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Cloning Genes Involved in Aniline Degradation from Delftia acidovorans. Kim, Hyun-Ju, Sung Eun
Kim', Jung-Gun Kim? Jin-Cheol Kim, Gyung Ja Choi, Heung Tae Kim3, Ingyu Hwang?, Hong Gi
Kim', Kwang Yun Cho, and Seon-Woo Lee*. Bio-Organic Science Division, Korea Research Institute of
Chemical Technology, Dagjon 305-600, Korea, 'Department of Agricultural Biology, Chungnam National Uni-
versity, Daejon 305-764, Korea, “School of Applied Biology and Chemistry, Seoul National University, Suwon
441-744, Korea, *Department of Agricultural Biology, Chungbuk National University, Cheongju 361-763,
Korea — Delftia acidovorans 51-A isolated from river water degrades aniline. In order to clone genes involved in
aniline degradation, transposon Tn5-B20 was inserted into the strain 51-A to generate a mutant strain 10-4-2 that
cannot utilize aniline as a carbon source. The mutant strain was not an auxotroph but could not degrade aniline.
Southern hybridization analysis indicated that the transposon was inserted into the mutant bacterial DNA as a single
copy. Flanking DNA fragment of Tn5-B20 insertion was cloned and sequenced. DNA sequence analysis revealed
three ORFs encoding TdnQ, TdnT, and TdnA1 that arc responsible for catechol formation from aniline through oxi-
dative deamination. The analysis also confirmed that Tn5-B20 was inserted at the immediate downstream of tdnA /.
The result suggests that the transposon insertion behind tdn4 / disrupted the pathway of the catechol formation from
aniline, resulting in the mutant phenotype, which cannot degrade aniline. A large plasmid over 100-kb in size was
detected from D. acidovorans 51-A and Southern hybridization analysis with Tn5-B20 probe showed that the trans-
poson was inserted on the plasmid named pTDNS51. Our results indicated that the tdn genes on pTDNS51 of D. aci-
dovorans 51-A are involved in aniline degradation.
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ehdrol] ARRE- H7ISe] diole] HAET 1 whae] oprx
IFL dnQAFE A E Ao)Ew tdnT FAAF AbEell 2]
3] o2 7)Ao} ERFER obn|i 1Fe] FHeolHe] opdRol
catecholZ AT} A2, [FAA} 1dnd22] downstream
Z02 dnBe} tdnRel BAEN =Y tdnB= reductase?} A
39 1dnRe] AFE-E tdn operon®] HHE Moz A
= LysR 53¢] response regulator® ¥ =it}

ol AT ZH7} o] 7HEeM opdA S g leE o
43 4 Qe v ESe] EejEe oF nAES gt of
gd7e] By} Bagl vl Qloh[12]. B A7 olF F obd
A Fslsol 3 ¥ 52 3 &9 Delftia acidovorans
51-A 2HE] opdd B3 FAAE F=I3] H3le o
Y=

e o WY

A2 ZF ¥ X

D. acidovorans 51-A%} ~1 transposon AFY W o] A &2
nutrient agar(NA)ol| A3l transposon A+ = o] A)|
£2] 79 kanamycin 50 pg/mlE H7H3E viR]ol| A wjoF
sl obd® EalleS AR At oA R
mineral salt ¥} Z][12]Z o]-&3lglon opdA L &4 17
(Junsei Chemical Co., Ltd., Tokyo, JapanyS AHE-3led 300
ug/ml A7FslAe}. E. coli strains—> Luria-Bertani(LB) #
Aol At SYAE A7Este] moksld=dl AR A
E9 BEE ool 3tk Ampicillin 100 pug/ml;
Kanamycin 50 pg/ml; Rifampicin 50 ug/ml. A}-&-8 732}

Table 1. Bacterial strains and plasmids used

plasmid= Table 1o HA| 3}t

ol =sdd

D. acidovorans 51-A2} 7L transposon o] 5] opd®l
F3l5-g oln] B3k uie)] wiel Z3A819Ac}H12]. Nutrient
brothol] WA} wfekgt FAE 4°Coll A 10,000 pm e YA
22]53 15 mM phosphate buffer(pH 7.0)%. 23] H|2{3F o}
£ HAwiA]2] mineral salt YR 2 Esled 550 nmel| A T
Ao FH=7F 0.3(2F 2.0x10° cfvml)o] HEZ Mgl
A% Fgel 200 miol] oPdBE 300 pg/ml H =5 A7}
o] 30°CellA 200 pmo2 AehufFalmA wf 8x|7F 7472
2 AEE $E3la dAEeEsld Ad S AR 234
£ o83l 280 nmellA o] FRE=E FABl Hallss 3
Aslgdct.

