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Comparative Analysis of Aniline Dioxygenase Genes from Aniline Degrading Bacteria, Burkholderia sp.
HY1 and Delftia sp. HY99. Kahng, Hyung-Yeel* and Kye-Heon Oh'. Department of Environmental Educa-
tion, Sunchon National University, Sunchon 540-742, Korea, and Department of Life Science, 'Soonchunhyang
University, PO. BOX 97, Asan, Chung-Nam 336-600, Korea — In this study, aniline dioxygenase genes responsi-
ble for initial catabolism of aniline in Burkholderia sp. HY 1 and Delftia sp. HY99 were cloned and the amino
acid sequences were comparatively analyzed, which already have been reported as bacteria utilizing aniline as
a sole source of carbon and nitrogen, B. sp. HY1 was found to have at least a plasmid, and the plasmid-cured
strain, B. sp. HY 1-PC obtained using mitomycin C was tested with wild type strain to investigate whether the
former maintained the degradability for aniline. This proved that the aniline oxygenase gene from B. sp. HY1
was located in chromosomal DNA, not in plasmid DNA. Aniline dioxygenase small subunits from B. sp. HY1
and D. sp. HY99 were found, based on 146 amino acids, to share 79% similarity. Notably, ado2 genes from B.
sp. HY'1 and D. sp. HY99 which were found to be terminal dioxygenase of aniline dioxygenase small subunit
showed 99% similarity in the deduced amino acid sequences with tdnA2 of Frateuria sp. ANA-18 and danA2
of D. sp. AN3, respectively. Besides, enzyme assay and amino acid sequence analysis of catechol dioxygenase
supported the previous report that B. sp. HY 1 might occupy ortho-cleavage pathway using catechol 1,2-diox-
ygenase, while D. sp. HY99 might occupy catechol 2,3-dioxygenase for meta-cleavage pathway.
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sp. ANA-18[18], ZL28]3L Pseudomonas putida UCC22{4]
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2 @7lA aniline ¥-HHAE B FF2 o)A
AT B3l ok =AM anilined 73 Esljat 4
U ALR ¥ Bukholderia sp. HY1[8)3 Delftia sp.
HY9[TIE AME3l9laL, §44 239 2 48 s
E. coli IM109% ~M&-313let. AMRE Z2wiAE S/ 1L
3 1g KHPO,, lg KH,PO, 0.41g MgSO, - 7TH,0,
0.05 g FeSO, - 7H,0, 0.02 g CaCOsll T stagd o A
2422 1 g9 aniline EFsh F7PAE A3l
Aniline A MA o] HEFH F FF= TF 30°CelA 180
rpm 2. Aet w3l om, P 8o el mAuiA] S AR
vt fAdA 234 98 E coli IM109S ARE-SH o
<+ Luria-Bertani(L B) (Difco, Sparks, USA)Hl X o] A 3=
E ke, FAASA L] AES $el = ampicillin
100 pg/mtE LB ¥izlol] Hr}sled ARgstedet. 2 ghel] o
HHA ¢ wioF P2 o] dTollA AREEE ubiel ot
2t A5 Fstans] £ A7l TR AFHA
& AFE AT aniline} YA § ZE AF-S Sigma

ol FIale] AME-Bc.

Aniline HiQFl W &==22| ¥F2| dioxygenase {EA}
24

AF2] g o] EAIR 10 g& 1 mM anilineo]
FE A A ol 12 oA} A7) 7Y wiekshaA 15
L2 10 miE #3led 3 mM2] F5E anilinee] 718
A A aniline F3NFY-& FAHAT. o] B E]
A ¢4 LHE TF HY19 HY99SZRE 2
genomic DNAE- ~}-8-3}] total genomic DNA$} dioxy-
genase fAANNA 71 2 2% Rieske iron-sulfur motif
of] 7)33}e] w513l degenerate oligonucleotide primersE-
AREBle] BallAAE AR, PCR 223} dioxygenase
FrAARe] FA4-Z ofu] Uil uhgel vl Psigdci(11].

