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Abstract : Rhizobium sp. strain CU-A1 is a potential acenaphthylene (ACN) degrading
bacterium isolated from petroleum contaminated soil in Thailand. In order to study genes
involving and intermediates from ACN degradation, transposon Tn5 mutagenesis was
performed to obtain ACN degrading defective mutants. To identify accumulated
intermediates, the mutant strains A53, B1 and B5 were cultured in minimal medium
containing ACN. The intermediates were extracted from culture broth using ethyl acetate
and purified by thin layer chromatography and silica gel column chromatography. The
purified intermediates were identified by mass spectrometry (MS) and nuclear magnetic
resonance to be 2,5-dihydroxybenzoic acid, acenaphthenequinone and naphthalene-1,8-
dicarboxylic acid. In addition, genes involving ACN degradation were isolated and
characterized by Southern hybridization DNA of the strain E11 and CU-A1 with Tn5- and
AE-probe, respectively. The 4.5 kb BamHI-Hindlll-fragment was then cloned and
sequenced. Five open reading frames (ORFs) were identified which showed homology
to gene encoding for protein as following: ferredoxin reductase (33%), hydratase-aldolase
(38%), 2-carboxybenzaldehyde dehydrogenase (46%), adducin like protein (38%), and
dehydrogenase (46%). The ACN degradation pathway was also proposed.

Methodology: Rhizobium sp. CU-A1 was mutagenized by Transposon Tnb. Three
mutants incapable of growing with ACN were used for isolation of intermediates and
genes involving ACN degradation. Mutants were cultivated in carbon free medium
containing ACN followed by extraction with ethyl acetate. Isolate intermediates was
purified preparative TLC and silica gel column chromatography before subjected to
identify by MS and NMR. Genes involving ACN degradation were isolated and
characterized by Southern hybridization DNA of strain E11 and CU-A1 with Tn5- and AE-
probe, respectively. The 4.5 kb BamHI-Hindlll-fragment was cloned and nucleotide
sequences were determined.

Results and Discussion: Three intermediates were isolated and characterised as 2,5-
dihydroxybenzoic acid, acenaphthenequinone and naphthalene-1,8-dicarboxylic acid. Five
open reading frames (ORFs) were identified which showed homology to gene encoding
for ferredoxin reductase, hydratase-aldolase, 2-carboxybenzaldehyde dehydrogenase,
adducin like protein, and dehydrogenase. Base on this results, ACN may be degraded by
strain CU-A1 via acenaphthenequinone, naphthalene-1,8-dicarboxylic acid and 2,5-
dihydroxybenzoic acid, respectively.

Future direction: The functional analysis of the isolated genes should be performed and
some intermediates should be characterized in order to ensure the proposed ACN

degradation pathways.



naanssndszne

{I989870UN M SIUNINBNAINUIBLUIYHNNTIEY ﬁ"L@“l%“TaﬂnaLLa:nuLﬁaﬁﬁ%’mluﬂ%taf:
ﬁ”smamauqmsaamamwmiﬁ a3 lme Duwnfisns ﬁlﬁ’m’mj YDAALABLRZT DLRUBLUE
AREAMIYINITL  T89MAATINTE AT.8NT IWTIEN MAITUAE aadAnsemaas Iwiaansal
&mﬁ‘nmé’aﬁ%’tﬁmma%mﬁ:ﬁ AUnHn LLa:mSLLﬂmamsﬁgﬁ)ﬁmﬂé'ﬂmﬁmaamsﬁﬁﬁuﬁ
@18 MS uaz NMR °11a°11auqmimomiﬁuﬁﬁmmnﬁamiﬁ'@umumLal,e‘ﬁsl (ADB) wazlasInns
Thailand-Japan Technology Transfer Project (TJTTP) fildiautanzyiia3as HPLC thaldiiaszit
aITTuSuazinsaliolumindsudug LAZUBVBUAUADNNTEUIUNITLVDINUILITY
Bioremediation nﬂvhuﬁ"l,@”lﬁﬁaﬁmﬁu MIFHUEUULAZANNTIDARDAN JARDANUITL  UaS
mamauqmm@ﬁmqa%ﬁwm AmAINEMERT quaomniwﬁwmé’y AMadaasauiuas

dwganNrzaInlunIvindduasat



UNU

mfszaqLLfmﬁfamLﬂuﬁmqﬂmiLL‘W:"ﬂ@fzmmmm@ﬁwﬂuﬂ@um@jaqLLfméfﬂﬂuﬁ@aﬁuLﬁm

AINN3TLNLAITBININAR TUNIAGAAIMNITHINERALAUBIFBAINABINNTTaLszaIng  Tneans
= A Ao A o Aa Ao o = a .
wvrHaNinun g unsrusunsuandnluasin e nidunTege  aeainisanazunsnszanslu
;‘J IQI b v v ] 1 1 [ < o
Weuasddsundanliainnisananiufuaznisasupuguatanlaldetinansanianluniaiuinm
nsin il lunszuounisu@s waznisinanninaedida fnliansisiunszanagaauwndan
= A o Al , = y Aa X

AMNNIIANHILTHNIULBUAL T URTIENHNAFDGININUATRILIAFBNTNLTATUAINGARNUNTTH

a . 2 - | A o = X o o
wazynianssuiaviadszma il w.A. 2535 nudIHaeALdunenATulseNI 1 AUFW UAL
AR UL WA 2544 ardaeddsdunanaliulszinns 2,813,980 sulnsidluaaidadunsis
UszAntingdu (oil) Uszanad 589,508 fiu (AtinmaluladRannndanisean, 2542) waziiluaagids
o dl a a = o/ & NS o al [ %
funseNiAnaINgRaunIsnlingiaes 11,813 fu (LUryeNA laviasddmiu, 2540) Tnsvasidadunine

Y o = = o a Ao o PP o o !
Uszinniiunazlinsaanardsznausegasaurisauanasin uasniandAnyae aslungune

alamanazisuninlalasanfueu (polycyclic aromatic hydrocarbon, PAHs)

|

wed kaanazlsunAnlalasansuey (polycyclic aromatic hydrocarbons, PAHs) ilugng

|

Usznevdurzdaiauilanilassaismemneeslsnanuudunmenseniududunse (inear) Wy
38 (angular) vizaillungy (cluster) tnafinvazlsnnmAniuuwdusiaus 2 29tulil Tnaans PAHs Huvas
AANIAINNITLIUNNINAR TUN A AAIUNIINUA BT RATIARd R LN WAL diuiin W
AINELIY (coal tar) Astalan (creosote) WARAMAINUNTLTIASALN ULaziiAAINNIZLAUNNG
wnluinllanysniaeusema@aaia (Volkering et al., 1992) 1eNAINUATT PAHs fRA1MN30LAA
d’g ¥ a uI/ = 1 % o a L a ¥
TuldeInusssnaAaInnIsiaTNTesuasnsusNgssnTs Wiy uazganlwsaiia s
(Cemniglia, 1992)  @13dsznay PAHs a1xsntuileugfaundeanyisannid Au wwastIuuay

wazlanuluFunnigs (Fernandez et al., 1992)

a aaa A

a131svnay PAHs daluansinaliinadunseiiansasedetainiiasarnaonudlufsaag
| =< Y a < . | P v a = =
a19 duanstenaliinaNzise (carcinogen)  uansneliinanisiasuutlasaaseiy (mutagen)
waziiluansninlimisnlunssdiglinsinilng (teratogen) (Wilson & Jones, 1993)  WUaeUAN
AIANRINIAFENTBIAUTFELENT (The U.S. Environmental Protection Agency, EPA) aaldnnmunlif
anstlsznan PAHs 16 ailadsuaaslugin 1 16un uuws1du (naphthalene) — Bra@uunWdy
= aa = = =
(acenaphthene) aidlklNWaAal (acenaphthylene) ‘V\qurﬂ@?u (fluorene) WUUUYITU (phenanthrene)
WANINTL (anthracene) WQEQLLW%LL (fluoranthene), U8 ]LeUNINT (benz[a]anthracene),

1Asdu (chrysene), 13U (pyrene) Luuisﬁ[ﬁ]WzgﬂmLm%u (benzo[blfluoranthene) Luula[iAlWgee



WSUAU (benzo[Klfluoranthene)  wwulae]lndu (benzolalpyrene)  lowLud(se, 0 7]uaUNINTY
(dibenz[ahlanthracene) twwla[d 07, [aliwe3au (benzo[ghilperylene) wazaustu-[1,2,3, 3] lnTu
(indeno[1,2,3cd]pyrene iluansienipnuddnyluandusiug Aazsieslasiunistutenaesans

[ % [

wAINA1IgAIIndeN (Wilson & Jones, 1993)  lutlsunalng dfinnsasnwsesminyniAdng

=)

o

uRgNE WA, 2535 daninualiansilsznay PAHs HantiRdnatlulssinndngdunsalssinmi 7

o o

t:ll ! Y a t:ll o C
f mﬂ‘ﬂﬂ’ﬂl‘ﬂLﬂﬁﬂ"]?Lﬂ@ﬂuLLﬂZ\NVI’NWHQﬂ??N (WezgnTuUtycUm

q o

o

MRaUAsIE, 2535)

o))

AETHLUNEAY (acenaphthylene)
= ad [ a d‘ 1 a a a [ dld v
@zsﬁLLuWﬁ@uLﬂummizﬂ@muwuﬂuﬂQNWM%ﬂ@ﬂ@ziimmﬂvl,a‘llmmimu nulAgeas

Tuanatlsznaudossauuuiu 2 swazaslalaamunu 1 ssdassefuiungy  asduundauiudou

1
=

Usznevmestindiuiy thsusanndiiv AYUYYT (Neurath, 1972) WaRTsitlinaedl w@asinet
mndmﬁumuﬁmmnmmm%ﬁﬁiﬂmugmﬁmmL%@LWE@WM%@ (Alexander et al., 1985; Radke,
1987) wardenuldlugranmnssunansnansauesuazineifeld (Wison & Jones, 1993) o
LLuWEEummmmmﬁmj?&LLfmﬁﬂu%qmmm N unsain iy wazunsminuuAiiennnis
ﬁ%q”l,ummmamﬁmsﬁﬁmzﬁmqﬂﬂq?ﬁqiﬂfﬂuﬂ@zmummmmum‘m TN TTLE N1TAUALIL

51 AABAAUNIINNAANINTBIALAINARAIUNIINAINATY (Mattox & Humenick, 1980)

=

aa a ) A a o = = o
ACTULUNTAULALANT PAHS TdUAaL Lﬂu@'\?mmV’]QWNﬂ\‘lmuslu’&\?LLQ@@@NLH@Q@WﬂNIﬂ?Q@?q\‘]

Twananads  azarsinlddasun awinlifanisandwazaneludanndan wazauimidng

a

o

wldanunslasaanisazanaslunanauuuRuzatnlueu aniudngdndeinunisasld

= [

asuazdnguyedlalungs  widresfuundauianuiiuieliguiensoumnauiuanslsznay
dl dld 1 M va 1 = ada o [ a .o 1 o/ e‘QOJ A
PAHs aunduaaluanalug) wildfisneaudnevauuniauiaauduiiy (toxicity) edndtinanuay
% [~ o Y a Aa = o Y o S a Yy G
AN inliAANmAasUnAW (Lederer, 1985) uidalaifisaauanuduiF e lunywed
' = aa o Y a A A o 14
wsiaruunsauaan iinanisseaepassieioniisuavssuumalaly  (Lederer, 1985) a9
ayRusUNFTesarfunEaudsannsnnaliifanzifauaznisnanaiug e (Lavoie & Rice, 1988)

[ % = o o

y = aa = o aa ) - Y o = o
a9 Na LB LN AU AT UA1I8 WA N NNANIENUFABRILIAREN a9 iR ANaRlaRaz1iniis
AI U dl dsj v = aa o o QI v dld d” v =l aa
Awndenigniuileudosermuuneay N19UN1TARIWIARBNNAN1TUL D UAE AT UUNE AL
AN1190N3eN A1aERE 1Y N19UNTRAREAENINNEAIN 81RN13NFaY N3N LTS N3RAAGAE
Fvinazany N3Nt uiNduuN199e9 0 (Manahan, 1993) nstintinsagdsniaail (Cockson,
1995) NIWNNYUNYNAININ (incineration) NM3EaNAL (landfill) wazuuaneuileniilsz@nsnaw
Wuneansfuuwazldiuasinauniiane Aa nIcUqunstas@ateni1aian1n (bioremediation) Insinig

Mlsslamianannainnsnaesqdurisd  iiedasaansasie lidanuduivanasisauna bl



(Mueller et al., 1989) FaifluaanladTeundnnistiniinsaefaay easannilAnndaansasadauwin

o {

aan AN lda18AN (Lee & Cutright, 1996) wazlinaliifinansfimstia ludnieunsaunniIaniies
Anqauvsd liansiduunaInasuuaAfeu AsaanBanINELNeTe et sanysnl
(mineralization) uazlFnanAmsfifluiuazasuaulasanlas (Wilson & Jones, 1993) 1ispqawYise

aunrailasunlasinrea¥aunedaneesans PAHs M ldanuduisanas@anuald  nszuaunis

o o aal , = o o U v Yy a A PRy -
1ialaedsnisdasaaianisdanindanani lilaensefuaaunsdluumnasidnistileusesans
W A Nansnlunistiaaaatans PAHs 16 (biostimulation) vsaifinqauvatainneuaniy
a1u1sneieasaanedns PAHs adldluuvaaninisuideuesans PAHs (bioaugmentation) AN
o dl £ =3 A | a = o‘:J/ dll v =3 a tﬂl U
uunazsesdAnepuanmsae - vesaunzdiunedudeyalunisdnsfianiy Walinng

111179813 PAHs duiilulilasineaddss@nsnin

1 aa] o
nnstaadaNtas L UNEAULALLIANLSE
Annstesdansesduunsaulainisinunlu Bejerinckia sp. Meeaaaneludfia (Schocken
& Gibson, 1984) WudaaugAINaINaINNIntiasasduUNsusNiUasFuLnsauLLLTAaaNTAdY

1FANHINN78NT IATIARLBULUNEAUANNNNTIATILTANT BN aTaN  WUINADNTTtiagaaneBa

a

aaa ada o % a a Y e 1 = = ad F A~
mnﬂgmmim@ﬂmLumumﬂmﬂmmaﬂmL@ummmmﬁﬂmquwummﬂ:muw'ﬁ@ﬂmﬂu TH-

6

= = = = aa A = = a a o
1,2-@$6ﬁLLuWﬁuvLﬂ@‘ﬂ@ 1,2—1ﬂiaﬁﬁ‘ﬂﬂ“ﬁ‘ﬂzsﬁLLuWﬁ@u 170 1,2-ﬂisﬁLLuWﬁuLL®I‘ﬂu LASHHNARNNTUNG A

Q

2 [~1 = a a o o a o o 1 o I oAl a =
FenTlua s BUUNTUAI UL ANA1SU Aanuadassanaatlinudninisuanialalramuiuaesesd
aa
WU AL
Komatsu et al. (1993) 16916911491 Pseudomonas sp. 18U A4 ANNsnEiasaang axd
ada [ 1 I8 o % di =K o o rdl iol aglJ dgl
wsAuTLa AU ULATNAUlS  wasiHa AN AN TN BN dvaN RSN LN AL AN

2199n30 1,8-wunsnaulaaifuandan  uanwnaraiusiausausnaslalaamunululasaieaes

¥

1 v £3 v
av@uungauld  Selifonov et al. (1996) lAnannsawAnzsianssiadusazan lutinasdauaddns