Transposon &{¢] HO|R=

obd® Eao A=A FHAE &3] Hle D.
acidovorans 51-AE- transposons ©]-4-3}e] oA &S of
e} 7] f7]8kd . AME-3F transposon Tn59| =4
Q] Tn5-B20 ©]ieH21]. ®1A] D. acidovorans 51-A @5-%
rifampicin®] H7H NA Wizl A A &ste] A o ul oFstar
AEA171HA rifampicin A8 o] B FFE AU
I D. acidovorans S1-A2RE wWslgct Awd FF=2
transposons =33}7] $18le] D. acidovorans 51-AS
rifampicin®] A7} 2ml®] NB broth ¥l =] el A 18A] 2}
28°Col|A] vl eF&}3L, transposon A|F w5-¢l E. coli S17-1
(pSUP102-Cm::Tn5-B20)2 kanamycin®] 3H7l% 2 ml9]

Strains or plasmids Relevant characteristics® Source or
Reference
E. coli
$17-1 thi pro hsdR™ hsdM™ recA 22
DH5a F recAl A(lacZYA-argF) U169 hsdR17 thi-1 gyra66 supE44 endAl reldl A(lacZ) M15 19
D. acidovorans
51-A Wild type, aniline degradation 12
51-A2R Rif", derived from wild type this study
4-5-1 Kan', Tn5-B20 mutant this study
10-4-2 Kan', Tn5-B20 mutant this study
10-3-3 Kan', Tn5-B20 mutant this study
Plasmids
pUCI119 Ap’, cloning vector 25
pUC129 Ap', cloning vector 11
pSUP102-Cm::Tn5-B20 Km', Tn5-derived transposable promoter probe 21
pHRP311 Gm’, Sm’, a RSF1010 derivative, broad-host-range transcriptional fusion vector 17
pUCI10A Ap', a 16-kb EcoRI fragment carrying Tn5-B20 of D. acidovorans 10-4-2 in pUCI119 this study
pUCI0AX Ap', a 6.1-kb Xhol fragment of pUC10A in pUC129 this study
pTDNS51 Aniline degradation this study

2Ap", Ampicillin resistance; Gm", Gentamycin resistance; Km, Kanamycin resistance; Snf, Streptomycin resistance; Kan', chromosomal kan-

amycin resistance; Rif, chromosomal rifampicin resistance



LB brothel] 37°CellA] 18412} Zleaiekslsie}. 7 o5 7+
7t & A7 A7 Al2$- LB broth wix]el] 1/1002
BMsle Aldiieraldet. 247 wiekde] 600 nmoll A §5%
=7} 0.6 0.8 Aleld o 1 mAS FHale] FAIRe] F A4
A Q4R 23] AHIT S 1 mid] Al AE
gatodst. F #5728 H=gHE membrane filter(0.45 um
pore size) $loll E3}sle] membrane filter mating B} [26]
L2 transposons 8 TF¢ D. acidovorans 51-AZ =
43} rifampicing} kanamycine] H7}E NA wiz]e] xut
sle] AAshe F2UES Tns-B20 AFS] woldl 2 Auts}
At

XH=8} DNA

D. acidovorans 51-A2] & DNA %2, E coliE 58 &
gfam| = B, AgFEAE o]-4-3 DNA At DNA A=
gh, DNA 3A3 3}, agarose 3171935 52 £53kd ¥4}
23 ubgo) ael £3sl{e[19]. obdd Esjlo ##
% 53212 transposone] AFIE o)A 2HE] 2] $)3}e]
Woldl 10-4-22%€] & DNAE Felsle] FEcoRIS2 Ak
313l o] 55 pUC11% AFYI3le] Held] DNA libraryE Al
zhslgd el A 2El DNA library S E. colioll 3 2 A 318} o]
kanamycin®} ampicilline] 7}l LB wj#]ollA] Tn5-B203}
I AR T FAAES 7H clones AT 5 Q)
e}, el WolA] 10-4-2¢] A% Tn5-B20°] kanamycin
A RS 7RI Q1L EcoRIel 9]8) QlA)w] = $-9)
7} kanamycin A& FAxRe] 2ol Q7] i) 753}
Ark(Fig. 1). AALE clone® pUCI10AR B3l a Wl
AFEAZ AFEAS A EE 28Tk pUCI0A ZA4-E]
6.1-kb®] Xhol9Z A= DNA Z7h& pUC12%I1 AR}
o pUCI0AXE A|zHe}4de}. pUCI0AXS] 4H] DNAZL &
ol# 10-4-2%] TnS-B209] ARIF-9lol=2 DNA g71Md 2
Aol o]-8-3}ic}h. DNA 97|1Md AA-2 Al =H] (Genotech,
Daejon, Korea)l|A] A2kl 17144 A3 H(ABI 3700)
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< o83} ZAAEAIL o] F 98 primerS- A xH ol A
T3 vt DNA 97] ¥4 2 the National Center for
Biotechnology Information(NCBI)el| A] #]-3-38}+= BLAST
ze g o83t .

