﬂﬂﬂnﬁ%’maf-nnmuﬁut;f A4
E.coli U@ sneiasda tnsduuniu acfuunday uwunsnau MUl ueunsiu
uazwgeaususy usibitasaaneniu uazlull 2006 Kouzuma uazAne wutunefTaandu
(arhA3) BuefeenduFsning (amA4) usrBiumiunu (arhR) TRI3TINMItiaagane
acfuunsulumennug A4 agielinie  upstream  gesfiulszanasianzuungu
Taeandaiua waziinnsAnmnsuanseanaesdiudietinsmiianidanerduuniulae
mAYA RT-PCR (Reverse Transcriptase Polymerase Chain Reaction) ﬁ'ﬂuamlugﬂ'ﬁ 2.1
wuddieiinswiinnirdasesFuuniudanisuanseenlulanlaseuAenfuseusFoni
arhA3 B orf6 uaziileAnmnsuanseenaesiiu arhA3, arhA? e ariR Wudnfunugas
Al Real-Time PCR WUdnfin1suanieantasiiu arhA3 uay arhA7 nanawuiiiamieni
Fonariuunduuarbinunisuaseanteddiuin 2 @evnsnaneiuganeiug A4 Wi
anansavszanasia armr & (AJDR) wasnusndinnsuameantes amr dlamiaaiuarli

a o u - - ' o o o
MULIIUIALIDTTLULUNGY WU arhR Qﬂkﬂut]u’ﬂuaﬁ\’ﬂﬂﬂﬂﬂﬂﬁna'l
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ORF1 > ORF2 >|  arhAl >|arha2 > | ORF5 >| ORFo

EcoR]  Hindlll  Safl Clal  Clal Nael HindIl] Psil Clal Sall EcoR1

Al | S | 1

pU288E1

| ' 1kb
pUArhA1A2 ‘ '

U7 2.10 usnuruneuladinaTwIzuazLFons ORFs UNRALEUENAARE EcoRl 111A 5
Alala (pU28BSET) WaTLBUreamaueninsae Sall way Pstl 1W1a 2.6 NIAWE

(PUArhA1A2) U’a“ﬁ"ﬁu arhA1 Waz arhA2 Aan Sphingomonas sp. maﬁuﬁ: A4 (Pinyakong
WazAdy, 2004)

T84 A A AT S S b I ¥ 7
‘_l—-"-—z———’sd ‘51.6—’7 4'——-—‘-—8———-"__9__’ 10 4———7‘-——-}

arhl arkAZ whid : wrhdl ka2
(ORF7)  ORFSORFOORFIDORFIN (ORFI) | ORMY  ORFI4 ORFIS ORFI4 ORF C ORFZ (ORF) (ORFY ORFS ORVS  ORKIT

N 1 kb

7 211 usssunuiieulniindinizuaziione. ORFs uuRBWENAAGLY Kpnl 1110

16.4 Tlalua WazgNAs 2 NSUAAIBINANIABmALlA RT-PCR 989 Sphingomonas

sp. #ENUG A4 (Kouzuma UaTARLE, 2006)
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2.4 aandaLud (Oxygenase)

ad rn; 1 aan = = 1 a = o ol

sandanaidueulsdiisanliiBemafineeandiauunaisissnavduisd  Avane
1hia Tauansratunnalaseaiis nalnnismnenu wazmanusasnisiaaulasd (coenzyme) 1u

[ oo o aa v 1 [ % 1 aas <
nsnsisalfjizen Taeanansadauuneandauals 2 ngu sudnwuznasaliEen Aslx

aal aal 4' 'S ] aan a a ‘4
Tweendaiuauarlosandaue  Fueulsdansauljidenmasueandiaunilcusrasarnas
¥ o :/' 1% o o [ o U ac ao
dndlaluanaresanssiasiy mua1Ay  winisauunngureseandauauluiuaandaiua
v

wialaeandaiua tnaldrarnunnsinsrasdnrasmasaljisendudslidaian (Mason uay
Cammack, 1992; Butler uaz Mason, 1997) iasanilsnesiunaadiingdulaesndaiua
uazuunandulaeaniauaasnsadalfisenluluesndauals pegusnaandlad
BuAW (indene) warduwau (indan) iy 1-8usuea (1-indanol) (Wackett wazmoue,

1988)