WUSANNANTDY Pseudomonas aeruginosa @naug PAO1 (pRE695) NlFutiutlszunasiatanlnd
1 v
lpeendauaainnanain NAH7 Weiuedinstasaaiaesauunsan  wudnduusnuesdjise
= ad 2 4 ad % o dla dp '
azduunsauazgneantndseienladleaniama  AdadunszuaunnsaulunIsteaans

ansilsznay PAHs adsaulunuanzy 1Ay Fa-acfuuniu-1,2-lnees avavgnilaausalihily
1,2-lalansanterduunday uaz 1-lansend-2-Alaerduunsy  asdadusiivassaiinazgnesnd

ladpaluifluas@uunis-1,2-A3 11U Uz N9A 1,8-WUns1aulAANFUANTAN ANNAFL



5% 1.1 dnsdeasaaazBuunsaulng Pseudomonas aeruginosa AaWugsAANTRWUSA PAOT

Aauanslugld 1.1 audsllaqiiu deliianeaunistasaaienss 1,8-uunsnaulanafuendan se

=&
QN

o

\

OG acenaphthylene

l Dioxygenase

HO, JOH

_e cis-acenaphthene-1,2-diol

l Diol dehydrogenase

HO O HO OH
~

1-hydroxy-2-ketoacenaphthene

l Dehydrogenase

0 ]
‘e acenaphtho-1,2-quinone

j spontaneous reaction

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

(pRE695) (Selifonov et al., 1996)
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Rhizobium sp. ﬂ’lﬂﬁuﬁ: CU-A1 (Phaengthai et al., 2000)
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SupE44, deoR, A(/acZ YA-argF)U169

E. coli RecA, Tra (IncP), (RP4-2-

. . . . Simon ef al., 1983
A8WUg S17-1 Tc:Mu:Km::Tn7), Sm
Rhizobium sp. aNNTne e AT UUNG AU Phaengthai et al., 2000

aneiug CU-A1

a o

T 3
aneRugnatanaeiug CU-A1 98 | a¥1eluenuidad

s

Rhizobium sp. &N81WUg

A18 A35 A49 A53 A8 B1 nualdaan Tns deilmanuinyng b

B5 D1 D2 E11 E32 G101 natiaadaeaTuuNEaL

G12 G39 G531 G62 H1 J1




NAELAT Fesin] il

3.1.1 Escherichia coli nnmm’fuﬁf Lgﬂﬂummﬂgmﬁﬂ LB 438 2YT (Sambrook &
Russell, 2001) Mn@rﬁﬁrﬁ’fmLﬁmmiﬁﬁ%quﬂ%mmLiu%’uﬁqm’@iﬂ*ﬁ AusdEdu (Km) 50
Iulpsniusienn. uazuasidaau (Am) 100 lulasniusesa. Wevniduemeudadingu 15% v
L%@‘ﬁ'@qmmﬁ 37 % (fhuaan 24 dale  lensidesluennavaniasndanasuida 200 savsie

w1 luan 16-18 dalus Ngoungd 30 %

u

3.1.2 Rhizobium sp. mﬁﬂﬁuﬁ: CU-A1 laideluanmnsuda carbon free mineral medium

(CFMM) (Kasuga et al. 1997) A9EANBZTUUNEAULUENA UR MR TN Aemin1al¥aTin

'
oA

a 0. @ o 4 X XX a =~ aa
HuNanund 30 o wunan 3-4 Ju Lll’ﬂL@F;IﬂuﬂﬂﬁﬁimmL°]J'ﬂmmLrﬁmm?Z\]zmﬂﬂzeﬁLLuWﬁ@usluiﬂ

Kl a

wiadanenloflFldanududugeing 06 niwdednnieuwsnfuaudumuiszyWiians
NAABY Azt NfaeANNIEY 200 sausiewndl uwan 3-4 Ju ﬁﬁﬁ?ﬂ@ﬁﬂﬁuﬁjﬂ@ﬂmgmL‘ﬂ'uLaﬂQ
AuuslFNNWNTaTw 50 Tulasniusie wa.

3.1.3  Rhizobium sp. Aneug CU-A1 leidnesnnennaagide LB IifLinfigningdl 30 %
feensudauazanmnsvas {hioan 3 T uaz 24 9ol mwdnsy Wewnsiaesluenamanie
FaeIANHLEY 200 saUsaWT  AuFuAeWUENAa8Y Rhizobium sp. A TR RN
fedu 50 Tulasninsiana.

3.1.4 iuSnmuuaiiBulanides £ coll qnanawug  Rhizobium sp. @neiug CU-AT uaz
AN UTNALFNN] luensdeademasnada 3.1.1 uaz 3.1.2 ANAEL thuuaniunausesea
ludnmdauinassdesenaimeseaiiy 3 : 7 mm@ﬂum@mLﬁm%mwﬁu%qﬂ@@m%@ ufgniugi

a

204 {Jwaan 6 heu vsangmuu)i —70 %1 Wunan 11

u



3.2 WAIENA

NANGRAN 1 b and lumns1ai 3.2

[

A15197 3.2 WRNENAN LE luauIae sl

CRGET, alulnil 1an®19819249
pSUP2021 Tn5(Km'), Cm', Tra’, Mob ', pBR325 replicon Simon et al., 1983
pBluescript KS(+/-) Ap', Clac/MCS UFEN Stratagene, USA
PGEM-7Zf(+/-) Ap', Clac/MCS 135 Promega, USA
PGEM-3Zf(+/-) Ap', Clac/MCS 135 Promega, USA

o

g5 luanuadeil

pTEM AP, Km' Tiugan EcoRl AINALBWBVBIANYWUT
nanel E11 aunailaeunns 9.2 kb luwanadina
pBluescript KS(+/-)

pTEB Ap' T gy BamHI-EcoRl AN pTEM 2114 aaluwnidei
tszaintu 3.9 kb Tunwanaln pGEM-7Zf(+/-)

pWT Ap fugaw BamHI-Hindlll a1nA L8010 aeluanadail
Rhizobium sp. gneiiug CU-AT 2110 4.5 kb Tun
anain pGEM-3Zf(+/-)

PES Ap' fifudau EcoRI-Sall ann PWT auatseann a9l Aten
1.8 kb Tunanaiin pGEM-3Zf(+/-)

PWR Ap' fugan EcoRI-Hindlll 41 PWT 211A aelugnadal
tszantu 0.7 kb Tunwaraln pGEM-3Zf(+/-)

pSW Ap' fitugau Sall-Ecorl ann PWT 2inatlseantu aelugnadail

1.5 kb Tunanalin pGEM-3Zf(+/-)

3.3 walianedaanaluana
Tunsailidinnsssyiluednedn wallans@adnenTuananldndunenlinifiunismuis
nmsgunsry 13l Sambrook & Russel (2001) ¥98 Ausubel et al. (1999)  lunsalitidgannasy

° @ . ° a aa a e ¥oAa dl ¥ 1% %’/ 1
aL3a (Kits) %mLuuﬂﬁaﬁmmwmmwmm@mm”lmxu%mmumumﬂ



3.4 NSNANEWUS Rhizobium sp. #18WUE CU-AT saamsuglilgau Tns

TnenEARUqLINTY
W@ Rhizobium sp. @"es CU-A1 uaz Escherichia coli @aWug S17-1 NAwanadn

pSUP2021 Tuanynadeaimeinians LB 71 30°%1 uaz 37°1 mNaNAL WwenuuATaqiuen 200 saLse
w1 e 18-20 dalwaiieldiduinme  hndivmenldadluaiinvas 2vT auldAinisganau

WANTIAINENIARY 600 nm (OD,,) WAL 0.1 @i E. coli azifinunmundedu  duisiasinana

¥

Massriinaunisasydngdossiunessveziendlilidoa Taadn 0Dy, avegfitszunn 0.4-0.6
Thuuenumagnaags 10,000 seusewnngumnives Wuwan 2 Wil Aadasdniasos

¥

0.85% NaCl WazUIIUABIAR I IAAY ODy,, WinAL 1.0 anduiaadaes E. coli daiumady

600

1
o

Wiwaz Rhizobium BaflumasfFuninanlidaiy ludnadou 111 ufugaduuanGudoniazes

=

ThanesiAugs 10,000 sauseunguugivies iWuwan 2 uai  gadoutiilasendoylulast

Kl
|

wnlfmaagautinlalszanns 20 Tulpsansivauanuaasaas

VNAAUYNTUAINTIBY Sevaraj WAz lyer (1983) BuANEFUNUNUNIEY Nitrocellulose

X Y ax o o ] o | X
1A 0.45 um TnasinlTasa8ds autoclave uazaUUie 50°4 rowld  219UHUNIBILUBIMIALN
deuds LB Tulndaunanaesaadauuiaunsauaztinngmuugd 30 o wuwnan 24 49l aan
duldinAuilasameAuwiunsasnussqasiuaanlulasind  dractadaansian 0.85%NaCl 1 1a.
° rall d 9a’/ -4 :J/ o all é’ 34’ <
UNEadNLIUABENIABANATIAY 10 WINdaE 0.85% NaCl AMnuuiININALLLaIMNTALNITaNT

carbon free mineral medium (CFMM) Aininludasae 1.5% Nobel agar Lﬁmﬂimmﬂmmﬁ@@ﬂmm

dindugaiing 1.0 nf/ans uaznundeduanududugaiine 50 Tulasnivua.  dun 30%4 1y

AN 49U
ANUINLATLIEANTN TN DN IUAINETUAINENINEIUITUIN  Rhizobium NINUARBUIUNUI

FIAANUIU Rhizobium Munad I lun1saauqinds

35 msragutunIsunsnaanuamsuallday Tns wuugulaeldinalinlauslawgu

3.5.1 nnmsEn TN5-DNA probe
anananain pSUP2021 ann E. coli $17-1 Taeld QIAprep Spin Miniprep Kit (Qiagen,
Germany)  fiananadanldsian Hindlll msdansrylaeduan (Promega, USA)  uanhduialng

agarose gel electrophoresis  FARANNTUABUOTUIA 3.4 kb THdIur8d Naualilian Tns ag)



wENTUABUEERNANELN1381aR9E Geneclean Il Kit (Bio101, USA)  RAARANALBERARIH

nualilsal Tns Aqe DIG high prime DNA labeling and detection starter kit | (Roche, Germany)

3.5.2 Southern Hybridisation

mﬁmﬁLﬁuvammmmmmugLmuﬁﬁié”lu%’@ 3.4 dndaasananduenlasd EcoRl (Promega,
USA) uenmduialng agarose gel electrophoresis wWianAuALduwan1nggIu 1 kb emduely
fyluaaunsy (Hybond-N+, Amersham, USA)  5is4ALSURLULNLINNILTUAELARaRT laTe
an lausladuiu TNS-DNA probe  @ndusiulaiusunazaaamdyyndlauslamdulne g
Wind (colorimetric method) mmﬁﬁ%ﬁlizﬂum DIG high prime DNA labeling and detection

starter kit | (Roche, Germany)

3.6 AAWEN Rhizobium &1aNUENAENNANNUNNTaIlUNTHRERALRsTUUNERY

6

ulalatiihgnvemauanauqunuinauuwaimsudslude 3.4 Nn@inuuanmnsasil
N, eMvnsad@auds CFMM Tamsn wgdadu (50 lulasniu/ma.) uaznsalilsinanfiagn
(1.0 n5u/am3) Ll master plate
é’ d” [ d’ a v a o =3 = aa
2. @IMNTALNTANEY CFMM Tafnniundadu (50 TIATNSN/NS.) LavANHANDYTWUNE AL

XX = Y a v
VUL TALNEE  NUNATRaYNg Walinaaeninig

Uunguugi 30 “1 luwan 4 4 dunenisasyresdeuuatuenmsde 1. taladinly

a A o

\WwatyvsaRanmuznisassysingllanaeiugiin - dedlusiaiugnananiannunndaslunistes

= aa o = v A ¥ ¥ = o [
AR DLUNTAU m‘llm‘i@ummmﬂwuﬁqﬂmwmmm?mn master plate (18 n.) mwaumawuﬁq

IS = a

nanalasnITnzias lua1unsuan CFMM NRasTULngaL 0.6 NFN/AanT wiaNsn? 200 sausa

e}

w1 1 30% et 4 90 dunanisasnyinsuiuanaiug CU-A1

4

3.7  AUMNTUAIULRIEUNLNLITRINUNTLALRAL DT UNDAWUUIAS TN I dNURIF AN US

Q

nangdaNdunsualldauganunsnasl

)y z A A A Y o , = ax o &
mummumummﬂumLﬂm%\‘mumiﬂfaﬁmmﬂ@mLLuWﬁ@u‘uuiﬂﬂ‘TNTﬁmmmﬂwuﬁqﬂ@’m

soamaiialaudlaady nadslude 352 Taaadndiduenesasiugnaeilalude 3.6 fnson

wansnduenlad FcorRl  wanmwuwelng agarose gel electrophoresis fnaAguie ldaluaauus

10



wau  landlamduiu TNS-DNA probe  @ndusiuiuaiusuuaznaamdyynnlauslaadulnedan

H1An3A (colorimetric method)

3.8 anmiumlautanlidaimuniu DNA-probe uazlaaudumlduaninatdrlunaiaiin

LINLARS

o

wanansRugnaef liinauaniu TNS-DNA probe  a1niuannflduea sdugnaufenand

o v a o P P Y o o a Ao @
fasaeisavsndueulsd EcorRl  uanaduasianszualiin  AasaliinseunguiBsnundndue

o & ai A dl P4 a o ¥ [ i’ a @
wasRugnaen@eni linauananmslauslagdulude 3.7 afsdusduesanaineznilsa
\aafng Geneclean Il Kit (Bio101, USA) #3433 electroelution  azansmiduiasiaiitlaentlizq
UaeadeluiBuinsimanzan Mauasuen ldiinadu insert 13U ligation

W3eN pBLUESCRIPT KS (+/-) (Stratagene, USA) laafnsoaisansnduienlssd EcoRl

v v = 'y a & 1 901 aid a 2

afnsaeues/maalsvasu/leloelaueanaged AnAznaudIun laninaalnfaeiaanuea

AzaNENAANAT LAl Tris-HCI pH 8.0  ndaugWaaa ( dephosphorylation) mssilanaaienana

fannwas Tneld Alkaline phosphatase (Promega, USA)  avanuhiduiasdasiinlaanilszqilasn

dal/ all 9./: a all 9/:911 dll | - o . .

waludiunasivunzan Idtuaduen idineidunnmesd sy ligation
lainndutunduenmranddniunanaiannmes pBluescript KS(+/-) NfafaasanIndis

waulasd EcoRl Taaldaulndlaina (igase) (Promega, USA)  vinlainduigrunnd 16 “a lunan

16-18 Tl

3.9 wsuanasNsAaNiuuUINa1aNAAINDa 3.8 1iNg Escherichia coli WASARLAEN

' ol a @
Vl‘i’]u@‘wﬂil,l,ﬁu‘ﬂVlNVI‘J’]uﬂT‘]J‘ﬁ’ﬂuﬂ’ﬂﬂLLVlSﬂ’rﬂ%I‘wluﬂL’ﬂuLﬂ

9N Escherichia coli DH50L liiflumauinuyiadsneaa Calcium chloride  anniiu

1
411919/ [

nanefFrenduwimatalafldainlandui lddn neuinuwiaaddaeRa Heat shock A
denlaauidelalatives £ coli DH5OL Feifineniuuuwinanafinfiinsualigeu Tns aaaunsnet
Tatinagdee vsasadonds LB sainunsfedy 50 Tulnaniu/ua, (fednAentumseamaney
Tn5) udailuaiigoannd 37 %1 dnadu  vihlalaiid danasananadauazassavnanaiinfiamu

nauallaeuunsnasnagineds Dot blot hybridization 7 TN5-DNA probe

11



3.10 WIA1ALNNAALA INATRIEUNL NN TaINUNISHRE AL DS TLUNEAUAINTADNLLUUN

waradauasilFauiaunusiauiaastalnanlanuaiauniagly GenBank

o v Aa a & = d‘ d‘ ¥ o 1 = aa = a I3 a

wasLinealansuetiuinaadasiunistasgaaiaesdiunaauainsAa N Tuuuinat gl
Ipe g nSiasAamnziuatsuianala nduesmdue  viranisduinaunasd nfiuasnanmne iy
o o a al s a rd‘ o v a al s ng a @
ansutinpalalnsraanaiaiannmasinaviaisuiordla nslesiuAdueaganunsn  daAviila
alnfinralalndlnfiuasuaznansuinaala ndaesty InamioeLisnisdaniw (BIOSERVICE UNIT,
BSU) 4195In4NUA U AN ANg RS wasinATuIas wismn g (a9n.)

dl ¥y o o a al s Qg/ a @ % o a I's ai (%

Walddeyaresdduiionale ndresdiunidueasnumnude  thliBwszimununnissn
paeransnduenlodlagazifen muanseaue usvidilla (Open Reading Frame, ORF) lunns
namsarestiudlueulafinaadasiunissiesaatuasdiundauinedipsziffioe lUsunssy DNASIS
wazsanlifanisuianumdeutazidiaunaiadiazidunsaususiatlalaaneuiudeyalu

GenBank Anel1lsunsw BlastX version 2.2.1

3.11 WIABUUIIasE U g TaINUNTEatda ez dLuNE AW ulAstNTdNURg Rhizobium
sp. A1EWUEG CU-A1

3.11.1 msiNAuIuaeuenagAniusuallaey Tns lag PCR

andayaresdnsuianalelndresiiSuefiegiatunuallsen Tns funldanda 3.10
senuuLlaaTnfianale Indlnsiaei foward primer WA reverse primer Lﬁﬂ‘lﬂuﬂﬁﬁ?m@n%ﬁwﬁ
WaL3d (Polymerase Chain Reaction, PCR)  @iunantlf)izean PCR sl 1.5 mm MgCl,, 1X Tag
DNA polymerase buffer, 1 uM forward primer & reverse primer, 0.2 mM dNTP, 2.5 U Taq DNA
polymerase (Promega, USA), DNA Template 10 pg, H,0 aulie 50 pl - Ttlsunsnlunnsindfisen
PCR Lﬂuﬁd‘ﬁ hot start 95 °a 3 mﬁ, denaturation 95 1 1 mﬁ, annealing 53 O 1 mﬁ,
extention 72 %1 1 w1 y1M1fjA5eN 30 9aU final extention 72 “ 1flulaan 10 W

W1unsen PCR Taeild DNA Thermal Cycler (Perkin Elmer, USA) ATAARLINARATITLAA

AulpzarnlsdianaianTnginisda
3.11.2 AARAINAIBATINNAI1EIL LS

Araanaduenleainda 3.11.1 Ine 149811t 3.5.1 uazlaadn AE-Probe

12



3.11.3  meuvssreviuiinedeviuniseesaasesauunaaululasivlouaes  Rhizobium sp.