E2tanj= A& % Southern hybridization

obdd S Hallsl= D. acidovorans 51-A T S8t
v =7} ERBR=A] o= o] dEA Al whlel| oiel
3310 =H9]. Transposon A o] Al A transposon®] 4+
s 9 ARl X AAE #18f Southern hybridizationS =
8315 c}. Probe= Tn5-B20ol| EA81= lacZ A7+ o
H-2 o] g3ledct. A, pHRP311S HindllI$} EcoRVZ A
sl Jacz2] 4¥-9) 1.7-kb2) DNA ZZ+E 343151 o)
£ digoxigenin-dUTP DNA labeling kit(Boehringer GmbH,
Mannheim, Germany)E ©|$-3}e] labeling 3t D.
acidovorans 51-A$} transposon 4ty W o) 24-E] Hels)
ZEAn = DNAE A7199% % nylon membrane® 2
Southern blot 3}3it}. ¥ transposons A2 A ¢
BamHl, EcoRV, Ps1®.% 51-A 3¢+ 2L transposon A+
Holxe] & DNAE Aw3le] F7]935F nylon membrane
22 Southern blot 3}¢J=}. High stringencyel}A] hybridization
5 ZA&2- P71l disodium 3-(4-methoxyspiro(1,2-
dioxetane-3,2'(5'chloro) tricyclo [3.3.1.137] decan(-4-yl) phenyl
phosphate(CSPD; Boehringer)s- Al8-3le] 433}3]c}.

GenBank Accession H&

E A FolM EEg FHAEY 971492 GenBank
accession No. AY 1686460 A|Zx|o] glv}.

3 % 0

Transposon &f¢] Ho|#FE Mef
D. acidovorans 51-A®] Tn5-B20& 44 3te] & 5,670
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Fig. 1. Restriction map of pUC10A (A) and pUC10AX (B) carrying Tn5-B20 insertion in tdn operon of D. acidovorans 51-A. Km
indicates the kanamycin resistance gene within Tn5-B20. tnsA is a gene encoding transposase of Tn5. E: EcoRl, P: Pstl, S: Sphl, X:

Xbal, Xh: Xhol



28 Kmetal

HolAE grale opdy Ealle-S AT & WolA)
< kanamycin®] 3715l NA wjz| 9} obd& o] Hrixwl
mineral salt agar ¥JA]ol] replica platingdte] opd=le] A7}
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Aoz o] f5lx] Hohe FF-5 HolAHE ALET. olF
5 WolA 10428} 9-6-1-> obd¥ o] b FHAwjRoAM
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S AEZ zpo)7} glo] obERS A Fslx] E3F ubd
(Fig. 2), 4-5-1 ¥ o)Al A o] H7l ghor} 39 Foll= o
22| obdHE Falste] obdd FalTell ofslA H3S
2 fr3e] WolA| 2 FEslch o)Al 10-4-29} 9-6-19)
% DNAE AI71A] A& A (BamHI, EcoRV, Psi)E A3}
3 lacZ A} probeE Southern hybridizations 43§33
< o FHelA zke] Aolsb A WHAF A YT Tns-
B20% single copyZ AFYENSS & 4 AUsdTHFig. 3). o
24 o] 3] Al HelE Hsl WelAl IF 10428 A
FHo= o] &3t HolA| 10-4-2% T L a3l
fFrdd eadez o433l o ZAAAHY FHAM
transposon®] AUEE AR AF o HolA] 4-5-19]
73-%- transposon AY F-92] AR} obdH Hallol] Thed
At AAH 2 FQsR = dS AR 1A= D.
acidovorans 51-A$} L transposon At o] A 10-4-22]
272 nutrient brothol| Al 73813 o o}F-= xjo)r}
A=A A3kt
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Fig. 2. Aniline degradation by D. acidovorans 51-A and trans-
poson mutants in mineral salt media supplemented with 300
ug/ml of aniline over incubation period. X-axis represents the
percentage of the remained aniline. D. acidovorans 51-A (@);
D. acidovorans 10-3-3 (A); D. acidovorans 10-4-2 (@); D. aci-
dovorans 4-5-1 ((J).