InaandaiuaiiunundAylunistessaeanslsznavesisuninlunanadunay

Tnearsnsnduunlaeeniausnudneazaimaselizen Wi 2 ngu Ae

1. lasendAwanidsizenlansendiady wulafisianislaurnines (co-facter)
Wiy NAD(PH ludjfsennisidssantiaudasecisnsn  Idndadueiidy  Fa-laees

siaatnuanlmilunanil 1wy wunsnaulaeandaiug Aawanalugii 2.12
q ¥

H

HO
///",
"

H
% O, + NADHS HE s O‘ “Won  + NAD*

naphthalene cis-1,2-naphthalene dihydrodyol

31?1 2.12 masdfienlaasendindulpauunardaulaeaniaiua
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- A ] D OO - 1 1 )
2. laeendamanisalfitenisunnasezlsnngin wulnilunguilbisiainns
Taunnimef  Tulffannnsuanasezlsngn sesaseyiuslansenis (la- vive ns-)

sratneulmilunguil iy uaiines-1,2-laeandaiua Aauanslugili 2.13

OH
7 “COOoH
+ 0, —_—
COOH
OH x

catechol cis, cis-muconic acid

A [} oy 2 =
21t 2.13 masalBensusnaserlnndniaeuaiiaes-1 2 lnaanTaiug
241 Tasedsrsnasislansantianslaaandaiug

spuusnlunisAnmssuunisinnuresilansandiaficlasenidiua naatsla
aan3aIuAT8Y Pseudomonas putida Miwiiseneandladiundulihilu 3a-1,2-1alansen
Flalaaiangs-3,5-1a8u (cis-1,2-dihydroxy-cyclohexa-3,5-diene) faBuiinsAnmlanend
%‘mmmnq'ﬁuw‘%"é‘nﬁﬂgu—| 8tinand191919 leeandauadatlu non-heme iron dioxygenase
Faannroeandladanslssnevezlsunanléiiy a-lalalnslaeen vie nsnda-lasean§
UANTAN

Holansendieficlaeeniamannaiafissuumaautesaulnfussneudon
Tusiu 2-3 1im Tnwiifilusaddidinasenu Ae iron-sulfur flavoprotein %38 flavoprotein
WAz iron-sulfur fermedoxin Fearderindidnareulifameiiaeenidue Auandlugli
2.14
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NADH + H® /-4» cisdihydrodiol

O, + 2H®

NAD® -t ped substy ate

Jrom-sulphur flavoprolein reductase

Reduced

d' o = o ] o/ a a a ac
51U 2.14 NN3AMFTEITRITTUUNNIMINUIINTRIaR lansandiaialasandaiua (Butler

way Mason, 1997)

Batie uazansz (1992) ldauunlaaandauasenidy 3 nqu AINAINLANGIITDS

ANIULATTUNATBINUREEiael T unasNlaanTaUaRasIANING A

1. Class | Wulpaandawuanilsznausoeg 2 €91 A9 WMBSNNARANTALLA LAY

Fanma lae Class | anunsaudailungueaaniunsginsaaishin (prosthetic group) Tudau
Fanng i 2 nqueias Aa Class IA uaz Class IB 393 FAD uag FMN Aaa1sy

2. Class Il Wlulneandaaflsenausdan 3 dqu Aa efidasendaiua Faning
wavasinendy lasgnnsoutaiy 2 nqueiat ANYsTian [2Fe-2S] cluster 189
wafinandu Aa Class A wag Class 1IB @ail [2Fe-2S] cluster i1 plant-type iron sulfur
uaz Rieske-type iron sulfur AMNAIAL

aa ddl ¥ ] < e o ad = o

3. Class Il Wulpaandamanysenausae 3 dou Ae wasiliaeandaiug IAnng

ond - = a . .
uauinefznendy Inendeull [2Fe-2S] cluster THm Rieske-type iron sulfur 1w

a9AsEnay

<l P ' aa dl ' aca
ANNTNATUMAZIREATIBAIDEAF 19" raseulailnaandaiuaiisalfizen

lansandiadu 14 3 class 1oAuanalemnnsed 2.4 (Nam wazAnsy, 2001)
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td' L ] aal -=l' ' aas a o’ '
AN 2.4 uamnasvidaasiereaulnilaeendauandalizelansendieduluus

Lngu (Nam uazAne, 2001)