AE19Ug CU-AT

MTudaurasguninadesiunistesaanaezduuniauuuiasiulonaes Rhizobium sp. d1el
Wug CU-AT soamailalauslamdi dunaaiuasnuandlude 3.5.2 Taaadinbiduenes Rhizobium
sp. aeWug CU-AT Andnsisavindueulnisine  uwanhiduwalng agarose gel electrophoresis
dnemdueldfluaaumuiuu  lauslaemduiy AE-probe S UHUNNLILIULAZATIAMNA LT
laslamdulngdan19naa (colorimetric method)

i@anTupEuen IinaLantil AE-probe  aNUUARAABWBANUS CU-A1 ARfQeLgansn
dupuladuaizan  uwenaduwesanszualiiln  daealiasaunguiuninduen iauan

a

annstatdladun  anaTuRdueaanainaznilsgiaasiae Geneclean Il Kit (Bio101, USA) viaa’ld

aa

. a @ v 1 X A vy A @ Ry
B electroelution  azauABUatUNaantlsvqlasnmalu Buinsivinzan 1HTunEwen s
Jd o SV
Hiwaiilu insert 411131 ligation

WIFENNAIARANNAASAWNNZAN (PBLUESCRIPT KS (+/-) (Stratagene, USA) %58 pGEM-

o o

series (Promega, USA)) Tnaisinsaeisavisnduienlidainnaqdiuismalasinloneandue  dannee

= s a & ] aol aa a ¥

Wuaa/aaalsesu/laltelaleaneges  ANATNELAIUIN LEANRNAARAALEBEIUEA AZANLNAE
Hanlalu  Tris-HCI pH 8.0 Tunsinsnfneeulalinestdape  Adnuyneana
(dephosphorylation) Asstanaananatalanniaas Ine/lf Alkaline phosphatase (Promega, USA)

azangaiannmassoatnlasnlssalaandalufFinasimuizan  dTundwenldimeidunn

v
v a a g

Wasd1usL  ligation Tanndutunduwenmraniddniunanaiannmesine Ieulsflamna

' '
a a

(ligase) (Promega, USA) vinlainduingungil 16 “a iluioan 16-18 dalus
N Escherichia coli DH50L lWiflupanfimuyiiadmeds Calcium chloride  a1ntiu
nouavafizaenduuinanaianlfainlandunlfidireniinuiieadfioeds Heat shock  An
wannauanafuNwifaeds Blue/White selection  Linfigouugi 37 %1 dawdu  nTalatinliun
o a a aAaX | aal . . o
afpnanaiaLarnmAanInaalanNTunsualisauuninaanatlneds Dot blot hybridization fiu

° o a = - o A4 e o ) = ax = a -

AE-probe  masutiapdlanduesduninandesiunistesaaeeriuunsauainsaanduuwinans

'
o o A

HauazilFeumeuiuanduiianalelndnldiuandunies s GenBank mudgludae 3.10

13



3.12 NSANHINNGLA3 WAz ILATIZRANSN B URAN Az ANAINMTtatdangazTuunEaulne

ANEWUGNA12URY Rhizobium sp. CU-A1

3.12.1 A7 TRYANULAT T

1
aa

wssaneiugnaeluamamas CFMM 3unms 100 wa. Adnsalisinanfigdn (1 nfusie

a a o ]

ams) waznuNedu (50 NaaninFeans) Lgméﬂﬁgmmﬁ 30 %1 wHanEAN8AYINIEY 200 a1
sieundt e 24 1. anuutiuAnAzneud 8,000 sausewd 4 % 10 wi draTadluans
azane 0.85% NaCl 3 A%t wiausetiTadlueNTABaTe CFMM  mevihidenidiladluanms
1189 CFMM Timasduunaau (0.6 NFNERAFT) UTNIAT 5 1A, LAaZBENNIUNETY (50 NaanTusaamg)
Isfpnadu (turbidity) fiAaKENaAAY 600 nm Wiy 1.0 LgﬁﬁL%ﬂﬁQMMﬂmﬁ 30 o wieNEnsae
AN 200 sausewn?  Wiufethendu Wunan 14 fuiednmnsiiusuugeuuaiis

wazdinsedanslfiusmaran Wisumesuiuaiaiugins
o a N a k2 ad .
3.12.2 9ANI7_RTEYUBNULIANLIEAILIAT viable plate count

IARANNUNIALNE AN LA AR ed1azans 0.85% NaCl T INAtLUa191suia CFMM Nlnsalls

¥ 1
4 A

‘Emmﬁﬁﬁﬂ (1 nFusleans) waznuNedu (50 un.Fedns) UN@eNgumugi 30 °

o {13981 3 T4 WU

'
aAa a

auulalafininad
= o 1 d’ a I = ad al’ = a I's o o rd’a dg/
3.12.3 NITFIFEINAIDLNINDIATIEHL NI U S TULNE AUV ADUAAATIZW A7 BT UFIN AT

15U pH 2991Aeamaande 3.12.1 pnel conc. HCI IwNAL 2.0-3.0 A ntliuisiesaes
. y ¥ vy o R TII S

wndInams 1 winresaeadeasluevinamas  wanlidniuuassenaSlFuend  aantuuen
TN N - Ly X oy YLy 4
douetaez@mniiuld  anmudeadediueiaesdaniEuang 1 WinresinRemednanaTanile
] a = :J/ ¥ v o o [ %3 aol tdl 1Y a 2’/ o
PuIUTARTTEINTIIUNA AN AdniaNluetfaanaiAy Na,SO, anhydrous  aMnwiutin
daulesaesmiman lUszivauiasag evaporator AulARENaUIRIANTNEIUR  AZANEATNBUALELNED
uaa 0.5 N8, NIadNIUgANTasd1sagilaiia PTFE 2uim 0.2 Um ldasluaeaufiaauiaan fiud

grunnd —20 %1 aundnaziin 1 ludusia il

14



3.12.4 N13ATELENNE ST UUNE AUTIVABUASTIAT 1A BT AN T WAL High

Performance Liquid Chromatography (HPLC)

WFTINANININTT NIRRT UUNE AU Insazanaesuunauluansmay CFMM Tildada
Wi 0, 100, 200, 300, 400, 500, 600, 700, 800, 900 kA% 1000 NA.FADARMT ANNWUNINIIANAALE
wsnardmnandunenlude 3.12.3 1gAAININTIIUNLATANARBINIIIATITHLIN UBLTULNG
aulneRs HPLC faairsearsasdninlasunTanaliu LC-3A 1¥aadwil Senshu Pak Pegasil ODS
WA 4.6 X 150 NN, FIHUUYHUDIADANIIN 40 O AIVAADLNNIAANAULAITIANNLNIARL 275
nm  Inglda1asa188INABLINE LA 80% TN WATEAIINITIMAWINTL 1 NA.AAUT  aREN3

% 1 dl £ a 6 a o £ U = aa
azantfENafeenTAzitiNmng 20 lulasans  Biansmanmsgumtnidudueruungan

da/ dl ¥ a s v k2 o ] ¥ 49/
AMAUN NN AAgIziANd Nt U89 m@mﬂmmhnmﬂmmaﬁmu

3.12.5 NMIUATISHANINBETUFMINATUAINNTE R ARIE RS TUUNTAWIAAD Thin Layer

Chromatography (TLC)

Usnetenfesnsiaziainde 3.12.3 1inms 5-10 lulasamsunqaaduuuiiy TLC
AT 8 X 8 . (Merck, Germany) Taelddavinazanaiulngau : 1,4-lnaanmu : nsnazdsn
dindiu Tudndan 90:25:4 (1Bu1RssiafunmIsaiuTmng) nmamaisisfuinialfiuasganilale

LAATINAINNENIARY 215-250 nm

3.13 msuanasatuANdzaNaINMstaadaasfuunaaulagaawuENaAeE19 Y LAy

1iu3gnalaeas preparative TLC waz FanaanaanNulasuilans i
3.13.1 WrENFUTRINULATILTE

ptiunTEAeTUduranlude 3.12.1 onavmaadluaiisival CFMM U3u1ms 1000

A A aa o 1 a v a | - o 2 =

WA, NHAYTUUNTAU (0.6 NINARART) warnWNe@uW (50 NN.GeAR3) WHAINIIAANAULEIN
4 e X X e o 4 . 4

ANENIAAY 600 NmM WINAL 1.0 LAENEIEAINAT D 3.12.1  WAATLAINNIALANAIMUNITAN

o 9; d” dﬂl o o % a = 1 = o :// U :// o 1 all o k2

LNUNALNTANININNTAR ASReasaa T ANIE WAt Udunanlude 3.12.3  atntiutigiunanalé

&

Wi lviLsgnasiae

15



3.13.2 N1suEINAINBERIS W1FgN5A9E35 preparative TLC

v

ihansazatenagngluuaueanisein s liusgnannaaiuuueauuiey PLC Mindey
AE@anaa 60 W 1 N, (Merck, Germany) TagldFinazanadu wniou : 195aedem : nInas
aandndu ludnsdou 10:10:1 (BumssiaBunnssiaiunmng) asamansdsiudnielfuasgans
TaTaiamdaamnnne1aAde 215-250 nm AndlgaLnLIedEANAan et efensean  ann
v a = ] a = =3 ¥ o aa ¥ a =
Foalasaarianiliang 250 ua.  wandauesaasfeniuld  afpnsdanieadaaieiaacdiem
250 ¥A.BNATY  sanddueiaerEaniauNadnfoaiy antiuindntnnluegfaanaEn Na,So,

o a = Y v % o o &
anhydrous idauedanzd@ian lsswauisas evaporator aulfmznautesansdaiius  azans

MENAUAILLNEIUEA 5 NA. nIaseugaAnsasddagailn PTFE 2um 0.2 Um ldasluvaanuia

wadn W hlasaseumLEgnsresaNslisfusfagds TLC Awanislude 3.12.5 ua¥ds HPLC

Aedanislude 3.12.4 visaiiunguugi —20

s

3.13.3 NsuEINAINBERIS iLFgnaAaea5aan naaneanilasu lans i

wranAaany InauaIuaeadanIaa 60 21NA 0.063-0.2 NN, (Merck, USA) 1501w 10 nfu
adlwanimy  ussadlupedndlIIAEUENANENATY 1 TH. 819 30 TN, UANRINUIIY AN
ARANIAREILENLT 100 NA.

witnsate Inenidauarafifeeneinluiqnanuanfudaniias 3 a5y antduszvie
wihadae evaporator sianaulBiandEntienadlilazans udaiuussqasluneduiwien 1y
sxpadulifiugugiudag 0 B9 100% wiaazdmmlmaniiy Taefinanudduaesedansinm
fndudauaz 10% HFTeddudauas 100 ua. ULAavANFuduRe @ ferh sz meaudadae
evaporator ATANEAYNAUALINEINEA 0.5 1A, NIBENUTANIeIAFAgLUaTA PTFE 911A 0.2 Lm

ldadlunasnufisauindn rllasmeseuminuidgnsresansdisdusifogda TLC Avianislude

dl a (0]

3.12.5 uazAs HPLC Aslannshuda 3.12.4 vizalfiufguungi —20

u
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3.14 NMsgaulanaNHUIaIANTNEEUANHIUNSIN bTLSgnEREuNadLLnlagIaNG (MS)
LAz HotAagsuNnLAnLslgLuwd (NMR)

3.14.1 nsiigalienansnfaesaisdatiusmsunaanniagums (MS)

inansdsfusnuTgnsnngalienansnilng MS faanaiia Electron Impact (EI) # 70 eV
= o o o oo 1 = ad
Whsumsunaluanauazgluuunsuanssaesansisiusnazanainnstoasansasiuundaulag

desnaiugnanemeuiuansdeduiunsgusnge
3.14.2 nsiigalienansniaesaisdatusmieomas sunnuanisluuws (NMR)

thaslafusTLagnasnigadiendnenidon NMR Tneld cocl, Wusarnazans sz
"H-NMR 7 200 MHz uaz *C-NMR # 50 MHz Ineilddyunniannsinrhazanefhufingnads uazsne
unalRAARAR T Loy WNEN (ppm)

nsilasziieassdauiliniaennpisiadl AZANENFNART QiNaINIRdNMINeNae nnels

AINBULATIZULATATUULUN YRS TA.AT.0NT LNTTAN
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HAaNI1TNAAaN

3.1 ﬂ’l%‘ﬂmﬁlﬁuﬁ: Rhizobium sp. CU-A1 TnenAila Transposon mutagenesis

n1snaawug Rhizobium sp. CU-A1 Tagldnnasiimnnzanlunisnanawug Rhizobium sp.

aneug CU-A1 tagldnsnualaen Tns dosdtaeuqindis tne'ld Escherichia coli S17-1 N wana

{p pSUP2021 Haiflu suicide plasmid Mg uaTlaaw Tns {ugW (donor cell) uaz Rhizobium

o

sp. @189Ug CU-A1 iU (recipient cell) wudnsz@ninnaasniamsuaindduiieldninzia

NAIAD 4.75 x 10" IARFDLTAR]

RMUIUTEY 15,730 Trau  meaatiudunIsunsnaenaemuallaen Tns uuuguineldinatialass
T Tneldnaualilaan Tns Wudafaniu wudmsualilseu Tns dnisunsnaanuusguidnlu
TasTulanaes Rhizobium sp. aneig CU-AT Aauandlugii 3.1

12 34567 8 9101112131415 12 34567 8 9101112131415

- e G et e B G -

kb
21.2

9.4
6.6

44

23
2.0

f. 1.

sun 3.1 n) nMwaznlsalaaniaLauLauas Rhizobium Nanndatsanandutaulast Ecorl a.) fnune
anntsasulauslaadunlafiauannaiunsiualildau Tns