Fig. 3. Gel electrophoresis of total genomic DNA of D. aci-
dovorans 51-A and transposon mutants and Southern hybrid-
ization of the genomic DNA with /acZ probe of Tn5-B20. 1. A-
DNA digested with HindIll; 2. D. acidovorans 51-A total DNA
digested with BamHI; 3. D. acidovorans 51-4 total DNA digested
with BamHI; 4. D. acidovorans 9-6-1 total DNA digested with
BamHl; 5. D. acidovorans 9-6-1 total DNA digested with Psf; 6.
D. acidovorans 10-4-2 total DNA digested with BamHI; 7. D. aci-
dovorans 10-4-2 total DNA digested with Pstl;

OldBl =ojztH EZIADIE HE

oPdE-g Balsl= D. acidovorans 51-Adl) ZepAn|= =
AeAF-E 718 Eelew|= A 9p 8l Sasle] 51-
A FFo] 100-kb o]43e] Avtet Fepan]| =) £A1ghS- o
< UK Fig. 4). 2TF 51-A8) HolA] 104-224F &
EefAau| =8 o] 88} lacZ probeE Southern hybridization
Z3}) WolA 10-4-29] Z=l2un]| =o)X hybridization 4] 3-E

Fig. 4. Gel electrophoresis of plasmids from D. acidovorans 51-
A and 10-4-2 and Southern hybridization with lacZ probe of
Tn5-B20. Arrow indicates the plasmid pTDN51 from D. aci-
dovorans strains. 1. A-DNA digested with HindlIll; 2. Plasmid iso-
lated from D. acidovorans 51-A; 3. Plasmid isolated from D.
acidovorans 10-4-2; 4. linearized plasmid pUC119 carrying 3.5-kb
lacZ.
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Fig. 5. Alignment of Rieske [2Fe-2S] domain of TdnA1l from D. acidovorans (Da), P putzda (Pp) [6 GenBank Accession D85415],
and XamoC from Xanthobacter strain Py2 (Xa) [28; GenBank Accession AJ012090]. Identical amino acids are shown as shade.
Asterisks indicate the conserved motifs, the Rieske domains (CXH, CXXH).

HEE = A% (Fig. 4). & anilineS F3l|5HA] X3 ¥
ol Al 10-4-29] 7% Fig. 33 TnS5-B20°] single copyZ
AEE ol dE Eekin| =) AR A2E Bl D
acidovorans 51-AdllA] oFd® Hsjlol| A=ME FAIx}Ee] of
fﬁ 'Ea}’\” 1= ARG o 5 AU 7&%% Eetar]
“ pTDN51Z =maglct. v &s o}\é sl
P putlda mt-2(ATCC33015)2] 73$- opde & catechob‘i A
e fAANEe] A8 Fekv| =<l pTDNIeY] 9138}
Ao LeiA Qlohs, 16]. HTol opdHS Halg 4= =
Comamonadaceae®l| <38l Comamonas testosteroni$; D.
acidovorans TFE°) tdnQ FAAE Ee)An|Zef) H$-3)
I gler opddl Falls Foll alelA wekto] =gt akedct
[3]. ol oFE™ ol AE FHA}E°] Comamonadaceae
4 Pseudomonadaceas]] UuFAH o8 Zalin|=e)| Ea)s}
horizontal gene transferol] 2]8)] A}33) #Ailsle] glom o}
F3HAl WHolH o k& 7FeAdE AlAIBIE

DNA ¥7|Med 28 X tah REXES 83

AR WelH] 10-4-225E] Tn5-B20°] AHFIE F919)
AAES E53te] 6.1-kb%] DNA 97|A9-& AAs
Tn52] transposase(tnsAYs- encoded, }~— 2Rk 100% YA
= K-97} w7do] Ee] cloningdt ¥-$17} D. acidovorans
10-4-2 W olAlell A Tn5-B20 AUE oAF$ 9e o 4= 3l
olv}h. TnsA2] upstreamell A Al 71 2] €49 8} open reading
frame(ORFYEo| WAEJ = o5 7159 P putida mt-
2 #Fol A BEl pTDNI Zet2~u] =W dn operon®)
tdnQ, tdnT, tdnd12] deduced o)A YG 6] &2 A5
A& Bodot. webM D, acidovorans 51-AcA E&idt #-4
AEE FUSA 1dnQ, tdnT, tdnd 122 HHE]c}(Fig. 1).
W ol 10-4-201 A=l Tn5-B20-2 tdnAl2] stop codon
(TGA) B2 downstreamel] RAXRAT}. D. acidovorans 51-
A2 tdn operonz} o|u] B 31¥ pTDNI1Y tdn operon}2]
operon A5 W8 o Tn5-B20-2 pTDNS12| 1dnd i3}
tdnA2 Arolell A EH AT oA AHCHFig. 1). & A4
Z X pTDNSI A% tdnA12] downstreamol] tdnA2, tdnA,
tdnRo}l AA A &A= & gt P oputida mt-22]
pTDNI1[6]7} D. acidovorans 51-A2] pTDNS1 42 A}
] 9] deduced o}v] At MA7Ee] AFEAI-E ofefi 9} Ze);
1dnO(86% identity), 1dnT(65% identity), tnd1(82% identity).