Total genomic DNA E2[e} ZX|

Bukholderia sp. HY13} Delftia sp. HY99& 50 ml2]
LB wjx]ol] HEskT 30°CoA 180 rpmoE. 244]7F E<t
v oFak ¥ 94132](6,300 x g, 10 min, 4°C)a}e] A EE-
sl d}. 345 oA EE 5 ml TES buffer [0.1 M
Tris-HCI(pH 7.0), 0.01 M EDTA, 1 M NaCl|& ] ¥ &3}
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a2, lysozyme(10 mg/mlyS 200 pL &H7}sked 37°Co| A 15
H2F ¥ESAIF . 10% SDSE 100 pL AHrbska, Bejxql
DNA Ak wA]8l7] 9)sle] AA3) HelE F 50 uL
proteinase K(20 mg/ml)$} 5 ul RNaseZ H7}sled 37°Ce)
] 3087 BFSAIZEE. 5 ml TES buffer® o] A7)8 10
mi®} phenoks 713l A AelFqc). YAl S F3)ed
dofdl AN L Heted 2L wbe2 &3 F TFY
phenol/chloroform/isoamy! alcohol®. 23], chloroform2.&
13] Aleiia. AR L Holed 2L tube2 $2 F U
10 volume®| 3M sodium acetate(pH 5.4)¢} 2-3 volume2)
100% ethanolZ A7}sled 3087k Aol whAlsladc).
Ae]l F AAAE HE R, 70% ethanold A28l AF
5 Aol F, oA 3 A EeEiY ARG wEx
37| FolA] ethanote A|Ag ¥ AHMES 500 pLe] P
grof] Fo] o3 Aol AM-sldtt. 0.8% agarose gelol] A
71¢d%& A Al5te] DNA bandE 2l F UV-spectro-
photometer(DU 800, Beckman Coulter, Fullerton, USA)E
o] g3t} Aeatsdc}. Total DNAS HAZE 3] crude
DNAE 10 ml cesium chioride-8-9 oA 3¢l & ethidium
bromideZ H7}3}37 102,200 x goll A 2047 B1F QAR
231t 2UAEe] F total genomic DNA bandE 3)4>
33 cesium chloride®} ethidium bromideZ A|78}7] 43}
o] 0.02 um membrane filterS °]-§-3ted 3087+ FA3}o]
DNA &4-& 33t 553 F 54 AxE S35
Ast AlB2 ARk
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Bukholderia sp. HY12] Z8}A0] =7} aniline o] 2
HE FAAE 23 e AE Hs] Hske] 71E 4y
(2019 whgel whet Zekanl = curing APS S8
HY1 F5Z LB AAiR]o) A 1247} 2edufeksa o) wjok
% 100 pLE Hsbe] 33 FE(10-90 pg/mle] mitomycin
C(Sigma-Aldrich, St. Louis, USAY} Z7}5 LB A wj=)
o] BRA] AHEsle] 48417k B4t wieFslaiet. o] wioky = &
Fo] A4S JAEA 9 5% mitomycin C(90 pg/
miy} A7HE wixE sl M3 & LB Aux]e)] =
waled 30°CellM 297t wioksisiet. wioksl E2vE 1B
A A 2} aniline WXl replica W[12]22 HE3 F
aniline #3155 A3 FR AT} Fale-E X8k 9
£ FRAFES 72 1018 AE3}e] total genomic DNAZ

- 22IE ¥ 1% agarose gelollA] EEtAn|E ExjeHE 3

1&g},

Aniline®} catechol oxygenase SAME &4
Aniline ¥ catechol oxygenase 842 B2 77} 2135
31 AR #4571 aniline #3815 I8k RIS &

oI37] $1sked H el wle} s}, Aniline @ catechol
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e 245 9siM 4 75 pH 7.0% aniline #]AwiA]
oA 24717k <t wickstlet. Wik A EE ERRE F 40
mM phosphate buffer(pH 7.0)Z Al ¥ A 23 F 1 mM
2] anilineo] E£&¥ 10 ml2} 40 mM phosphate buffer”}
221 flo) 0.DZke] 1.00] HEF FFh | ml A|BE 4
AZ¥ ok 24X 7ol A FH3E F ofw] AEixl Wbl wle}
HPLC(Shimadzu, Tokyo, Japan)Z £ 5} oH8]. Aniline
oxygenase A2 aniline =9 ZA&E AAsAT. &
gan| =7} AlAE d5ol 218} aniline ¥l AHE<Q] catechol
9] Ba%-& A8t} Catechol oxygenase 842 F 7l
2] BE catechol #3172l 3l HAo] Aol o}
2 ¥-S 28]dlgd ol Catechol 1,2-dioxygenase Al -
Aoki ¥ [3]0 whe} BA s, catechol 2,3-dioxygenase
-2 Nozaki ¥ [19]] mhe} S35},