D

Fa9N 1 waz 15 Lambda DNA/Hindlll marker

D

99397 2 Waz 14 Wanadin pSUP2021 finsaaisavisnduieulssd Hindlll (FapauAunaLan)
99397 3 WAz 5 ALAWIBEY Rhizobium sp. A18WUE CU-A1 finsasanandueulsd EcoRl (FamLANNasL)

93397 4 WAz 6-13  ALEULBWAY Rhizobium sp. NITUARUUNUVRAReLsavEnduiaulas] FcoRl

18
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32 AARANENEWUENA1EURI Rhizobium sp. #8WUE CU-A1 fldsunsnldasGuunsau
dlusnaiansuau

ARLAaNANaNUSNane Rhizobium sp. @ewug CU-A1 ldaunsaldesauundauiluumas
Iy = rt:ll ¥ 17 A o o A a zif
Asuaulslaanisliansuanaugunusinisainda 3.1 @wenaneugnanaldiasyuuamnaes

@oudavzalasgydandnanaiug CU-AT (31U 3.2)  anidi hantiuduansiugnanslnanismng

1
6

weluanmama CFMM NRerBuungan 600 wn./ans 71 30%4 uwnan 4 41 wudidanaiug
o rdld | ¥ = aa [ U o A A a 1

nane 18 @reiugnimnnunndadlunisldesguunsauduuvaianiueuyzeiisUuuunisiasasig

T1lan Rhizobium sp. anaiug CU-AT AaanaWugnans A8, A18, A35, A49, A53, B1, B5, D1, D2,

E11, E32, G12, G39, G62, G101, G531, H1 uaz J1

517 32 Anwznsayuas Rhizobium snawugnarglisansaldazfuundauiuunssnnsuau (lu
NANATT) UuaTMSIReaTande CFMM Adnansljisusnunsiedunaliasfuundavlu

sillasziiin

(4

3.3 ARMITURIUARIE NN TDINUNITLRLRANUDZTLUNBAUUUIASTINIEHNUDIR N US

naedsidunsualltausanunsnag Adewadalauslaigdy (hybridization)

[
¥ o

1% Qy ] a A A 1 = aa o 6 tﬁl
AURNTUAUUDILUNLINLAURINUNITEDUAN LIRS LLuwﬁ@u‘uuiﬂiiuisnmmmﬂwuqnmmq

Naunsualiteuaanunines  Tawlaudlaaduniduevesaanugnaansnsonieulad FcoRl

fil TN5-DNA probe Han1snaaediilussuanslugii 3

19



123 456 789101122 1 23 4 5 6 789 10 1112

Alania

23.1

9.4
6.5
4.4

23
2.0

51U 3.3 n.) mwaznilsdiaanAnLauLaaas Rhizobium fENUENAEAS JNARRELsANI NG UIau Y
EcoRl

a.) dyanuannenvisasulauslaadumsfiduiadnaiansrualdday Tns
ﬁﬂﬂéd‘ﬁl 1uaz 12 Lambda DNA/Hindlll marker
dGasiefi 2 waz 11 nanaia pSUP2021 findaeisavinduianlad Hindll (FIAILANKNALIIN)
fasiafi 3 ALduLaNRY Rhizobium sp. CU-A1 finsaisanandueulsd EcoRl (FamaupuHaaLl)
fasiaf 4-10 AduerasaEiugNa BTGB Rhizobium sp. CU-A1 ldun aneviug A53, D1,
E11, G12, G531, H1 uaz J1 finsnaisavisnduiaulsd EcoRl muansu

o [

34 anpiudlauanlvdugranufidueiamunazlaaududiduaninanidily wang
Aaraninas

%

AnABuaresaeiugnats E11 deeieulasl FcoRl uavimduelluanauinlueznilsa
soanszuaindwaeniiddlude 3.3 dasznilsanaliaseuaguisianulszun 9.0 - 10.0 kb
£ @ a Had o =g ¥ v N @ N - o &
goiluinuniauntuen Wnauaniualduessny  anptunBuesenaIneznlsa  1NTuA

Wi ldlamnnidnlunanaiin pBLUESCRIPT KS (+/-) Nimsnsawldsd FcoRl

20



35 wsuanNasNFAaNdLUUNNaIgRA T 3.4 Lﬁ'ﬁé Escherichia coli WaEARLADN

o sala [ a S
Wa‘ﬂum\l'a'itmuwwumma‘iﬂmummtmnag"lumﬂuva

waesnandjisenlandunldainds 3.4 Tunsmanesudngdrenimusiiaad Escherichia

I
el alal a

coli DH5QL  AALaanynI uanasuuuinisaaudluuyinataialagnisnszanai@auuannig LB N
v

nundedu (50 Pg/ml) eAn@antuesasudiauy Tns  thlalafifnldunadiananadintaeld

QlAprep Spin Miniprep Kit (Qiagen, Germany) Lmzmqwqwm@ﬁmﬁﬁ%ummmiﬂmmmmmm
atilneias Dot blot hybridization fUBARAR NN UATLEEW Tn5

wangdafilsiuatan Dot blot hybridization Lﬂuwm@ﬁmﬁﬁ%ummaiﬂmmmmmm@gj #a
Senanadiagn pTEM m3ragevtiudunanalnnananiinanisinsaeiaulssd EcoRl waz Hindlll waz

lausladuiusananunsualilaan Tns anafa Aswanslugili 3.4

Alawa

10.0
8.0
6.0
5.0
4.0
3.0
25
2.0
1.5
1.0

0.75
0.50

0.25

519 3.4 n.) nMwaznlsaaandinanaiin pTEM anadesananduiaulasl EcoRl wsa Hindlll

a.) dyanaanesiisasulaudlaaduseniduiafnanunsualildau Tns

Fa339N 1 uay 8 1 kb DNA Ladder

FadaeT 2 pBluescript KS(+/-) sinmaeisavisnduieilasd FcoRrl (FRAYLIANNAAL)
da43a7 3 uaz 4 pTEM sindaeisavisnduienlasd FcoRrl

Fa9397 5 uaz 6 pTEM sindaeisaviznduiawlasd Hindlll

dasiaf 7 pSUP2021 finsaasavisnduteulsd Hindlll (FapauANKaLan)
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angduangliiiingy pTEM (gﬂ'ﬁ' 3.4 ) fiunsuallaew Tns dledadas Hindlll azliina
UINIWNALTZNNU 3.4 kb WAL pSUP2021 Laziilnfndag Ecorl axlfiuaanaunatlsyanns
9.2 kb pTEM Fgiulanunnilimsdunaresmisuedamsmanalloey Ths 1diiles
anlnfines TN5-OE Reanuurlitianudnmisienalans 5' uas 3' semsnalloew Tns  faiu
agldnnnisdulaau (subcloning) pPTEM edautarsmaualilen Ths meluduiisuegen
un3n Tnefananain pTEM saeisavisnduweulssd EcoRl/BamH vTudauRiEueaunatlszanng

3.9 ilawa dulpaudn pGEM-7Zf(+/-) Waeanataiafinaaulusiidn pTEB (317 3.5 2)

pIEM - -
= * N
- 2 = — = 2
(12200 bp) z = 5 T 5 2
& 3 & R T &
‘ ‘ ‘ pBluescript KS(+-)
] — L]
= =33
i< | 2R
S ‘ =
300bp subclone
f.)
g S
pTEB . 2 2
: §
S
6900bp) & £ E
PGEMETZA(+-)
1
) soop  Partof TnS
q,

gﬂﬁ 3.5 WNUNLFENINTUL (n) WaEAR pTEM waz () pTEB

3.6  WAIAUNAALA MATRIEUNNETAINLNISTHRARA LD T LUNDAUAINT ADNTILUUN

waraauazilFauisunuaauianslalnanlanuaisuniaglu GenBank

6 6

wanautiardleinduestundueneginiunsualiseu Inaldledintonalandnfiue i
nzsataneraansuallaess Tns (TN5-OE:5-GGTTCCGTTCAGGACGCTAC-3) @ai7iANIa
aanannIudlltan  ansuiaAala e leAaLFnetuniNgdasiUnITt s AAN AL T LUNT A

dl dll ¥ 1 o % 1 = aa ] ¥ O o a
u gailensuallaaudnliunsnet azvinlinsdesaasasfuuniauunnsedld  lduansaduia
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pala i lAuanslugln 36  Wethaiduiiaedlalndllifeuaumienlasldlilsunsy BlastX
version 2.2.1 (Altschul et al., 1997) eazuilasarsuiiandlamananataduaisunsaesiiuc]tly
~ p o o o P ~ Ry Y @ 1 o o Ao A
Weaupuwiauiuasunsaerilurestiuly GenBank  wadi ldndnaliiiuinansunsnaz i ium
o [ o a = 6 o 1 = A o a o
pansaNtanasuiamalamasanane  Aauwileuiunnestiuaesenlsflansma-dalsiag
(hydratase-aldolase) AoansaniIangy phnE 183 Burkholderia sp. RP0O07 (Laurie kae Lloyd-

Jones, 1999)

5 A}

10

20

TTGTGTATAA GAGTCAGGAA

60
TCAGCGTATG

70
GATGGCGTCC

30
TAGGCTCGTT
80
TGGTTCCGGG

PHNF primer

110
GCGATTGCAG
160
CGTCGTATTG
210
GCATGAAATT
260
TGCGTACGGG
310
TGCCGACCAG
360
CGTAAGCCAT
410
TAATCGACGG
460
AGCGTCGCGT

510

120
GCGCAGGGTT
170
GGCGCGATGG
220
GATCCGCCCG
270
AATACTTCGC
320
AACTCAAGCG
370
GATCGCAAGA
420
CCATCCGTGT
470
CTGCGCCCTG

—»>
130

CATGCCGGAG
180
CGAAGAAGTC
230
CCCGTCGCCG
280
CGAAGTCACG
330
GAAAGGAGAA
380
TCGGGGAACA
430
CGTCACCGGC
480
TTCACGAATA

40
CGCCCAGCCG
90
CTTCGATCGC

140
GCCGTTGCCC
190
CTGCACGACC
240
CGATCAGTTC
290
GTGGGAGCCG
340
GCGGAAGGCG
390
GTTCTGAAAT
440
TGCCACATCG
490
AACGTCAGTC

<
520

PHNR primer

CTCATGGCCG CCTGGCGGTC GCACCCAC 3!

50
ATGGCCGCCG
100
TCTCATCAGG

150
AGCAGGCCGT
200
ATTTCGTTCG
250
CTTCAGTCCC
300
CCTGCGCCAC
350
CGCGCATTAN
400
TCCCGCGTAA
450
GCAACCCCAC
500
GGCGCACGAC

o @ a

51 3.6 aeuandlalnsrasiiauiausiaunaanuns ualildau Tns  d9uNtlufIanHsUUILARIDS

dounitusrsuiiondlalnsuainsiualdday Tns  saanwsUnivansaisuiiondlalneang
vgansuallddan Tns saanusnamdulapausiounaansuuitulaalniandlalnalnsiuas
fAusulfizengnldwedinasdiianisimiauiafnmu AE uazgnATUERITINANG 5 > 3

I'd d
gaqlnsinas

3.7 MSLASANALAULARARTN

andayaasuiianalaindasaiduednamamaualiliew Tns lude 3.6 uaasliiiugn

a o

6o o A A , @ AN aAd v e . = A a =
@qﬂUﬁuﬂlﬂﬂW@%mﬂﬂllTﬂ5‘quzHjuﬂqumﬂﬁﬂuvnﬂﬂqmﬂﬂﬂuﬂq?ﬂ@ﬂ@@qﬂﬂzﬁuuWﬁ@uQ?ﬂ SN2

%1 DNA-probe anntdnnill  Iegesnuuuledinfiardlengd wfiuesianmnsiumiduiatsmnmnea
na1aaesaneliun forward primer A9ad1 PHNF (5-TGATGGCGTCCTGGTTC-3") uae reverse

primer 69891 PHNR (5-CTGACGTTTATTCGTGAAC-3)  iinAnuiuniduasiqulinsangnldna
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awasalngldnanaiin pTEB uAdwewluluy  waRAal PCR (PCR product) Nldaziauns 430

bp AR INKARAUY PCR Aananasiag Digoxigenin-dUTP (Roche, Germany) 1aeRs Random

'
¥ o 1

) A gy @ o a PRI = aa
labelling e LTI uALRLe A ANINE NN ETan LN1Ttada D TN A1 11t AT T TN ag

v
o <

Rhizobium sp. A1819ug CU-AT uazFsTanifuafnnuidn AE-probe

3.8 wimuundsrassuninelraInunstasdatgasduunsaululaslulduuas  Rhizobium
sp. ANEWUEG CU-A1

uenAEBaLeaEug CU-AT  Andaasaviandueuladsinge dranduelldutuluaey
INNITWANEAT  Souther transfer uavlaisladiu  AE-probe luanimandingangs  (high

stringency) wan1slaudtadiiluaenliuansluglyn 3.7

1234567 89101112131415 1 2 3 45 6 7 8 91011 12 1314 15

nlawa

72?1
94

AR

44

713

70

gﬂﬁ 3.7n.) mwaznlsdiaafidniauianas Rhizobium fenndaisansnduiawladmng Y
a.) uanaaineiiisasulauslacidunas AE-Probe
4a9797 1 uay 15 Lambda DNA/HindIll marker Ua 1 kb DNA ladder ANAnSL
FadiaR 2-12 AEULeT8Y Rhizobium sp. CU-A1 Ansaaisananduienladsing Aa EcoRl, Pstl, EcoRI/Pst,
BamHlI, Hindlll, BamHI/Hindlll, Bglll, Sall, Bglll/Sall, Xbal wa Xhol ANNAAL

Ta939N 13 PGEM-7Zf(+/-) Finsinensavanduiaulas] FcoRl/BamHI (FaaruaNNaaL)

a9 14 pTEB finsngisavanduiaulas] EcoRl/BamHI (FaaruANNaLIan)
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%

wudnaduevesaneiug CU-AT indaesansnduenladatinfiie  Iddnyayimainnislausled

%

iU AE-Probe  lunusinanailin pGEM-7Zf(+/-) Nindaeisavisnduiawlssd EcoRl/BamHI (Flamqy
Aunaay) TWldynunslausladuaznanaiin pTEB Ndnsaasavisnduanlasd EcoRl/BamHI

(samauANNaLan) Wdnnaualsains 3.9 Nlalwa

a

S ac v o aaa al % v ' o aa
3.9 Iﬂ@u’ﬁuml@uL@“ﬂ@ﬁﬂ'\ﬂWUﬁq CU-A1 NUEIUNINEUDINUNTITEDAARILDS DL UNEAY

4 4 o !

ualadlamduluda 3.8 M lEnsusuiaresduiingdasiunIstas ANt a LB LUNE AL

1
[ o A a & =

vulaslulanaasanaiug CU-A1T  aslddalaanTuaduansnsaesavisndwiaulas BamHI/Hindlll

3

| |
1 v a &

(Fa93ai 7) warldduonauiunduennnn AE SaNauiadszanns 4.5 dlawgianisianauidin

AaNaNA pGEM-3Zf(+/-) uaznsuanasuding £. coli IM109  Apdan E. coli JIM109 NizAaN]
WURTNANANAR28AT Blue/White selection, Dot blot hybridization Wag Southern hybridization fingl
AE-Probe muanfu  setiasmandiuuuinanainiidn pwT (317 3.8 n)  aniudulaau pwT e

T linaratnsinape pES pWR uay pSW Aduanslugili 3.8 1 A uay 9 AINAIAL

_ 8 S S z
5 b AE probe = &
5 ‘ E— — _ 3
n.) p WI (7700 bp) 200 bp PGEMESZE
S g
Z S % E
S “ = £
‘ pGEM=3Zf ‘ PpGEMS3Zf
51 3' 5' 3!
1) pES (5000 bp) a) PWR (3900 bp)
S
PpGEME3Zf
5 3

W) pSW(4700 bp)