7} A1) deduced oF] At Ad-g W5 TdnAlellA]
old# oxygenase?] large subuunite] 7}X] I ¥ conserved
domaingl [2Fe-2S]R Rieske-type ligand center(Fig. 5)7}
WA= 9L 18].

o}2l7}2] opd# & Ballsl= Comamonadaceac 152 o
F2XE] 1dn operon®] full-length7} BETEA] ¢k ©hX]
D. acidovorans TF SA tdnQ A=ke] griMde] F
HAo2 BaEr}3]. o] F-EHel 1dnQ deduced o}F]
XA Mh} B 5 51-A9] 1dnQ9] deduced ofu| A MF
Atele] s|eFRL]elA] 99% identityS Hich wlebr] B AF
ANZ F3] 9L tdn operon FHAE-S D. acidovorans
LME132} CA28 d5E52] tdn operon A= 714 717t
$ 7oE &3 5= Qi) oA o] dFEClA tdn
operon FAH RS- 243] cloning Hoy A F3HH A
tdnQ F7AAFe] 475t cloning Fef = Aele]T}3]. o}
742 o]E FAAFES deduced o)At Mo &) 7)%
o] i FE QIS ¥ FAA AFES] 7] 7 U
UA] edet6]. g 2 AFol|A Belgt FAAE F wdnal

o] Acinetobacter sp. TF YAAO)A] odF Alzlo)] hed3}
+ aniline oxygenase gene atdA[5, 24]9} o}n] Al A] ]
X 53% G35t

HA7HA] A 370 A obdH Y] Fall e T2 AAEAHY
Ao o] gh=d[7, 15] L 37]A¢) Ealle] A HAl=
ol catechol® A3kl AFS}A deamination ©]v}.
T P putida pTDN1|A E29 ¥ tdn operon® A7
o] AF}H deamination®l] TAF] ¢l-& AL AAEAHL,
50 7 oRX7kA] A gEA A ¢ ok f
AR} AbEe 7138k 58t ol'd® 9] catecholZ A &)
A o] FE2EATH6]. D. acidovorans 51-Adl|A F2]¥ F
AAEE 715322 pIDNI®| §AAEH 43 7155
IR S AR ANEA

[w) [«)3
hed =

ohd &g Hallgd 4~ U= Delftia acidovoran 51-A7} 7]
Foll Eel=le] obdd Fallge] o] RuE]. o]
F2e] ohdd Yohuel SRS A1) Aokl Tns-
B20 A1) HolAES $E8ld Jopa7ale] opjwA opd

< Bl %i*: tﬂﬂﬁ?‘ D. acidovorans 10-4-2 45




30 Kmetal

Z Aukslgdr}. Southern hybridization A3} o] ¥ o] -5
+ Tn5-B20°] & copydt A A o2 Jepdr}. o] ¥o]
752 Tn5-B20 A4le] Q1A AAES Eelsted 9714
d& A Z3 opddl sl A Aol sEEhs obd
219] catechol®2] AF2}H deaminationol] FHHEe] 9= A
02 FA3= 1dnQ, tdnT, tdndl FHAE] FAHFHDN
Tn5-B20-Z tdnd19) viE ol AlE A& & 5 ek
TdnA2 g downstream®] FAA} 7158 AAd3le] obdd S
catecholZ. 1 8h31= 3}Aol] Wo]7} WAL ujalr] opd
& BAYC R oA Kk XEY S A B Aem
AEZ2E 4 312t Tns-B20 9] Y3 DNA &7 probe
2 Southern hybridization Z ¥} transposon 44 ©] o & 2]
Zem| ol AR 22 viehd tdn §AFE] pTDNSI
ole}al g3k 100-kb o)) W3 Feprn|=of] $RFE &4
4= sldo}. olake] A= D. acidovorans 51-A9] pTDNS51
el tdn FAARSC] obdRe] ol FHFE HejFot

#Atel 2

£ dTe A7leR SAQTEA (1:03-046) A4
o2 Y=gl on ojo] ZAEII.
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