Aniline dioxygenase primer M % PCR &=

A 752 aniline doxygenaseS #43}7] $)3}od
Acinetobacter sp. YAA2] o2} B subunit®E: 7| F o=,
Pseudomonas putida UCC222] tdnd13} tdnA2 +3AF A

5 =2 7P d BER F91E Al T osetd] PCR
4 primerE A2tk (Table 1), AZE primer &
ADOLUS} ADOL-Z aniline dioxygenase®| large subunit®]
SHAZ 2E3)7] 9l5ke] AMEYT, ADOSU, ADOSLE
small subunit®] FARE FF3}17] $3le] ARE-31¢ic). H
Kol W=}, F set?) primers E-83le PCR A 343}
Atk PCR 272 50 ng 550 DNAS F8oa Al43]
I 95°Cell A 13, 55°Cl A 18, 72°Coll A 18] 712
33 £33 F HEH o= 720Col A 1087 vke-& 43
319Avt. 1% agarose gelol|A] A 719535} od|AF=E= DNA
S EAME-S 9IS}, aniline dioxygenase librarys THE=
) ARESIY. B2 R aniline 3fAMES] catechol®) T
A7 2ol AHH FARE FA3] il F AHE
primer, CI20U(5-GAV BKS TGG CAC GCS RA)$}
CI120L(5AWG TWD ADC TGS GIG GTS SA), 181

Table 1. Degenerate primers used for the detection of aniline
dioxygenase in this study.

Primers Oligonucleotide sequences Source

Large subunit
ADOLU 5'-CYT ACC AYG GYT GGM RWT TC
ADOLL 5-CAT MAY YGG RAA ATC CTC CTG RG
Small subunit
ADOSU 5'-GAG SCK GCG CKT GAK CRC RAS AT
ADOSL 5'-GT'C GWT YAR ATT KAY CTG

Degenerate primers was designed based on the consensus sequences
of aand +, subunits of Acinetobacter sp. YAA, and tdnA 1 and tdnA2
of Pseudomonas putida UCC22. The expected sizes of PCR prod-
ucts were approx. 770-bp for ADOLU-ADOLL, approx. 490-bp for
ADOSU-ADOSL, and approx. 1600-bp for ADOLU-ADOSL.

C230U(5'-CAA YCC SGA BSY DTG GC)$} C230L(5-
TCR AAR AAR TAR AYB GTC)E AFA|=}s}e] aniline
dioxygenase$} 2> 27102 A8-31%

=g DNA =B, 238 ¥ MY 24

Bukholderia sp. HY13} Delftia sp. HY99Z25-8) -9
PCRAMHES pGEM-T vector(Promega, Madison, USA)°]|
ligation+ ¥ E. coli IM109]] 3AA 33}, 323 3d
clone 5 247} 570 Y- 22 AE3 ¥ T7 promoter
primert} SP6 promoter primerS-- ©]-&-3}e] ofulgFo R
DNA sequencings 43 3}9v}. DNA sequencing ABI
377 AF5-971- 9 7] (Applied Biosystem, Foster, USA)
£ A3l 71el dFEA] g2 AL Sambrook -2} W
w225l wet $ePsiet. walAl GriMdel Hek 242
DNA Star®] Lasergene program(DNA Star, Madison, USA)
#} GenBank®] blast search®] databaseS ©|&-3lsith. 4
719] A5EA FAE H3)7] At oln| deixl uhel
oe} $afaiel em(8], & dA7-lA ZAE B sp. HY1 ¥
D. sp. HY999] aniline dioxygenase®] ¥7|Ad-2 Z7
Accession No. ET564189, ET5641902.%. GenBankel] 5=
Hd. :