Class Components and Prosthetic Group(s) Enzyme System
IA Reductase Oxygenase Phthalate dioxygenase
FMN Cys, His, [2Fe-2S) (Burkholderia cepacia DBO1)
Cys,[2Fe-2S]} Fel* Phenoxybenzoate dioxygenase
{Pseudomonas pseudoalcaligenes
POB310)

3-Chlorobenzoate 3,4-dioxygenase
(Alcaligenes sp. strain BR60)

iB . Reductase Oxygenase Benzoate 1,2-dioxygenase
FAD Cys, His, [2Fe-2S] (Acinetobacter sp. ADP1)
Cys,[2Fe-2S) Fe'* Toluate 1,2-dioxygenase
(Pseudomonas putida)

Anthranilate dioxygenase
(Acinetobacter sp. ADP1)

2-Oxo0-1,2-dihydroquinoline

8-monooxygenase
(Pseudomonas putida 86)

A Reductase Ferredoxin Oxygenase Dibenzofuran 4,4a-dioxygenase
FAD Cys,[2Fe-2S]) Cys, His, [2Fe-2S] (Dioxin dioxygenase)
Fe'* (Sphingomonas sp. RW1)

Pyrazon dioxygenase
(Pseudomonas sp.)

B Reductase Ferredoxin Oxygenase Carbazole dioxygenase
FAD Cys, His, [2Fe-2S) Cys, His, [2Fe-2S] (Sphingomonas sp. CB3)
Fe’* Toluene dioxygenase

(Pseudomonas putida F1)
Benzene 1,2-dioxygenase
(Pseudomonas putida M2
NCIB 12190)
Biphenyl 2,3-dioxygenase
(Pseudomonas sp. LB400)
Biphenyl dioxygenase
(Pseudomonas sp. strain KKS102)
Chlorobenzene dioxygenase
(Pseudomonas sp. strain P51)

m Reductase Ferredoxin Oxygenase Carbazole 1,9a-dioxygenase
FAD Cys, His, [2Fe-2S] Cys,His, [2Fe-2S]} (Pseudomonas sp. CA10)
Cys,[2Fe-2S} Fe'* Naphthalene dioxygenase

(Pseudomonas putida NCIB 9816)
Naphthalene dioxygenase

(Pseudomonas putida G7)
Dibenzothiophene and naphthalene
dioxygenase

(Pseudomonas sp. strain C18)
Polycyclic aromatic hydrocarbon
dioxygenase

(Burkholderia sp. strain RP007)
Polycyclic aromatic hydrocarbon
dioxygenase

(Pseudomonas putida OUS82)
2-Nitrotoluene dioxygenase

(Pseudomonas sp. strain JS42)
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Wil 2001 Nam usvemuz ldwunnguleesniamaleslideyarasandunse
P lﬂl = ' ana 1 = :" ¥ ° } 4 ' o
arfilumBnousaljitarresnicnusary uaraliaresansissiu Teswunld 4 ngu A

wanalugilyi 2.15 Aa

Group | ifhuewlssidoulngyidianamanuans  uazdunsaldanssesiule
warnuany laeilaseairailu (misutesusan), Faeulninguiiasanunsasaliisenld

yiaTluTusandauauaslaaandaius

Group Il dhasulniuulnes/ingeslasenidua  ueulnildeandled
v v
azlsunAnuada (oxidize aromatic acids) uanssissiu laaandaiuans 3 nquiilaseaie

Wuamalsiafiwas (heteromultimer) Fadsenaugasmisstasuaaniuaziisng

Group Il weulsiuunwerduleeentaua WulaesnduaannuuaiGaunsuay
Mflunnstiesasauunerdn Ruuwidu  Tulaswndu  usclulnslngdu swuds PAH

dioxygenase gl

Group IV An Tngdunazluiialasendaua dulasandamaanuuanGaunsuay

Py . - = a - =
uazunsuuanflunistionaats ngau wwiu lelainsfiauudu meslauudu us

Tuniia
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9] CarAa (Preudomonas CA10, DEO0SS)
1 Caraa (P. stuzeri OM1, ABOCI723) Group |
Oxo0 (P, putida 86, Y12655)

ChbaA (Alcaligenes BRSO, Q44256)

99(— OphA2 (Burkholderia cepacia DBOL, AFCS5748)
Pha3 (P. putida, Q05133)
99 [— VanA (Psaudomonas HR199, 005616)
| Vana (Psemdomonas ATCCI91S!, P12609)

TaaM (C: T2, U32622)
PObA (P. pseudoalcaligenss POB310, Q52185)