517 3.8 n.) MNUAAMAUNLTANINTUIRINAERA PWT wazsunisassiauafnny AE Tunsinudu
a @

o a a o ar  a
ALAULRAAALNSN  U.).)  LEASIARNDLUUANAIERANANIAINN1SAUIARUTUA LA ULRERALNSNUDY
wa1adia pWT e lildlunsuiaiauiionalalng lawn wanaim pES (2.) pWR (A.) waz pSW (.)
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o v a = ' a a a @ [ ' = aa a
3.10 ‘Vl'lﬂ']ﬂlluqﬂﬂi@iﬂﬂ‘ﬂ'ﬂ\?ﬂu‘ﬂLﬂEl’J‘ll@\'iﬂUﬂ']?ﬂ@ﬂﬂ@’lﬁlﬂgsﬁlluwﬁﬂuqqﬂwa'\'&&lﬂ pWT

'
el o o o

Fuvnatauiaralanalaeda primer walking Tufluniseanuunwfinasnanmwiziuansu

b

a = s 1 dl ¥ = F% . . dl o o
faaalandanndauinsuugdn (gﬂ‘w 5) visald universal forward/reverse primer Namnziulany
1% 2 dl '8 o o a = o a 1 a = o o
sulafnuuilaradannmes  nnsunatsuTiaeala indaiiunislaemiagisnismanin (BSU) 411in
NURNLANENANZRFLAZA TUTAT WSTNR (d99.)

anunsninasuiianalaindaesdunitueaaaunsnlu pwT seiuanslugly 3.9

ORF1 —p
1  5'GGATCCTGCCATTTTTTCGGCGGGCGACTGCACACGATTTCCGGGTCCGACAGGTCCGGT
1 D P A I ASAGTDTCTT RA ATEPPGT PTG P V

61 GCGGCTGGAAAACTGGATGCACGCACTCGACCACGGCACAGTGGCCGGGGCARATGCAGC
21 R L E N W M H A L D H G|IT V A G A N A A

flavin binding fold
121 CGGTGGAGACATTGCCTACGAAGCAAAACCCTCCTTCTGGTCTGAACAATACGATCTTTA
41 6 6 D]I A Y E A K P S F W S E Q Y D L Y

181 CATTCAGGGTATCGGCTGGCCGGACCCGGACGCTAGCCGGGTGACACGCCCGCTGGACGG
61 I o 6 I G W P D P D A S R V T R P L D G

241 CAACCGGGCACTGGTGGTCGAGATGAAGAACGGACTGATCCAGAGCGCGCTCGGCATCAA
81 N R AL VVEMIKNGUL I O S A L G I N

301 TGTGTCGCGTGATATTGCGGCGATACGACGGCTGATCGACCGGCGGATCGAGGTCGATCC
101 v S R D I A A I R R L I D R R I E V D P

361 CGTGGCTGTCGCAGACCCTGAACGCCCTTTCGCGGATATGCTGAAGCAGAAAGTCTGAGA
121 vV AV A D P E R P F A DM L K Q K V *

421 CAGGACCAACCCTATGCACGGACAGCCCTGCGCTGGGCGGACTGGATAACACGGCAATAG
481 AATTCAGTTTTACAGAATTCATTTCTTTATTACAGAATTTATTTGCCACATACATCGATG
541 CCGCCTATAGTGATCACGCGGTCGGAGTGCTGGAGGGGAAGAACAGGCATCCGTCATCTC
601 GACACGGCCTTGCGGGCATTGACGATTGTACAAGGCGGGGAGTGAAAAGCGCTTCGCTTG
661 CAGCCGGAACTGGAGGAGACACCTGGCACTTCCTTGATGACGCAACCGCAGACACACCAT
721 TCCCGGCAATGATCACCCCTTAAAGGGCGGAGCCGAAAGCTCGATTGACGTTCTTGCAGT

RBS
781 CCATTGCAAGCGCTCCGGACGACCTGTTGTCGTGGGCGCTTTTTATTTCGAAGAAAGGTT

ORF2 (acnkE) —p
841 GAAGACCATGCTCACTGCTGCCGACATCCATGGGATGTACGCCATCATCGCGACCCCGGC
1 M L T A A D I H G M Y A I I A T P A

901 GAAACCCCATGCCGGAAGACTGGACGCCAAGGACACCGTTGATCTTGCCGAAACCGAGCG
19 K p H A G R L DA K D TV D L A E T E R

961 GTTGATCAACAAGCTGATCCTTGACGGTTGCGACGGCCTGATCATTACCGGTACGACGGG
39 r I ~Nn K L I L D G C D G L I I T G T T G

(Frantidnll)
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1021
59

1081
79

1141
99

1201
119

1261
139

1321
159

1381
179

1441
199

1501
219

1561
239

1621
259

1681
279

1741
299

1801

319

1861

339

1921

1981

19

2041
39

2101
59

2161
79

2221
99

CGAGTGCGCAACGCTGTCCGAGAGCGACTACCGGGCATTCGTGGACTGCGCACTTTCCAC
E ¢C A TUL S E S DY R A F V D C A L S T

CGTCAACCGGCGCATTCCCACCATCGTGGGTGCGACCGCCATGGGCGGCCATGAGGTCGT
vV N R R I P T I V G A T A M G G H E V V

GCGCCGACTGACGTTTATTCGTGAACAGGGCGCAGACGCGACGCTGCTGGGGTTGCCGAT
R R L. T A I R E Q G A D A T L L G L P M

GTGGCAGCCGGTGACGACACGGATGGCCGTCGATTATTACGCGGGAATTTCAGAACTGTT
w o p VvV T T R M A V D Y Y A G I S E L F

CCCCGATCTTGCGATCATGGCTTACGCTAATGCGCGCGCCTTCCGCTTCTCCTTTCCGCT
p b L A I M A Y A NA RAF R F S A P L

TGAGTTCTGGTCGGCAGTGGCGCAGGCGGCTCCCACCGTGACTTCGGCGAAGTATTCCCG
E F W S A V A Q A A P T V T S A K Y S R

TACGCAGGGACTGAAGGAACTGATCGCGGCGACGGGCGGGCGGATCAATTTCATGCCGAA
T ¢ 6 L X E L I A A T G G R I N F M P N

CGAAATGGTCGTGCAGGACTTCTTCGCCATCGCGCCCAATACGACGACGGCCTGCTGGGC
EM VYV QD F F A I A P N T T T A C W A

AACGGCCTCCGGCATGAACCCTGCGCCTGCAATCGCCCTGATGAGAGCGATCGAAGCCCG
T A S G M N P A P A I A L M R A I E A R

GAACCAGGACGCCATCCATACGCTGACGGCGGCCATCGGCTGGGCGAACGAGCCTATTCA
N 0 D A I H T L T A A I G W A N E P I Q

GCCCATGCTGGCCGATGCCGATCTGTTTGCGCAATACAATATCCAGATGGAAAAGACGCG
p M L A DA DL A A Q Y N I O M E K T R

GATCAATGCCGCCGGTTACAGCCAGTGCGGCCCCGTGAGACCCCCCTATCAGGACTTCCC
I N A A G Y S Q C G P V R P P Y QO D F P

GGAAGATTATGCCGCGCAGGCCCGTGAATGCGGCCAGCGCTGGCACCGCATCTGCGATGC
E DY A A Q A R E C G Q R W H R I C D A

CTATGCGGGGAATTTCAAGTTCAAGGACCACCCCTGGGAGACAGCGGGCGAACGGACGGL
Yy A G N F K F K D H P W E T A G E R T A

RBS
CTGAAACGGCAGCCGCGCCACTGCGCGCGGCGCCTTTATGCACAGCCAAACTATCTGGAG
*

ORF3 (acnK) —p
TAGGTCGATGGGATACATCACGACAGCAGACCGCATGCTGATTGGCGGCGAGCTGGTGGA
M G Y I T T A DI RMTUL I G G E L V E

AAGCACGAGCGGCGCCTGGGAAGAAACATTCAATCCAGCCGATGAAACCGCAATCGGGCG
s T s G A W E E T F N P A D E T A I G R

CGTTCCTGCCGGGACAAGGGAGGATGTGGACCGCGCCGTTGCCGCAGCCCAGGCGGCATG
v P A G T R E D V D R A V A A A Q A A W

GCCCGCATGGGCGAGCAAAACACCGAAGGAACGCGGCGAAACCATGCGCGCCTTCGGTGA
p A W A S K T P K E R G E T M R A F G E

GAAAATCCGCGCCCGCGCCACGGAAATCCTTCATGTCGAGGTTGCCGACACCGGCAACAC
K I R A R A T E I L H V E V A D T G N T

CATCACGCCGATGCGCGGAGATGTCGGCCATGCCGTCGACAGTCTCAATTACTATGCCGG
r T p M R G DV G H AV D S L N Y Y A G

(Frauntidnall)
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2821
299

2881
319

2941
339

3001
359

3061
379

3121
399

3181
419

3241
439

3301
459

3361
479

3421

CATAGCCCACGAATTGAAGGGAGAAACGATACCGGCAACCCCGGATCATCTTCACCTGAC
I A H E L K G E T I P A T P D H L H L T

CATTCGCGAGCCCTACGGCGTCGTGGCGCGGATCGTGCCGTTCAACCACCCCTTGATGTT
I R E P Y GV VAR I V P F NH P L M A

TGCAGTGGCCAGAACAGCCGCCGCCCTTGCCGCCGGCAACGCCGTCATCGTGAAGCCGCC
AV A R T A A AL A A G N AV I V K P P

GGAAACCAGCCCGCTATCGGCGATGGTGCTGGCGGAAATCGCCCGCGAGGCGCTGCCGLC
E T s P L S A MV L A E I A R E A L P P

CGGGGTGTTCAACATCGTGACCGGAACAGGCCCTTCGGTTGGTGAAGCCATCGTGCGGCA
G v FfF N TI VT GG T G P S V G E A I V R H

CCCGGAAATCAAGCGCATCGCGTTCATTGGATCGGCAGCCACCGGCCGCGCCATCCAGAG
PEIKRIA|FIGSAATG|RAIQR
NAD"™ binding fold

GACTGCGGCAGAGGTGAGCGTCAAGCATGTGACACTGGAGCTTGGCGGCAAGAACCCGAT
T A A E V S V K H V T|{L E L G G K N P|M
Active site of aldehyde dehydrogenase

GATCGTTTTTCCCGACAATGATCCGGACGAGATTGCGCAAGCCGCGGTCAAGGGAATGAA
Ir v A P DN D P D E I A Q A A V K G M N

TTTCACCTGGCAGGGCCAGTCCTGCGGCTCGACAAGCCGGTTGATGGTCCACGAAGACCT
F T W Q G 0 s ¢C G s T sS R L M V H E D L

TTACGATGCCGTGCTTGAGCGTGTGGCAAACATCGTTGCCAGCCTGCGTGTCGGCGACCC
Yy ba Vv L ER V ANTI V A S L R V G D P

GATGCGCGACGACAGCGACATGGGACCGATCAACTCCGCCGGGCAGTATCGCAAGGTCAT
M R D DS DM G P I N S A G Q Y R K V M

GGGCTATATCGAAAGCGGCAACGCCGAAGGCGCCCGGCTTGTGACAGGCGGCAACCGGLC
Gy I E S G N A E G A R L V T G G N R P

GGATGGTCAAGCCTTCGCCAAGGGTTACTGGGTCAGACCCACCGTCTTTGCCGATGTCGA
b 6 o A F A K G Y W V R P T V A A D V D

TCCACATATGCGCATCTGGCGGGAAGAGATTTTTGGACCGGTTCTCTCCGTCAGCAAATG
P H M R I W R E E I A G P V L S V S K W

GCACTCCGTCGATGAGGCGATCCGGCTTGCGAACGGTGTCGAATATGGCCTGACGGCGTC
H s v D E A I R L A N G V E Y G L T A S

GATCTGGACAAAGGATATCAAGAACGCGCTCAACACGGCACGTCGCATCGACGCTGGCCA
I w T™ K b I K N A L N T A R R I D A G H

TATCTGGATCAACGGTGTTGGCCCGCATTACCTCGGCGTGCCCTATGGCGGCATGAAGAA
I w I N G V G P H Y L G V P Y G G M K N

CAGCGGCGTCGGGCGCGAAGAGGGCATCGAGGAGATGCTGAGCTACACCGAAACCAAGGT
s 6 v G R EE G I E E ML S Y T E T K V

TCTCAATATCGTCCTGTGACACCTAAAGCAGTTCCATCAAAATTGGAAACCGGTTTTGCT
L N I v L *

GGAATTTTGTAAAAACAAAGAGATGGAGCATATCCGGCAAGCGGGAGGCGCACCGGAAAT
(Frantidnll)
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3721

93
3781
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3961
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4021

193
4081

213
4141

233
4201

253

4261

4321

4381

10

4441
30

4501
50

4561
70

ORF4 —P
RBS M P D H I K 0O T I S E A
GCTCCGGAATGCAGGGAGT TCATACCATGCCTGACCACATCAAACAGACCATCAGCGAGG

b L. R A A G A S E P L P D P A L I A D L
CGGATCTGAGGGCTGCGGGCTTTTCCGAACCGCTTCCCGACCCGGCCCTGATCGCTGATC

v A A N H I L ¥F D OQ G VvV V D A F G H V S
TCGTCGCGGCCAATCATATCCTGTTCGATCAGGGCGTGGTCGATGCGTTCGGGCATGTCA

v R H D K 0 ¢ bR Y L L A RNMA AP G O
GCGTCCGTCACGACAAACAGCAGGACCGCTACCTTCTGGCGCGCAACATGGCACCGGGTC

v s A b D I I E F T F D G E A V N G R E
AGGTGAGCGCCGACGACATCATCGAATTCACCTTCGATGGCGAGGCGGTGAATGGCCGGG

R RV Yy L E R F I H A E L Y R A R P D V
AGCGGCGCGTCTATCTCGAACGGTTCATCCATGCGGAACTCTACCGCGCAAGGCCGGATG

I AV V H S H S H s I L P L T I S K S V
TGATCGCTGTCGTTCACAGCCATTCGCATTCCATTCTGCCGCTGACCATCTCCAAATCGG

R L. R §$ VA HM A G F I G QQ D A P L F E
TGCGCCTGCGCTCCGTTTTTCATATGGCCGGTTTCATCGGTCAGGACGCACCGCTTTTCG

I R D H GG ©PATDIL L I S N S E L G H
AGATTCGCGATCATGGCGGACCGGCAACCGACCTGCTGATCAGCAACAGCGAACTGGGCC

A L A A C C G E RN I V L. M R G H G S T
ACGCGCTGGCCGCGTGCTGCGGAGAGCGGAACATCGTGCTGATGCGCGGACATGGTTCGA

v v A D S L P R A V Y R A V Y A E L N A
CCGTCGTCGCCGATTCCCTGCCAAGAGCCGTTTACCGTGCCGTCTACGCGGAACTGAATG

Ry o ¢ baI GG L G DV E Y L T E A E C
CACGCTACCAGTGTGACGCCATCGGGCTGGGCGATGTCGAATATCTGACCGAAGCCGAAT

E T s v R N V E A Q W H R P W A L W K E
GCGAAACCAGCGTCAGAAACGTGGAGGCGCAGTGGCACCGTCCTTGGGCGCTGTGGAAGG

© A A E R R A G *
AGCAGGCAGCCGAACGCCGTGCCGGATAGATGGCAGCCATCATCGTGCCGCGCGCAGGCG

RBS ORF5 — )
CGCGATAACAATTCAAGCAACATGAGAGGACATCATGGGTAATCGTCTGGATGAAAAAGT

M G N R L D E K V

GTGCGTCATCACCGGCGCGGCGCAAGGGATAGGACAGGGCTGCGCACTCGAAATGGCGGT
c v I1I T GG A A Q G I G ©Q G C A L E M A V

TCAGGGCGGCAGGATCGTTGTCAGTGACCGCAATGTCGCTGGCGGCGAGGAAACCGTTCG
6 G R I VVSsS DI RNVA G G EE T V R

GCAAATCGTCGAGCTGGGCGGTGAGGCAATCTTCGTTGCCTGTGACGTGCGGAACCGCGA
g I vEe L G G E A I F VA C D V R N R D

TGATCTCGAAGCTT 3'
D L E A
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51l 3.9 aauiaealelnauasarsunseasilufinansiaansauiaadlelnavesiuiiduesanunsn
Tunanafin pWT aunm 4574 bp  gnAsudnsiANanIsnansidiliunsaeziluaasdiu Aenus M uan
niﬂ@zﬁium%‘iﬂﬁufﬁ’uﬂugm?uﬁ’umsn@mﬁ’ﬂ (start codon) LASBIUNE * LLamasﬁﬂﬁuqmnﬁsnamsﬁ’a
(stop codon) w@eLniiiunsauarusiaiila aeudanalalnamanuinaniudinufiily putative
ribosome binding site (RBS) nsm’axmuﬁ@ﬁlum@udmiﬁmﬂmLﬁmﬁ'mmmﬁfmﬁnmsﬁﬁﬁGuuaznem
azdluflegansavausiailouanssesnusdun  nsmeziilulunfuueyinduedisiunandily