OBYB (P. acruginesa 142, AF121970)
AntA (Acinetobacter ADP1, AFD71356)

BenA {(Acinetobacter ADPL, PO7769)
J{E‘ XylX (P. purida, M64747T)
L] CbaA (P. cepacia 2CBS, X79076)

TRA (B cepacia AC1100, Ui1420)

Group II

CrtAb (P. purida F1, U24215)
AIA3 (Acinesob YAA )]
TdnAl (P. purida UCC22, D8S415)

£ DitA (P. abietaniphita BKMES, AAD21063)
NidA (Rhadococcus sp. 124, AF121903)
NahAc (P. putida G7, JN0643)
99|" PahAc (P. punids OUSE2, D16629)
0xB (Pseudomonas C18, P2I0O4L) Group I"
NdoB (P. punida 9816, M23914)
NahAc (Pysudomonas 9816-4, U49496)
PahA3 (P. seruginasa PaK1. D84146)

NidAc (Pseudomonas 1542, U49504)

DotAc Burkhoideria DNT, U62430)

\- Naghe (Preudomonas U2, ARO36940)
L Phnc (Burbholderia RPOOT, AFOS1751)

PheAc (Aicaligenes faccalis AFK2, ABO24945)

DxnAl (Sphi RWI, X72850)

HaaAl (Escherichie coli K12, Q47139)

BphA (C. tearosteroni B3S6, Q46372
BphA (Pswdumonas KKS102, Q52438) Group IV
91| 5 OusAl (P. flucrescens IPOL. D37828)
EdoAl (P. fluorescens CA-4, AFU45851)
1" 1pbAL (Preudomonas IR, USISOT)
IpbAa (P. pusida RE204, AFO06691)
BpbA (B cepacia LB40C, P37333)
q BphA (P. poeudoolealipenes KF707, Q52028)
L XyIC1 (Cycloctasticus oligotrophs RBI, US1165)
BpdC1 (Rhodococcus MS, U27591)
BphAl (R globerulus P6, X80041)
BphAl (Rhodococeus RHAL, D32142)
IpBAL (R enyviropolls BD2, U24277)
) TEOAR (Preudomenas PS1, U15298)
TecAl (Burkholderia PS12, U78099)
I— McbAa (Raisionia JSTOS, AJOOS30T)

2

100

= BuzA(P. putida BEBL, POS0B4)
TodCl (P. pusda F1, P13450)
BedC1 (P pudda ML2, 007944)

dl 5 ' ' A o aa a a
71 2.15 phylogenetic tree weamicttianuaanirevnesivaseniauasediclansend
iafialaaandaiug, OxoO 183 P. putida #8Wug 86 (Y12655) U outgroup, scale bar:

] ] v v v
0.2 substitution per site WazFaIN@1ILBNNINITHLR IERATIAINRaMNA 100 AR

bootstrap (Nam wazAne, 2001)
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242 szuunudIdianasau (Electron transport system)

1 FAnwma (reductase component)

-l o L& ] -4 ° ¥ .:i I = o o a g
Fannaiiuveulsimiausninaminngainudidnasan  lasssfuBianasauan

& (3 : 1o or j v & a
NADP)H  lldslidsandifuseieginll  laudiaudnmaliannsaiuBidnasauann
NAD(P)H 1dafaay 2 Aldnmasau uigunsogedidnmseuliiuisendidunasonluldiies 1

BANATAULYINIY
2 wafiaandu (ferredoxin component)

wefnendunwinidusiudidnasauaindnidanng  uardsBidnasausialii
wefidasandaug  Tnsdiuaiaendunuanicluleeandauahegly  classll  uay

Classll Wintiy
3 inefidasaniaiua (terminal oxygenase)

mefdasandauslsenavmae [2Fe-2S] cluster W&z mononuclear non-heme iron
2+ - o . o > ¥ o a aas o o
(Fe™)  Fafumumishansassiwnduuasifisjisenlss  ClassiA - ludaumaiiiva
Ll 1] 1 J 1 .
pandama aswulamzmicatssuaan luash ClassiB Usznausamidatiasuaany
H } 3 1
szl niilasaakradiu o,B, dau Classll uaz Classill insmisntiasusaruaziaiil
- e _ d 1
Tassakradlu a,B, usr o, P, Tealudauneifivasandamaasiiniia [2Fe-28] cluster sia

o3 dimer w38 QL monomer

nsrudsdidnarauludowlsznausieredilansentiafislaeendiuaniaain
Uiisenesnfduussidnduses Fe U [2Fe-2S] cluster Foimhisuuszdadidnasaulyl
eTﬁﬂﬂniv‘iumaW;aQtTﬁ‘hJ TABIAINNTAATUUN [2Fe-2S] cluster AuANuzN e wlALy
2 nqu Aa planttype [2Fe-2S] cluster uaz Rieske-type [2Fe-2S] cluster (Butler uaz

Mason, 1997)
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243 wunsraulaaandaiud

wunsaulaeandaluaeas Pseudomonas sp. AMeNug NCIBIS16-4 Thueulni
Mifusiuuuuraaeulsilungs Rieske non-heme iron oxygenase asnnidueulnFia
mMaAnmudynAe  etendeeone  magaljidenlassenfinduresuunaraulaeend
31ua BANNIRIEUBIENAZEUAIN NAD(P)H Wlfid3snng Filsenaudan FAD uay [2Fe-
25] cluster waraelea [2Fe-2] cluster Teamefineniu aniudiinmreuszdesieliy
wefivaeeniauaiiszneudon 3[2Fe-25] uwez 3Fe” éatﬂuﬁquﬁmﬂﬁﬁ“mﬂnﬁﬂﬁu
aandiau 2 axmednduauTuTeme Ay ﬁ"quamlugﬂ?; 2.16 (Parales, 2003) ingl
wefitarewumsaulaeanituaiilassairaily onB, Ausnslug 2.17 (Kauppi uaz

ALY, 1998)

7 2.16 masalfjiFeuacianainrasssuunisinureswneaulneaniaius
(Parales, 2003)
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7 217 Tanafrdaumefiiasenauareuunindulasandama (MMDB Id: 9837)
domain Rmum (NDO A), 11518 (NDO C) uazinn (NDO E) uwnuviozsiaauaani way
domain &UN{u (NDO B), @it (NDO D) uazimdaed (NDO F) ununidaetieadnn (Kauppi

UazAnLE, 1998)

ASANEIVTENNNINUTBNtt Bt LRaNILaLTAN  WLdINTARLRTUNLTI G
reahetiauuaann luuunadulaeandawa  wihnasuaNAMNATIIzTaseu e

:’r ¥ 1 ' ] 1 1 3 .o
angeasulatinttiaauiaziaelssnausag 2 domain Aa

1. Rieske domain T4H [2Fe-2S] I Fe** azmanusnazifiawuszdaludniunse
avllu Cys-81 uae Cys-101 luneusfi Fe’' Bnezmauazifanussdalndiunsanasiily
His-83 uaz His-104

2. catalytic domain TH Fe* fuFnuse aziimusslalasiauiunsnazily

His-208 His-213 Asp-362 uwarluianateain auuandlugiin 2.18



n) 9816-4 NahAc
DNT DntAc

JS42 NtdAc

LB400 BphA

KF707 BphAl
KKS102 BphaAl

PpFl TodCl

P51 TcbAa

1) 9816-4 NahAc
DNT DntAc
Js42 NtdAC
KKS102 BphAl
KF707 BphAl
LB400 BphA
F1 TodC1
P51 TcbAa
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81 83 101 104
I . —
FLNV] C |R]| H |[RGKTLVSVEAGNAKGFV|] C |SY| B |GWGFGSNGELQS
FLNV} C [R] H JRGKTIVDAEAGNAKGFV] C |GY]| H |GHGYGSNGELQS
FLNV] C IR} H JRGKTLVHTEAGNAKGFV] C |GY| H |GWGYGSNGELQS
FLNQJ C {R{ H JRGMRICRSDAGNAKAFT] C {SY| H |GWAYDIAGKLVN
FLNQJ] C iR} H ]JRGMRICRSDAGNAKAFT| C |SY| H |GWAYDIAGKLVN
FLNQJ C JR} H JRGMRICRSDAGNAKAFT{| C |[TY]| H |GRAYDIAGNLVN
FLNQJ C |R} H JRGMRICRADAGNAKAFT| C |SY| H |GWAYDTAGNLVN
FLNQ_E_R_EJRGMRICRSDAGNAKAFT‘S_SY_E_GWAYDTAGNLVN
Consensus sequence CxH-x1517-CxxH
208 213 362
ENFVGDAY ?VGWT. H JASSLRSG RTFGPAGFWESD] D INDNMETAS
ENFVGDIY|H |IGWT.|H |ASTLRAG ~ RSTGPAGYWESD| D |NDNM. VLS
ENFVGDIY|H |VGWT. | H [AAALRAG ~ RSIGPAGFWESD| D |NDNMETLS
EQFCSDMY] H JAGTMS| B |[LSGVLSS FTFNQGGTYEQD]| D |GENWVEVQ
EQFCSDMY{ H JAGTMS| H JLSGILAG RTFSAGGVFEQD] D |GENWVEIQ
EQFCSDMY| B JAGTTT| H |[LSGILAG RNFSAGGVFEQD] D |GENWVEIQ
EQFCSDMY| H |JAGTTS}| H |LSGILAG RSFSAGGVFEQD] D |JGENWVEIQ
EQFCSDAY iAGTTS H |LSGILAG RNFSAGGVFEQD] D JGENWVEIQ
His
O\ /His
Asp