NIAURLUALN

anNAuasLiaAalalng (sense WAT antisense strands) TR e AN INTITY
lunanada pWT Idanduianalalndauin 4574 bp muiiuaaslilugd 3.9 arnguwudideria
fnsudneale nsesiusenandlilAiassilaalilsunsy BlastX Autlasdnduianalelnaliidlugn s
neeaziily aniuivlifieuesuedasdeiunsnesiuresdusnelu GenBank dwunsevsu
iaiTla (Open Reading Frame, ORF) §1uau 5 nsay seiifirnianisnansidliniadenty Ges
usnduGase L

1. nraueusviailad 1 (ORF1) fianFuNIAes R TUFLARNWIT 1 59 138 189 ORF1 B4ny
dfAnNWHenTL putative ferredoxin reductase filszsnanialogfis mocF w89 Rhizobium
leguminosarum bv. viciae (Bahar LazAnly, 1998) WNfu 33%  ORF1 FunsaueusvaiTlail
auysnl napedellannsanunssesdlundleiuiinsesdlufusnaes ORF

2. nsavEuIvaTled 2 (ORF2) fidnFunInes R TuR LA WIT 1 B9 338 189 ORF2 Beny
IflpumileutUlansina-salang  (hydratase-aldolase) ilszunasvialnafi phnE a9
Burkholderia sp. @&Wug RPO07 (Laurie Wag Lloyd-Jones, 1999) Winfiu 38% I%ia ORF2 91
acnk

3. nsavueusTALlaf 3 (ORF3) fanFunsaesRTuFaUsRWIIT 1 71 483 799 ORF3 Fan
dfenumileutu  2-aduentuudailadalalasiia  Pilsunamialaefu phdk a8
Nocardioides sp. @&Wug KP7 (Iwabuchi uay Harayama, 1997) Winriu 46% %8 ORF3 91 acnk

4. nsaususviaidled 4 (ORF4) fidnFuNInesR U UARWIT 1 B9 260 189 ORF4 Beny
dﬁﬁmmmﬁ@uﬁuiﬂiﬁuﬁﬂé’wuﬂm@%u (similar to adducin) TlszanamialaeEulualunae
MesoRhizobium loti (Kaneko UazAndg, 2000) WA 38% ORF4 @Fﬂum@uémiﬁmﬂmﬁﬁmmﬂ
ORF1-3 llaz 5

5. nsauenusTallad 5 (ORF5) fdnsunsaesitufausi w1 3 73 189 ORF5 Sany
dnfimmilaniy short-chain dehydrogenase fitlsvanasvialaefiy yigl 189 Pseudomonas

1 o

aeruginosa ANEIWUE PAO1 (Stover WazAnE, 2000) WAL 43%  ORF5 iilunseususiadlanls

anysal nanamediliansonusiangansulasiansumia gavineues ORF
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wananniganuinaiinndnasdunuieduinizeealsiulin (putative  ribosome
binding site) newntinsaugusiallannnsey  andeyaresaisutionalandainisaiiillaing
wnunarsniulauazidenswanslugly 310 aIngluenaINAzLaAILBIMANA1BLTANET NG

e a ! tg a & a & Y o ¥ Y & K a
eulrsiatingi e uiundueaaaunInaasnataiin pWT Tnsanysaludadliuansliiiunazion
Miflu ORF suAnaNIddssiunazuaassumtsingualilaen Tns unsnganluaaiugnans

E11 pinel
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311 Amseiasdadudnazananmstassangazfuunsaulnamaiugnanauas
Rhizobium sp. CU-A1 neAg Thin Layer Chromatography (TLC) ka2 High Performance
Liquid Chromatography (HPLC)

A = a \ =~ ax A oy '
L‘W‘ﬂﬂﬂ‘i:f’]gﬂLL‘].I‘LIﬂ’]ﬁ‘L%‘ﬂALL@:ﬂQﬁuzﬁﬂuﬁiﬂuﬂﬂ?ﬂﬂﬂ@@’mﬂzsﬁLLu‘Wﬁ@u LW@I‘ﬁLﬂuLLMM

6

ANSLAUUATUIMAINAIWIUNNTATYLTLA U CU-AT  shaneiugnaaviaunn 18 aneiug

q

1AL 1A IAY CFMM NRASTUUNTAY ANNITNDY 600 NN./AMT Wunal 14 41 wieunn
= aa A A , X X o v a = . - = =
azguuntaunivaseluamnaeme  laanisanasieeianrHANLAIAEiNMe T TULNE

Audng HPLC  4ANT1a3tyaauLANFafaens viable plate count  WUIN@EWWE CU-AT @190

]

toaganeasTuunEauauivIzAL annsodwsiliunuesuunsaunvaeelfdas HPLC
[ dgj d” dlf = a dla/ [ = aa dl
meluszazingn 3 Ju aaenspesmeuavTanaesyndNRus AU e TuunEauIana i
dl o 'S 1 a = a 1 = aa
wnushaaiugnatawiaziafglunulunisiasguazarnainisnlunistesaana o s uungaw

wansingriuliannanesiug CU-A1 Asuannanisnaaesiugli 3.110 0e 3.119
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(flavin) neTuluanages FAD insanzilusiumisn 33-43 289 ORF1 TngiFnnisananialsened

=]

paensnazdli TVAGANAAGGD maneiuseanuidualng Eggink et al. (1990) @4

[

ANAUNTABEH
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Tudu TXAXGD (X wunai nenezilufala)  putative ferredoxin reductase @4 Rhizobium
leguminosarum bv. viciae Fhasdlsznauvinaesssusieuloiaandaiug (oxygenase system)
Aendestunssuiun AU ATuI0saslsltiu  (thizopines) adlsloiuiluanalsznatlsvian
inositol ﬁm%’wimﬂ bacteroid lus NN (Bahar et al., 1998) Imm’au%ﬁfa’aﬂ%ammﬁlu Rhizobium
leguminosarum bv. viciae liflanaiRendesiunistiosaanaans PAHs

NeeLENUITATIAT 2 (ORF2) Widefiu acnE drdunssezdlufiannumilendulansma-galn
wa Mlazanavialaeiy phnE 984 Burkholderia sp. @eWug RPO07 (Laurie wa¥ Lloyd-Jones,
1999) winiu 38% euladlansna-dalaanas Burkholderia sp. #naisg RPO07 Vil
ﬂ’]?ﬁm‘ﬁldmﬁfufaumm trans-o-hydroxybenzylidene-pyruvic acid (tHBPA) Il salicylaldehyde Tu
AN RLAAEUUNEIAY  hasinwludnmusAaa ANt aa e LLLTY  (Laurie WA

Lloyd-Jones, 1999) Asuanslugiil 5.1

l trans-o-hydroxybenzylidene

S COOH  pyruvate

o
0
phnE J\ pyruvate
Hydratase-aldolase coon
o

| salicylaldehyde

gﬂﬁ 4.2maselfasenvadlansuna-aalaaaluy Burkholderia sp. #128Wug RP007 (Laurie Waz Lloyd-
Jones, 1999)

N2RUENUITATIAT 3 (ORF3) 130f acnk  anfunsmesiiluflimnuwileudy 2-ansuend
wutanlasmlalnsaiug flszunamialaadiu phak 999 Nocardioides sp. anaug KP7 (lwabuchi
WAy Harayama, 1997) Winfiu 46%  WULFneY3NE (conserved motif) lun13aurin NAD ™ 2194
aldehyde dehydrogenase superfamily (F/Y)(I/T)G(S/E)(T/P)XX(G/F) (Horn et al., 1991) luaau
nanasfiluRUMST 226-233 189 ORF3 Sailszneudnadnfunsaesilufel FIGSAATG uazsny
fhrﬁhLLmiwmu?mmméﬁ?ﬂﬁﬁﬁmqsﬂ,ﬂé’Lﬁmﬁuﬁmmmﬁﬂﬁmmmmxﬁ‘lurﬁhLLmi\aﬁl 227-234
(FIGSTDTG) 224 Nocardioides sp. @ntWug KP7 (lwabuchi waz Harayama, 1997) yaNaNNLEa
wuu?mmmﬁm:?mmmm@:ﬁ‘ﬂwﬁﬁme‘ﬁl 250-257 189 ORF3 Tnatszneududfunsnesalusiel
LELGGKNP %‘mfgfmﬁuﬁmmm (active site) 19988 basA lalnsalalls Pseudomonas stutzeri

anaug AN10 (Bosch et al., 1999) silanaunsnasiluluiEnusinanaflu LELGGKSP  2-anf
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vendiuwianlasslalnsaiuaes Nocardioides sp. aneiug KP7 i lunisnlasu 2-afuend
wudanlaf iy nsa o-phthalic TWdinnseesaateWiwuyian (Iwabuchi waz Harayama, 1997)

pauans g 4.3

COOH
Q 2-Carboaybenzaldehyde
CHO

v

COOH

O: o-Phihalic acid
COOH

CO, + HO

s 4.3 nsiselfisenaas 2-msuandiuudan lans lalasaiudludinistasaazaluuuriuanag

Nocardioides sp. ﬂ’lil‘ﬁubf KP7 (lwabuchi waz Harayama, 1997)

=

nsaLausialaf 4 (ORF4) aglunsauausialllnfisineain ORF1-3 uay 5 AALNIADE
Aludlanuwlewsuldsaunadaniu adducin Nilszuaaialaatulualunees Mesorhizobium loti
(Kaneko et al., 2000) winriu 38%  laqifudslinsnuuiitnnisinauaesilsfunadnaiu adducin
d
Nuluay

1 v A dl [~ 1 o A dl 1 & 1 A o 1 3

nsaususallafl 5 (ORF5) lunsaususiadlanldanysnd nanmpadaliaisnsanusia
wgAN19uLlasIia (stop codon) NAUMIegATINEa8Y ORF  andunsaasiiuiANmEeuiy short-
chain dehydrogenase Nlszanaialnatv yigl 189 Pseudomonas aeruginosa mmﬁuﬁr PAO1
(Stover et al., 2000) Winfu 43%  short-chain dehydrogenase Mnutiniiluweultdisnlunszuau
N3 B-oxidation Tuanesiug PAOT @anszuaunig B-oxidation WlaidANeadesiunistiasaans
PAHs

dl a dl 9 o 1 = aa 1 dl o

WaRansanAaineadasees ORF ALN19tasdanaasTuUnNEaAUNLIN ORF1 T9nansva
duldshunanadnazidunessaendudsnma (putative ferredoxin reductase) LadaInnuLE0
aydnilunsduiunadunieluluanazes FAD aeamefinandusining  Tnadardunsnesiily
289 ORF1 HAMNWNaUAL putative ferredoxin reductase 184 Rhizobium leguminosarum bv.

. dl | I dl 6 aa dl v o ak

viciae Miussmlsznaunilaresszuueuliiaandaiud NeadeeiunzuIunINANLe ATNTRIANT
15T (rhizopines) @alifiAdsifeadasiunisetasaaeasTwundan wi ORF1 uilunsaueau
saill i lianysainsufauinauaumieniunsnesiiuzedilsiuly  GenBank  anaiflunis
WhsuWeuieaueduiugiudeys  dwmdunistiesaats PAHs fialutiusiesnislaesndaiuaiiy

enlrsiGusiululisenistesaans (Ensley et al., 1982; Ensley & Gibson, 1983) lnaandaLua
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sznausing 4 wilqeees lHun wefnendussnng  wafaandu ISP large subunit (an) WAY
. = = a Ao ) ' < Ao o o
small subunit (B,) (Ensley et al., 1982) TunafiaandussnmailumiianilandAysanisnau

109laeandaa winueulinadimauaisiuiitasdaans PAHs anadquiifumaizaen

a o

FursnwmaluusnimmieuaaslaaandaiudsemslnAeaIannNIImALNLN1IN1NIUIaLNa sInanT

Wdnman ldamnziedfisenlumadidtnu (Simon et al, 1993)  Asiulunsil ORF1 a1alnen

¥ o 1 = aa ] o d’g A Ay o v Aa al I3 v =
AAINUNITURHURANUDSTBIULUNTAU LLmﬂW?@ﬁ;ﬂ‘ﬁ@L@uﬂ.lul,il‘ﬂll?.l‘ﬂﬁﬂ@m@ﬂ@’]@ﬂu')ﬂﬂt'ﬂvlm@ﬂ?‘]_lﬂ'lu 2Nl

v & !

ANEIANANT STz 119N 19185 Ty TR ST LN E AULAZ NN T UAAIEANUTANN TN UENNTR eI

1
4 o 1

fluinendasiunissiesaansasduuniausallAa ORF2 way ORF3 1i7afll acnf uay
] 1 v
acnK Tanansviaiiy hydratase-aldolase Way aldehyde dehydrogenase M1NaNAL Tareulmaii

asvatiadanudnnendesiunistesans PAHs a1 A lAuwansluniaan 4.1

A15199 4.1 Budszanasiaenlad hydratase-aldolase uae aldehyde dehydrogenase

fvg@?n‘w hydratase- aldehyde tiasgans LANANTANNE
aldolase dehydrogenase
Rhizobium sp. CU-A1 acnE acnk asAuUNGAL | eAded
Pseudomonas putida G7 nahE nahF LUNENAL Simon et al., 1993
Burkholderia sp. RPO07 phnE phnF Auuursu Laurie ua2 Lloyd-Jones, 1999
Nocardioides sp. KP7 phdJ phdK Auuursu lwabuchi Waz Harayama, 1997

a o a o

IHANANTUINNIAAGEENANEY acnEK WU EWRIAsEnIsanEeaauAns1eantulungs
dod e e o 4o s A e g . -
nah FunaadesiunistesaaIeuuneNaw (Simon et al., 1993) TuiduiunguiAeudreiinisanineg
28199 BunguAdnY nah Anisassailulaileseu nahAaAbACAdBFCQED tatl nahF nansiaLly
aldehyde dehydrogenase Waz nahE nam3viaLlu hydratase-aldolase B9321314 2 UAINA1INE Y
dl ﬂl, o o IS o n:ll o
BUALLATAIALTREINAAUNAY
\WNeieunnadnEessiaiuiuly Burkholderia sp. anaiug RPO07 (Laurie ua¥ Lloyd-Jones,
d} = Y a A A dl 1 o o =
1999) FAHANNATIENIABTHTUEY ORF2 WiatiW acnE NINNgA WLIN99AETeFnaeEl acnEK

-

HANUANFAINAINANWUS RPO07 TEW phnF finassvaludan lasalalnsananesanawug

9

o

RP007 atjfinriufiu phn finamsviailueuladlansina-saloiag (ohnFe) meululainlasewdaniu

NN3ARITEFRUR9ENIaY Nocardioides sp. @18WUE KP7 (lwabuchi WAz Harayama, 1997)
Seszananialunsnasfilufiadreiunsnesdluain ORF3 sitefiu acnk mnﬁla;m WUIIN9AREEN
favesiiu acnEK fansiiauuansineananeiug KP7 Tnefiu phdk finessiany 2-a1fuendu
Farlasilalnsaua afindtu phas fneamiadu neua-anfuendiuusealnguedalaws annd

AnWAHN ORF 81AY (phdJ, ORF1, phdK)
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[
v o