\ O/Fe\

OHy

gﬂ'n 2.18 maufaudsuarumilauaetiuuey ummﬂu?nmmnmﬂvuiumnnu Fe*'

lu Rieske center 1asmsntintuaan n) 'ummﬂus‘nmmnmﬂ:ﬂuw\"vnu [2Fe-28]

fod o I3 JV o *
1) udnueyinfrenseeciiunduiy  Fe’

Mmidnausuiaiuans 2-His-carboxylate

9826-4: NahAc Tauuns1aulaeeandauaann Pseudomonas sp. NCIB9816-4, DNT:

DntAc 184 2,4-lalulnsingaulanenddiuaann Burkholderia sp. DNT, JS42: NtdAc 989

2-lulmsingdulasandamaain Pseudomonas sp. JS42, KKS102: BphA1 1asluiiia

laeandaiugann Pseudomonas sp. KKS102, KF707: BphA1 1adluiiialaaendaiuasn

Pseudomonas sp. KF707, LB400: BphA aasluRialaeeniawmaann Burkholderia sp.

LB400, F1: TodC1 mﬂangﬁu'lﬁﬂﬂn%amﬂ'i’m Pseudomonas sp. F1, P51: TcbAa 184

Inspaalsiuuiulaeendaiaann Pseudomonas sp. P51
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Kauppi  uazAouz  (1998)  Anmilmssafrmdnuunsaulaeandaiuaes
Pseudomonas sp @1Wu§ NCIB9816-4 ludawmefiiaeendas wudrlasaiuily
o,B, Taumisudasusawrazduiumisatiesiadoeiuselalasiau  waniFuousing
Aelfjisenisnaudon [2Fe-2S] cluster uay Fe™' mﬂwmﬂdﬂﬂuﬂaﬂﬂﬂuazuﬂwﬁﬂﬂ
néiu Teedingaasiilu Asp-205 FaRmiuslalanauiy His-104 Heufy [2Fe-2S] cluster
seamisntatuaanimii uas His-208 sy Fe 'nﬂwﬁfmtiﬂﬂuﬂaﬂﬁﬁasﬁnﬁtﬁmﬁwﬁﬂﬁ

drAnylunmsdaindidnarausndtamisutesuaav Aauanslugi 2.19

1% 2.19 nsdeiuBidnAsauszndmlsatiaauaan (Kauppi WATANME,1998)

tlaqifudiahingumih fuivausssnietesdisnlunaaljizanseuunaauln
faNdama  AnnsANENLdlanzmhntesuasvrasunsAulaeaniauawintun
pauAuAINAIIzTRNeulniFeatTAy  lurnsviwmisetieniinbinuadeiuniaide

UjfFaviteasusinizasseulniseaisssi (Kauppi uazanz,1998; Parales, 2003)
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- - d a '
2.5 A8n1sAsIamEuningNaInuMstasdaadslsenay PAHs

lutlaqiiuldfinaiumatiamaiugemanfunldinensamduninendasiuniseen
aane PAHs 1y wallalayFlawedu (Hybridization) Ufjnzungnidwefuiaisa (Polymerase
Chain Reaction, PCR) n13laau (Cloning) uaznisnatawugasemsiulngay (Transposon
mutagenesis) 1atdinatinlamalianiivalivanamalindaniy  edRguszaiAinans
Y - - -1 a A Vo & ay v
fu 1y ieamamAumiawlissdurestuiAunuInidutiunAunuuda  Anmnag

o 4 ' - = : 2 < < l"i‘ﬂ
nrzanesirasiulunguilsransqduitilu@unden  AsoamaRuvFENNANENNT0IY
nstistgaeanslsznay PAHs ey usziiaqmilseasmndAny Ae n1sAnmteRIAY
Tapdlalndaastiulunminnedtinistesaasanslsznay PAHs uaranunsmirdeyani
o d' o 1 <5 o -=‘ o o o a < vt
wugnsadldludnsieviedaules  iNeRmwIseRufIsNaunFdWlAMus g
] Q‘ z o
tepaanaanslsznay PAHs HNIW uazarnsopouAxntaziivinzaniunnsudnsanan

4 4‘ a' a rnl' o/ = o 3 [

aeatie  eindse@ninmmasseulmidsanaiaangudingrn  lunistesaant

a171senau PAHs
25.1 wmatanisulauslandu (Southem Hybridization)

watAEfulauTladuaunsoinlaenisairamiduieinmny  (DNA probe) #
msiusiuiiRasfasiunstesasiaanslssnay PAHs NResnisAumy Taaanistiun
o ] ' o o aal J al a d‘ » ¥ [V o
UszananiamisntesusanireanafiiaeanidisdiitdnnmAsudneying  Taeuin
o - Yy aa a - ' Y 3 4 o o o a = c
Tnaziimsafrediduedamuaniiureanguadie nah andeduimsusidutioralalng
o ¥ (-3 ~a 3 o’ J o al a’
uga dadrmdueinmsiifluuuuimalslada (heterologus probe) Fefinannlavidlauedu
Tunnazidiueamen (low stringency condition) finanaseeuildmeiialaidlagdulunig

3 ’ H H Q‘ ) &
fzamANmiaulinurestuludeNdenasiaaisscnay PAHs Aiauenlalnsiiu

2.4
)

flunquadie nah daliFeussanaliaiife Thidsanmsimiianulage nampe wisd
= = rnl' ~ o = & o/ o < = - ] o
TnAala InANFaInNIsIAISHS sl AN UNUALAE WD ARATNINEN LG U WAL
a e ] i3 waad a‘l‘ s [ 73 <l aal P |
ANUTDAARINANIMI DU LA w17 1N eNa 815 lUNITATIANIANNINNAY

& o - oy 7
mmmu‘nmnuwmmm?ﬁnmwnuu
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Sanseverino uazAME (1993) MiASweRAANEY nahA figFnaniuuunaiaiin
NAH7 984 P. putida dawug G7 anlariFladiualuiinm@uieaes P. fluoreacens @1EWUG
5R, DFCA9 uaz DFC50 Wi 3 aeiuflsngdoyamian 15.6 Alaws luanusiivn
ANLIANNALIAN (WANEHA NAH7) Usngdtytyinuauin 18.5 Alaiug nailfuanslfidiudnts
3 mﬂﬁuﬁ:ﬁﬁuﬁnf’hﬂﬁu nahA 183 P. putida fnaug G7 aalidyanaanmslavslad
wApauanArs Mg kuusFieulsFERd e

Hamann uazAnsz (1999) WrdueRnnmiianimziuiiu ndos Fnlszuaasiaidy
ISP wisatiasuaavnrasuunsidulasandaualu P. putida @eiug NCIB9816 Tunnz
i ladiudiiueteupiid 20 auiuffitensatn PAHs 4iasne AfauanTd wudd
Pseudomonas Titiesastmsraulifyonislaladiidu drudedn 5 areiugaes
Gordona, Mycobacterium, Rhodococcus W&y Pseudomonas rianaanasnslsznou
PAHs Wmaluanageidyaumslailadisen  nasnnislaidladanansation
Uszifiunugnunsalunistesanssenay PAHs Tunguiszannsld

Laurie waz Lloyd-Lones (1999) WaiSuieRamuiisumizivfiunguagie nanA
18un fiu pah 989 P. putida &1L OUS82 uazfiu nah 184 P. putida A1EWUE G7 31
lavladivtiv phn T Burkholderia sp. aeug RPO07 fiflAnusnunsntiataans
AuuFuuazume dy nudis phn Slanauansneantiulunguadne nah iiesann
Wnaaufunimeseufndn  demmsdnmaiduiosdlalnduaiinsziaumiien
samtihTiaastunudniie phn TansuTianalalnduasnnsdniaesrediuiuansinean
fuflifeadasiumstienaauansnlsznan PAHs faafiseiumn