[ :// =3 [~ 7 o a o = a A 1 = ada
FratT1 auilulilFaNn99mBFaesnaastuninaadasiunistas aataasauungan i
R . o d” 1 1 [ = = Q; Q; v o 1
Rhizobium sp. @naug CU-AT danaagliagsamilu cluster mdlautiuninaadesiunisteasans
PAHs Zﬁ'quslmy (Simon et al., 1993; Denome et al., 1993; Takizawa et al., 1994) IpeI ORF4 @4
asunsnardluilanumieuiulilsAuipdnedy  adducin Nldinandasiunissiatdais PAHs
unsnegiszudng ORF2 uar ORF3 uar ORF5 yanaunsmaridluilaaumilaniy short-chain

dehydrogenase dailuieulmsimiiananaazifaqdeaiunistesdans PAHs A9 blABRsNea11nn

% 1 =2 v

Tnasamulaldnantwmdmnisinnululiisanistesaats PAHs Wiuddn (Denome et al,

1993)  BuiNendesiunistenaans PAHs analdatjsaniilu cluster 16 wutivilsyanasiia 2-ang

ventiuwianlass lalnsaiug aan Nocardioides sp. @aug KP7 AlAnassnlunistiasaais

]
a @

WiuyiTu Naduleunney malawna 1,455 bp Usznausag 7 Open Reading Frames (ORFs) &

kT

1
¥ o

oA g oA A P ' = o 2 = = I Y
douniilutiuninaadesiuainstesaaeWunurisuisunn 3 W waz dn 4 ORFs Nldinaadeaiy
n1stlaadaneWuuyTu (Iwabuchi Wz Harayama, 1997)
agl/ . = dl dl ¥ [ 1 a a
wanani Romine et al. (1999) wuguniNeadesiunistesaaisansezlsnnfinuananiin
. . [ 14 ' N a = a
AN Sphingomonas aromaticivorans @aneug F199 laun ludila wuwsduw wen-loaw wis-
= 1A dl dl ¥ o 1 a dl d” o o‘dgl % A
pIIOA LATWLINEUNNgdeiunstesaaawunsaunulwmeaawugil tun 8w nahE nahD
WAz nahF AN1Inszanafneg i iuuazgnAuFEuaInannIstasaaeaIsam
ao A= o Ay R =2 A 9 o . =

iRl uenildnanaiivtiu acnE uaz acnk Fangatesiunistotaatayduuw

saulu Rhizobium  Taeanliiiugn Rhizobium sp. @ewug CU-AT HEil Aana1uansineaintiu

v o 1 o v a

a} dl dl ¥ = ¥ ?.'/ = c O o a
NEIANNUNNTEREARNE PAHS mmumimmmwmmmum V]ﬂ@’]ﬁﬂu’lﬂ@i@i%ﬁ ANALNTARTH

=)

Tw uaznsdnizassinaesiu tnetiuenaaznszdnnszansliagsaniudlu cluster winisaglazdnia

%3
=X ¥

QI [J v a = o’d‘ 3 [~1 rdl dl dl 9 o 1 = ada
EN?.IHE]”W]?’]‘LI@’]ﬂUuQﬂ@I‘ﬂllVlﬂVIﬂﬁ‘ZfNQ@?ﬁ@LﬂuL@uisﬁNﬂuWLﬂﬂ'J"ll‘ﬂ\‘]ﬂ‘].Iﬂ’]ﬁ‘H‘ﬂEl@@’]ﬂ‘ﬂtsﬁLLu‘Wﬁ@u
] Qi/ a & a g;/ % QI a dl IS dl dl A dl
FRANTUALEUE LUNA1AHA PWT 1/]\161,14@’JLLG]MLLZ\]Z‘(JJZQ’]EIL‘I/\H\ILE"'IJJL‘WﬂG]';i"]"*ﬁ/?'?EI‘LL@‘LWILMZQ@L‘VV@T]’]?’?Z’I_J1

o 1 o o = dln/ d? d”d o v dl = dl Q/d” S
FALULN NNTAALTENAVUBILUNTALAULU u”ﬂﬂ’ﬂ’muﬁﬂﬂqﬂﬁﬁ‘ﬂﬁﬂu’]ﬂﬂ@ﬂﬂuﬂLLEIﬂvLﬁu aziflunnsay

o 1%

A a X |~ - | = aa  a
UNTALRAUENUAUAINE UM RTULNEAURINLNNTE AL ARNL DT LUNTAUATY

@ e sal a ¥ e 1 L) aa
ANTUNLAURANLNAIUDINUNIFURUFRNLDSDUUNTAU

HANNINaNINE A LTgVELazdnseilassaimaeil wudnaneiugnany A53 dan

6

nan 2,5-lnlansandiuuladn (neaaun@n), areiugnans B1 avanoruuniuadluuy uazanawug

naNe B5 RZANNIALUNGNAU-1,8-IMANSUBNTAN  AnNuAN1TILATE AN uAa I NNTeFUNEDg
ANNANNUETRINTTIATTYTR4TA AS3, BT WAz B5 fUNMTazanansdatumnilanzila uusazide
Tnel A53 sty i luanunsitesduunsauduuasanduau (sU7 3.11 n.) Wawnaaeaauuidvae

a

JaduunWEaLAunensn 2,5-alansandiuulean luanei B1 uay B5 warylalls (319 3.11 2.) 1iaq

67



A = aal 2~ ~ A a = - aa .o '
anasuezduunsaululaneeasBuunauA3 WY waz nIaLUna1au-1,8-laarsuandan winths 1
= a K 1 ¥ 1 & o 2
fnsuanaesrauudvasldanunsn iduunasanfueuiasnasanuls

AMNIBNUNNTeLdaANazTLUNTAUIAY Pseudomonas aeruginosa PAO1 (Selifenov et
al., 1996) wudnasduunsauazgnaend ladliily Fa-1,2-acGuuniulaoes, aviuunauailug uaz
NIALUNENAU-1,8-1AANFUANTAN ANAIAL IUNUARERNLSTULNEUAT LY LAZNIALLNENAY
1,8-laansuandaniiluansdsfiusmnuazananaawugnanauas Rhizobium sp. CU-AT  U@A991
Rhizobium sp. CU-A1 naziininnseesdataasauuniauuiunsauunsiau-1,8-laafuendan

wiumzaiuiuly Pseudomonas aeruginosa PAO1 sauanalugili 4.4

scenaphthylana

O

o4
©
©

5
—
o
o LT
g

| HO

cas-aceraphihonae 1,2 il

&b &

1-brycbocry-2- 1 2-chhyaroeyaconaghl bydane

ketnacena phihone y

©
O

— 8l

o

o

BCAnAONifeneguinones

O1—
O

«—

Wooc COH HOOC COOH

naphiia lene- 1 B oicarboeples ae s

O
©
!

- o - = - e -
lidiAs srnlsdusifgaiendnolliluanddot

51 4.4 AANstasdaItas L UNEARITUNTALUNEIAU-1,8-laAsuandaning Pseudomonas
aeruginosa PAO1 (Selifenov et al., 1996) (n.) wazatin1stagdargazduuniaulng Rhizobium sp.

CU-A1 Mdualuanuiaail
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tlaqiiudslifisenudqausdnainndesaaiensauunstaw-1,8-laasuendan  u

b

aiAduiamanuaeiugnanefiazan nse-2,5-lalansendiunledn vidensaaufian danudnidu
ANTaE TR AT WA NN TteEaANHaNT PAHS WAt (Starovoitov, 1975 way Grifoll et al.,
1995) Tauapadn Rhizobium sp. CU-AT gnansaglesaannsauunatau-1,8-lapnfuandanuily
nspauianld duhasistulnedtnauesiil
NIALUNGIAY-1,8-InAnfuandananagnedaaaataadnaiunsaluuuvau-4,5-laAsuandan
Faifluansfasusifaannistasaanswiulng Mycobacterium sp. AP1 (Vila et al., 2001) LAz

Mycobacterium sp. PYR-1 (Young et al., 1995) @ai@sisznausenanailnsaaieniyaifuan

v
a A 6o

Fauuwerlsnfniuudy 2 vy AdaeReiUNIALUNGIAN-1,8-TarfuanTan  AAUEHS 2 1ia
azaand ladnsanuuunu-4,5-laansuandan lifunsaluuursu-4-afuandaninaasmyafuen

1 -

TFALUNILUTUEON 1 1Y uATUAIRINTUAZINANTANBNTIAULLILINTUR YA SUanT aat] e
WANsa bl TwinuasReiungaLune1an-1,8-laAsueniananaasgnanuyarfuandauung
LUUTURAN 1 wy M lnadunsauunisdn waziianisFENeangan 2 @m@mumqmu%ﬁﬁmﬂ'm%
a a dl 1 1 = v ada I a o dl =
uandavasnsauunlsanivauanasiall dwhaaiudnnistesaaslniu dsuandlugiln 4.5 vise
a a a =l ai 1 1 I's a a [ =
naauunlsdnazgnifineandiay 2 azpanuuLWEu A suandanaiu 1,2-ala asand-s-
ANFLANTUUNENAY Wwileuituiinseeaaanansauunladnues Pseudomonas maltophilia CSV89
(Phale et al., 1995) Auanslugii 4.6 Geia 2 Inaziaaunsauunlsanhifunsesnalaandumen

o

nu
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“‘“

-~
A it myineg =
T

‘ O HOOC COOH
L naphihalena-1 5
A Seeicartantic aal dicarbosytic acid

COOM

CO0H l

Mphtm "
i~
CHe
ST
OH
trans-o-hydrosybensylidons
e .
L - GO0 ymuac acid

e o s
L TRy A

COOH
OH
-dwpdicy-2 e
ARG B O ]
COOH

W
F P |

aldisife anisfusdimganiendnealliluanadeil

gﬂﬁ 45 Annssaaaanalwsulng Mycobacterium sp. AP1 (Vila et al., 2001) (n.) wazlpazunsuiauadn
nsdagga1ansaLUNEIan-1,8-larsuandanine Rhizobium sp. CU-A1 (a.)
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HOOC COOH

- ©E

naphthalana-1,4-

napshfic pea

£ige 1 Dechbrpcicy- 1.2
chbtyiro-fc et ey

naphihalers
dicarbaxyic acid

T "_8@

OH CiOaN
1, 2-chrpcvpong-B-
A TP

l
— J
l

Becartamys o

COOH
-tk oy LR Ay
By ata
b
OH Eoo—
Bl el ity
CHO
SO0
OH
2-hydraxyisophthalic
acid
COOH J
v

am
Ak T
Bl
COOH COOH
1.

¥ 13
dife snisdudimganliendnenililumiddetl
51 4.6 nnmsdesaaransauunlsdning Pseudomonas maltophilia CSV89 (Phale et al., 1995) (n.) uaz
loazunsauauaitimstasgaansauune1au-1,8-laasuandaning Rhizobium sp. ANEWUE

CU-A1 (11.)

naIaNIUNTAT1A Lianazildgwdunsalauian (Fuenmayor et al., 1998) uaziasudy
wigalwgan, Wursalngian uazlwgioniuyuneym auandu (Ning et al., 2001) Aauanalugily 5.4
Wadngdpanansudsialy

u
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M OH
@ salc e Boid @
S0 CO0OH
. |
COOn CDD H
Enliale
HO
l HO
Cion {
|
r C=0 Jr 1.
: | CO0H maleylpyiuvana
___.f'
O
E l
T
[etnlnli]

C=0
fumandpyrvate
| L 2
HE £~ coom
& v

CO0H SO0

| COCH 1 COOH

_-C=0 S on=d S e,

COOH COOH

pyTUV a1 Turnarale pynaatn fumarate

gﬂﬁ 4.7 Fnnsdasganansadidlaan (Fuenmayor et al., 1998) uaznsatauian (Ning et al., 2001) (n.)
wazlnazunsuiguadItnstasdaansadia laaning Rhizobium sp. CU-A1 (a.)

Tnaagiudn uaanniswuansdsdusniinaInnIstoaauerTULNGaY 3 THARD BYTUUW
a a =~ '8 aa = a o aa
BuAI LY, NIALUNENAL-1,8-lnAfuandan waznan 2,5-lalansanTiunladn amnsaRIuet i

pUaRANILassuIesasduUBaUlY Rhizobium sp. CU-A1 16 Avilhe arfuunsauazgniuaILe

[

Tlavtldifly azduuniuadluy, neaLunsnau-1.8-laAsuandan uaznia 2.5-lalansandiuulaan

o o o o

AINRIAL Asuanalugn 4.8 Seansdeduslunaduiiuansdsdusmdsliannsnatnuanuaziali

a Qr dl a s [ 3 & % dd‘ 1 dg/ dJ % o & dl
ngmLW@WQ@umﬂ@m:fmu@zimqmwmqLﬂuml,uuﬂﬂmumm B INATABNUIANENULNANEN

ATANANTNETUABINS] LAY
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@ 0
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o s
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O _©
©

COOH
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s ale
O
1 L nl s
| [ ]
C =0
—_ - N et
paruvade Fumarale

51l7 4.8 lanzunsuiauaiimssiasaasazduuwdaulng Rhizobium sp. CU-A1
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Introduction

Acenaphthylene is a polycyclic aromatic hydrocarbon (PAH) found as constituents of
coal tar and tobacco smoke (Neurath, 1972) and organic contaminants of groundwater
(Mattox and Humenick, 1980). Acenaphthylene is one of the 16 PAHs listed in priority toxic
pollutants compiled by the US Environmental Protection Agency. This compound is well
known for causing adverse effects to humans as well as aquatic organisms (Lederer, 1985).

The metabolism of acenaphthylene by mammals and the isolated metabolites have
been reported in detail (Hopkins ef al, 1962) whereas the metabolic pathways of
acenapthylene by microorganism have been rarely investigated and remain unclear.
Schocken and Gibson (1984) reported the ability of Beijerinckia sp. to cometabolize
acenaphthylene by dioxygenation acenaphthylene to form cis-1,2-acenaphthenedihydrodiol,
1,2-dihydroxyacenaphthylene and finally to acenaphthenequinone which cannot further be
oxidized. Komatsu et al., (1993) found that the pure culture strain Pseudomonas sp. A4 can
transform acenaphthylene to 1,8-naphthalenedicarboxylic acid.  Although this strain can
utilized acenaphthylene and 1,8-naphthalenedicarboxylic acid as a sole carbon and energy
source, no metabolite from the oxidation of 1,8-naphthalenedicarboxylic acid was reported in
present. Transformation of acenaphthylene to cis-acenaphthene-1,2-diol can also be
performed by Pseudomonas aeruginosa PAO1 (pRE695) carrying naphthalene dioxygenase
gene cloned from plasmid NAH7. Then, the nonspecific dehydrogenase activities presented
in the host strain further oxidized cis-acenaphthene-1,2-diol to 1,2-acenaphthenequinone prior
to spontaneously ring fission to form naphthalene-1,8-dicarboxylic acid (Selifonov et al.,
1996). No further oxidation of naphthalene-1,8-dicarboxylic acid was found. It is also
interesting how the microorganism gains the c-atom from naphthalene-1,8-dicarboxylic acid.

In order to accumulate intermediates of acenaphthylene degradation, we mutagenized
the strain CU-A1 using transposon Tn5. The accumulated intermediates was purified by
TLC and HPLC before subjected to be identified by MS and NMR. In this paper, we
describe an novel metabolic intermediate of acenaphthylene degradation lower than
naphthalene-1,8-dicarboxylic acid. These results confirmed that the strain CU-A1 can use
acenaphthylene as substrate for growth. Moreover, the acenaphthylene degradation pathways

were also proposed.



Materials and methods

Bacterial strains and plasmids
Rhizobium sp. CU-A1 was isolated from petroleum contaminated soil in Thailand on

the basis of the ability to grow on acenaphthylene as the sole carbon and energy source.
(Phaengthai et al., 2000 ) Escherichia coli S17-1 containing the suicide vector pSUP2021

(Simon et al. 1983) was used as conjugable transposon Tn5 donor.

Media and growth conditions

Carbon-free mineral medium (CFMM) employed for routinely cultivation of the strain
CU-AI and the mutants thereof was prepared after Kasuga et al. (1997).  Acenaphthylene
and other polyaromatic compounds were solubilized in dimethyl sulfoxide whereas
protocatechuic acid in absolute ethanol.  All PAHs solution were filter sterilized through a
PTFE membrane cartridge (0.2 um in pore size; Advantec Toyo, Tokyo) and added to CFMM
following autoclaving and adjusting pH to 7.5 at a final concentration of acenaphthylene 0.6
g/1, protocatechuic acid 1 g/l and other PAHs 0.1 g/l.  Rhizobium sp. CU-A1 and mutants
thereof were routinely grown at 30 °C: with agitation at 200 rpm . Rhizobium sp. CU-A1 and
E. coli S17-1 were also cultured at 37 °C in LB or 2YT medium (Sambrook and Russel, 1999)
Agar plate were prepared by addition of Nobel or Bacto agar 1.5% (w/v). Kanamycin was
added at 50 pg/ml.  Rhizobium sp. CU-Al and mutants were kept at =70 °C in CFMM
supplemented with acenaphthylene or protocatechuic acid, respectively, in 50% glycerin

culture.

Transposon mutagenesis

Transposon Tn5 on the suicide vector pSUP2021 was conjugally transferred from F.
coli S17-1 to Rhizobium sp. CU-A1 by filter mating technique. Exponential phase cells of E.
coli S17-1 as donor and Rhizobium sp. CU-A1 as recipient in LB medium were mixed at the
donor-to-recipient ratios of 1:1 in a microfuge tube and centrifuged. @ The pellet was
resuspended in 50 pl of the supernatant and transferred to a nitrocellulose membrane (pore
size 0.45 um; Sartorius, Germany) placed on LB agar. After mating 30°C for 18-24 hours,
the cell mixture was resuspended in 1 ml 0.85% NaCl and 100-ul portion of an appropriately
diluted solution was spreaded onto CFMM agar supplemented with protocatechuic acid and
kanamycin.  Following incubation at 30°C for 4 days, transconjugants were spotted onto

master plates of the same composition.



Selection of acenaphthylene degrading defective mutants

To select acenaphthylene degrading defective mutants, transconjugants were
transferred from master plate onto CFMM agar supplemented with kanamycin and
acenaphthylene was applied as crystal on the lid. The selection plates were sealed with
parafilm and incubated at 30°C up to one week. Mutants can be screened by growth or
production of coloured metabolites on selection plated and confirmed by their inability to

grow in liquid CFMM with acenaphthalene as sole carbon and energy source within 3 days.

Extraction and purification of acenaphthylene degradation intermediates

For isolation of intermediates, acenaphthylene degrading defective mutants were
enriched in CFMM supplemented with protocatechuic acid and kanamycin at 30°C for 24
hours following by centrifugation and washing three times with 0.85% NaCl. The pellet was
resuspended in CFMM before transferred to CFMM containing 0.6 g/l acenaphthylene. The
culture was cultivated at 30°C with agitation 200 rpm for 5 days before subjected to extract
intermediates

After incubation, the culture was acidified to pH 2-3 with 1IN HCI and then extracted
twice with equal volume of ethyl acetate. The ethyl acetate extracts were pooled together and
dried over anhydrous Na,SO4 and evaporated to dryness in vacuo at 25 °C. The residue was
redissolved in methanol for further purification. Accumulated intermediates were purified by
preparative thin-layer chromatography (TLC) (TLC plate silica gel 60 Fs4, Merck, Germany)
with hexane:ethyl acetate:acetic acid (10:10:1) as the developing solvent. The major spot
was scraped off, eluted with ethyl acetate and submitted to silica gel column chromatography.
The column was stepwise-eluted with 0-100% ethyl acetate in hexane with 10% increment for
each step. Each fraction was dried over anhydrous Na,SOj, evaporated to dryness in vacuo
at 25 °C and redissolved in methanol. The resulting intermediates were analysed for their
purity by TLC and reversed phase HPLC with ODS column (Shimadzu Scientific, Japan) as
described in Nuttapun et al. (2000).

Identification of intermediates

The purified intermediates were identified by mass spectrometry using a Trio 2000
mass spectrometry (Fisons Instruments, England). The mass spectrometer was operated at 70
eV of electron ionization energy. Intermediates were identified by comparison of their

electron impact (EI) MS spectra with those obtained from authentic samples.



For 'H and "C nuclear magnetic resonance (NMR) analyses, the metabolite was
dissolved in 10% (v/v) deuterated methanol (CD;0OD) in deuterated chloroform (CDCls) and
analyzed at 500 MHz (JNM-A500 spectrometer, Jeol, Ltd., Tokyo, Japan)

Chemicals

All chemicals used in this study were obtained from Kanto Chemical, Tokyo, Japan or
Sigma-Aldrich, Steinheim, Germany. Bacteriological media were purchased from Difco
Laboratories, Detroit, Michican. Solvents were obtained from Merck, Darmstadt, Germany.

All chemicals and solvents were of the highest purity commercially available.

Results and discussion

TnS transposon mutagenesis and isolation of acenaphthylene degrading defective
mutants

In order to study the intermediate of ACN degradation by the strain CU-Al, the
transposon mutagenesis experiments were performed so as to block the gene involving ACN
degradation pathway. After conjugation using recipient strain CU-A1, the transfer frequency
of Tn5 from the donor E. coli S17-1 was observed at approximately 4.7 x 107 per recipient.
No spontaneous kanamycin-resistant mutants derived from Rhizobium sp. CU-A1 was found
under the same condition. Southern hybridization analysis revealed that Tn5 was ramdomly
inserted at only one site in the chromosomal DNA of each transconjugants (data not shown).
From about 15,000 transconjugants obtained, three mutants defective in utilizing
acenaphthylene as their sole carbon source were isolated and designated as A53, B1 and BS,

respectively.

Isolation and purification of accumulated intermediates

Preliminary determination by analytical TLC of the crude extracts from 14 days-
acenaphthylene degradation by the mutant strain A53, B1 and BS5 showed the occurrence of
spot patterns different from those of wild type strain CU-A1 (Fig 1). Major spots at R,0.22,
Ry 0.58, Ry 0.58 from strain A53, B1 and B5, named as intermediate I, II and III, respectively
were isolated from preparative thin layer chromatography and purified by silica gel column
chromatography and eluted with eluted with 0-100% ethyl acetate in hexane. HPLC analysis
confirmed the purity of intermediates as shown by single peak at retention times (R;) of 3.23,

2.61 and 2.61 min for intermediate I, II and III respectively.



Fig. 1 Analytical TLC showed accumulated intermediates after 14 days
incubation CFMM supplemented with acenaphthylene. Arrows indicated
spots of intermediates at R,0.22, R, 0.58, R, 0.58 from strain A53, B1 and BS,

respectively.

Identification of purified intermediates

MS analysis of intermediate I revealed a molecular ion (M) at m/z of 154 which was
y

the base peak and fragment ions at m/z 136, 108, 80 and 52 as shown in figure 3. This mass

spectral fragmentation pattern and a mass spectral library search suggested that intermediate I

was 2,5-dihydroxybenzoic acid (gentisic acid).

comparing the mass spectra with those of an authentic standard (data not shown).

Its identity was further confirmed by
The 'H

and °C NMR spectrum of the metabolite I was also identical to that of 2,5-dihydroxybenzoic

acid.
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Following a similar approach, intermediate II with R, of 2.61 min was analysed by
MS. The results revealed that the mass spectrum of intermediate II consisted of a molecular
ion at m/z of 182 and characteristic fragment ions at m/z values of 154, 126, 98, 87, 74, 63 and
50 and a base peak at an m/z of 182 (Fig. 4). It was identified by comparing the mass spectra

with those of an authentic sample as acenaphthenequinone.
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Fig. 3 Mass spectrum of intermediate II isolated from acenaphthylene degradation by Rhizobium sp. B1. Mass
spectral characteristic of this intermediate is shown in Table 1.

The mass spectrum of intermediate III (R,2.61 min) showed an apparent molecular ion
at an m/z of 198, fragment ions at m/z of 154, 126, 98, 87, 74, 63 and 50 (Fig. 5). The base
peak was at an m/z of 198. Its mass spectra were also similar when compared with those of
an authentic standard. Moreover, the 'H NMR of the metabolite III showed the same
spectrum as of 1,8-naphthalic anhydride. Consequently, on the basis of he molecular weight
and fragmentation patterns, the intermediate III could be identified as 1,8-naphthalic

anhydride which is an acid form of napthalene-1,8-dicarboxylic acid.
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Fig. 4 Mass spectrum of intermediate III isolated from acenaphthylene degradation by Rhizobium sp. BS. Mass
spectral characteristic of this intermediate is shown in Table 1.

Growth of Rhizobium mutant strains on intermediate I, II and I1I

In order to ensure that these three identified intermediates I, II and III are the
accumulated metabolites of acenaphthylene degrading pathway which cannot be used as
carbon sources for growth of the mutant comparing with the wild type strain CU-A1, all
mutants and wild type strains were culture in CFMM supplemented with each intermediate at

the concentration of 300 mg/1 for 8§ days.

Table 2 Growth of Rhizobium sp. CU-A1 and their TnS mutants on various substrates.

Growth on Strains

CU-AI AS3 Bl B5
Acenaphthylene + > - -
Intermediate [ + - + +
(2,5-dihydroxybenzoic acid)
Intermediate 11 + + + -
(Acenaphthenequinone)
Intermediate III + + + -

(Naphthalene-1,8-dicarboxylic acid)

* and * indicated that the strains can grow or not grow with selected substrates with in 8 days,
respectively



Discussion and conclusion

The objective of this study is to identify metabolites from acenaphthylene degradation
in Rhizobium sp. CU-A1. We therefore induced mutagenesis of this strain using transposon
TnS5 as described in previous works (Laurie and Lloyd-Jones, 1999; Simon et al., 1983).
Transposon TnS can transpose randomly into chromosomal DNA of Rhizobium sp. CU-A1
with the efficiency of approximately 4.7 x 107 per recipient cells which was comparable to
the efficiency obtained from Tn5 mutagenesis of Rhizobium meliloti (Simon et al., 1983).
Three mutant strains incapable of growing with acenaphthylene as carbon source were
selected from about 15,000 transconjugants. After incubation of these mutant strains in
CFMM supplemented with acenaphthylene for 14 days, the acidic extract was preliminary
analysed by TLC. The result showed that the mutants A53, B1 and B5 had a different TLC
pattern from each other and from wild type strain CU-A1l as shown in figure 2.  The
accumulated intermediates with R,0.22, Ry 0.58, R, 0.58 from strain A53, B1 and BS5, named
as intermediate I, II and III, respectively, as shown by a major spot with high intensity, were
subjected to purify by preparative TLC and HPLC and silica gel column chromatography.

Identification using MS and NMR compared with authentic standard revealed that
intermediates I, II and III were 2,5-dihydroxybenzoic acid (gentisic acid), acenaphthene-
quinone and naphthalene-1,8-dicarboxylic acid, respectively. Acenaphthenequinone and
naphthylene-1,8-dicarboxylic acid have been identified as intermediates of acenaphthylene
degradation by Pseudomonas aeruginosa recombinant strain PAO1 (Selifonov et al., 1996)
and Beijerinckia sp. (Schocken and Gibson, 1984). This compound was reported as a dead-
end product of acenaphthene and acenaphthylene oxidation by Pseudomonas cepacia F297
(Grifoll et al., 1995) and Ps. aeruginosa PAO1 and PAO1 (pRE695) (Selifonov et al., 1996)
On the contrary, Alcaligenase eutrophus and A. paradoxus could oxidized naphthylene-1,8-
dicarboxylic acid which was an intermediate of acenaphthene degradation, to 3-
hydroxygenzene-1,2-dicarboxylic acid. However, there was no published data available on
the further bacterial metabolism of naphthylene-1,8-dicarboxylic acid.

2,5-dihydroxybenzoic acid (gentisic acid) was newly identified as accumulated
intermediate of acenaphthylene metabolism. Gentisic acid was found to be the product of
various kinds of PAHs metabolism such as naphthalene via salicylic acid (Fuenmayor et al.,
1998.), fluorene (Grifoll et al., 1995). Gentisic acid could be further oxidized by the strain
CU-A1 to maleylpyruvate and fumarylpyruvate which are the same as Raltonia ap. strain U2
(Ning et al., 2001)

In order to confirm that these compound were actually intermediates of
acenaphthylene degradation pathways, the purified intermediates were used as substrate for
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growth of wildtype strain CU-A1 and mutant strain A53, BS and B1.  The strain CU-A1
could utilize all substrate and exhibit growth whereas all the mutants could not use
acenaphthylene as substrate for growth. The mutant strain AS53 could not use 2,5-
dihydroxybenzoic acid because this strain lacked of the enzyme involving 2,5-
dihydroxybenzoic acid oxidation due to the insertion of transposon in that gene. Therefore
AS53 could not grow on this substrate. =~ The mutant strain B1 was incapable to utilize
acenaphthenequinone which was its accumulated intermediate but it showed the growth on
acenaphthenequinone as sole carbon sources.  This can be explained by spontaneous
chemical transformation of acenaphthenequinone to naphthalene-1,8-dicarboxylic acid
(Selifonov et al., 1996) which can be further used as substrate for growth. The mutant strain
B5 accumulated naphthalene-1,8-dicarboxylic acid and could not use that substrate for growth
as well as acenaphthenequinone whereas 2,5-dihydroxybenzoic acid could be used as growth
substrate.

According to the identification of acenaphthenequinone and naphthylene-1,8-
dicarboxylic acid, it might be proposed as shown in figure 5 that the early step of
acenaphthylene degradation in Rhizobium sp. CU-Al could occur in the same manner as
proposed in P. aeruginosa PAO1 (pRE695) (Selifonov ef al., 1996). Acenaphthylene could
be dioxygenated to be cis-acenaphthene-1,2-diol. After dehydrogenation of cis-
acenaphthene-1,2-diol, acenaphthenequinone was formed and would be spontaneously
oxidized to naphthylene-1,8-dicarboxylic acid.

Naphthylene-1,8-dicarboxylic acid may be decarboxylated one of the carboxyl group
on pentene ring of acenaphthylene and hereby was converted to 1-naphthoic acid.  This
reaction may occur in the same manner as the oxidation of phenantherene-4,5-dicarboxylic
acid, an intermediate of pyrene degradation by Mycobacterium sp. AP-1 (Vila et al., 2001)
and Mycobacterium sp. PYR-1 (Young et al., 1995), in which one carboxyl group was
decarboxylated from the substrate and resulted in the formation of phenanthrene-4-carboxylic
acid. I-naphthoic acid might be dioxygenated at position 1,2 resulting in 1,2-
dihydroxynaphthalene which would be further oxidized to trans-o-hydroxybenzilidene
pyruvic acid and salicylic acid, respectively.

The other possible pathway of 1-naphthoic acid oxidation would be dioxygenation at
the position 7,8 of benzene ring of 1-naphthoic acid which contains no carboxyl group. The
resulting 1,2-dihydroxy-8-carboxynaphthalene might be oxidized to salicylic acid using the
same pathway as described for naphthoic acid degradation by Pseudomonas maltophila
CSV89. (Phale ef al., 1995)  Then, salicylic acid would be metabolised to gentisic acid,
maleyl pyruvate and fumaryl pyruvate (Fuenmayor ef al., 1998; Ning et al., 2001).
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In conclusion, we suggested that Rhizobium sp. CU-A1 has ability to cleave the fused
five-membered ring of acenaphthylene to form naphthalene-1,8-dicarboxylic acid via
acenaphthenequinone. One of the benzene ring of naphthalene-1,8-dicarboxylic acid could
further be cleaved to form 2,5-dihydroxybenzoic acid. This ability is consistent with our
earlier observation that Rhizobium sp. CU-A1 was able to use acenaphthylene as its sole

source of carbon and energy. (Phaengthai ef al., 2000)
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Figure 5 Propose pathway of acenaphthylene degradation by Rhizobium sp. strain CU-A1. Pictures printed in
bold represent the identified metabolites from this study
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