Kulakov WazAMT (2005) WinatamEflaFlaedfuiedumdnty nar v
Rhodococcus sp. §1tWug NCIMB12038, LB400 uaz LB200 aguulasiuladamidue
(chromosomal DNA) viFaagiuunaiaiin Iasnisldmalia Pulsed-field gel electrophoresis
iautn winzwaeiia (maga-plasmid) 189 3 areviug ussinmsladladianlddounile
898l nar ananeWug NCIMB12038 TmsusduapalelnmiuAiduednain widd
Usngfuqnily 2 areugAe ateiug NCIMB12038 uas LB400 uaaddntiu nar 7891
2 aneniug aguunanafia ussinguasuluateiug LB200 uaaeingu nar urazaguu

{rsluladamidue
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252 nsiAay (Cloning)

wmatiamstrauntauiniuunnluilaqtiy Ae nislAsuuuy Shotgun Tmaends
o P o a a4 n;il ¥ caos O -; ¥ o : S o
wannN1g  Ae  Asalulinaduienfenisdeieulnifas s inunzusainiuniaue
vaonusn lalaaudndadiduenusnsasomsavsnfueul i st uiudlulinftue
17 :’; o ¢ - LS - :’; a‘ Y ¥ o T v v ¥ O
4195 antuinnmauanafitrenduuwinaalianmuan iddgasasidntinn udamn
nsAndeniaauiifieaniseanainiasaynatiu (genomic library) Tasinnsuamdnmnisiiu
Inlassgadiditihumuisienis i nmsanmulasunitulaesndauadaiiuiud Ay
. ™ 1
Tumnisuanduasuieanuannsolunistssgaruanslsznay PAHs viald Taedsasiu
4 - L
nslasugeeansdulas (Ensley wazanuy, 1983) ulusu arnnishasiiaclsdayania
wugnssuisesnisifiverluguuuiiihdeesduuwinaraiinviensaiia (cosmid) viaiu
Plugsaidinliui - Samnsaideyanisiugnesuiiininnisnemaiduiianale
Insvdawinseiairtiulifiansuansaan (expression) viasmsie AnulastiuliliasiRls
N - - = o A - PR
AuFaIns windadeda nsleautiuuetulifissuunmsdndanlaauiunzan 9k

o o A Asl :‘/ ¥
ausanInsAnaniaaundainizaananlpaunanualy

Ensley usvanuz (1983) 1#ldnnslaautiuludan upper pathway anwanaiin
NAH7 983 P. putida @eWug G7 uasninisuassaanaestiulu £ coli aaiug HB101
o4 XX " X ¥
AanmMsnasesnudiiafede £ coli areiufgananlua e TaudanLNazaN
- ~ %’ — s o : z = - L1
seeasdupindfinihdulaniandy  demamsgrenislnngivresduainluewnaie
z = 3 = : d ? o/ J S i . “’
danudnduRlninaruanmeinsudoniuszudneilamhuuaninuly £ coli iaq Tluas
Tananfamaandauaamaaiin  NAH7 - lumslaswnidlaviuliidugulasusrBusdin
pNAIAL Aaudantlugf 2.18 anmemasasdialdmnistiuiuntminnuseslaesndaiua
A - - B z o/ :’r B 1] i 1
lunmsulaeudulasiududinludeaeiugaadusineg - niAMuamizalunstenaans
o ni a 1 =l tJ o ac 1
PAHs uazdeiugnaneiianisunnsasrestiunlszinamiaeulailaeendaus  wud
= 4 B o o =
nsieaslalalasleessiiiundaiusiainmainaureseulnilaesniaue Hidou
o o z - a o 1 c 1 A' o
FuRusiumslsngauredualn andasguaainandaiulsslanistegaluninia
By o 1 1 z i 1 :”
UffFandanaraunlszgnaldlunmessaiemideitesaasaisilstnay PAHs 27iale

4 i d o 1]
Tunsneasulasudtituninaodesiunistianaaieaistseney PAHs ANn1snaaeanitiy
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] v ¥ ]
Nlszanasvialasandawaludusiy  FanisiamnAugINisareddalunsasuLLag

fulaaliilugusin
CH,-CH(NH,)COOH
N\ Tryptophanase @ Naphthalene dioxygenase
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