Zd

&3 o a#

Kl

ZEIA0|= curingdll 2I8t aniline ¥ catechol dioxy-
genase FMXte| X FH

Total genomic DNAS- ¥-2]3}e] 0.8% agarose gelJoliA]
2719358108 | Burkholderia sp. HY 1S A 179 &
g =5 7EA A glee] FelE A vkEFig. 1). 18A T
Delftia sp. HY992 E=pAn| 28 283 QlA] 9k 7= &
AF e}, Eekan|=7) AAR B sp. HY1-PCS} opd3 B.
sp. HY12] aniline ¥-3]%-3} catechol oxygenase A&
A& A3, B sp. HY1-PCE aniline ¥3)% U catechol
oxygenase A& A3l 9k 72 Jeldel(Table 2).
o]2j3t A= B sp. HY1 FFl|A aniline F8-FAA=
Zalan| =7} ohd @A DNAo) E2AFS A A siE).

=3}, aniline #3] AHEQl catechol®] 8] AZE FAA}
Tl M FH37) f3l] A F F52] A2 DNAE F
Fog slal B 7oA Al A=FE catechol dioxygenase
1,2- % 23-dioxygenase A} 5-F-4 degenerate primer,
C120U-C120L#} C230U-C230L& A EZ xpgsle] 74zt
oF 270-bp} 400-bp] FEH A AES AR
alAA]). o] F ARt} A7 Lol gt M A, B sp.
HY124€] ¢dozl f4A= catechol 1,2-dioxygenaseZ o}
m Al MY 7)ol ofste] 7129 Frateuria sp. ANA-18
2] catechol 1,2-dioxygenase2] CatA22} 99%2] AHEA-&
vepbd wbd D sp. HY99EHRE doial 312 A2 7)



Fig. 1. Total genomic and plasmid DNA profile from Burkhold-
eria sp. HY1. Lane M, A-HindIll size marker; lane 1, total
genomic DNA including plasmid from wild type strain; 2, total
genomic DNA from the plasmid-cured strain.

&9 D. acidovorans strain TN[23]°]A] #+8) A1 catechol
2,3-dioxygenases} 99% °]AFe] AFSAS Zh= A2 E e
Wrh(Table 2). o213t A= aniline®] A HA 2L 2HH
Hal| A ol #21% aniline dioxygenase$} catechol dioxy-
genase f-AAke] #1247} =% A DNAC| $1=]sk3 i
55 AR89, catechol B4 AdlS 3l B sp. HY 1%}
D. sp. HY999 A catechol®] WA= ZH7Z}; ortho-cleavage
pathway®} meta-cleavage pathways 3 o] Fold Zo2
A ol By, 81 s st sFeh

Aniline =3HH{QF0f| [ME WErE sigtE ESHRHXL,
dioxygenase2| Hg} 0|

3ok oz He] Heldl Al 73 genomic DNASF
Rieske iron-sulfur motifell 7]Z%38}ed 2FE-0]2] degenerate
oligonucleotide primersE AF&-3F PCR 7]¥[11]o0] &) 3}
dioxygenase RS S8 F 1% agarose geliol] %17]
o538k 8-S e Y Fig. 2). Lane 1-33 4-6& Z+7
45 W%l Burkholderia sp. HY 13} Delftia sp. HY9OH X
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A B C
Lane M 1 2 3 4 5 6 7 8 9

Fig. 2. A profile of amplified aniline dioxygenase genes in bac-
teria isolated from aniline-enriched culture. The bold letters, A,
B and C indicate B. sp. HY1, D. sp. HY99 and a mixed culture,
respectively. Lane M, pGEM size marker; lanes 1-3, PCR prod-
ucts using three different concentrations (10ng, 25ng and 50ng) of
genomic DNA from B. sp. HYl; lanes 4-6, PCR products from D.
sp. HY99 using the same concentrations with those of B. sp. HY1;
lane 7-9, PCR products from an aniline-enriched mixed culture
using the same concentrations of total genomic DNA with those of
B. sp. HY1. The arrows indicate the dioxygenases amplified as
expected.

ZHE E2" genomic DNAE A}&-3led ZZH dioxy-
genase?] #7199%F HRILZ B sp. HYlAME= oA+ <
80-bp 2718 FAHA FFALEL Aok 28 D sp.
HY9%l M= AR H 2 oF 220-bp 7719 34 5
FAES A lane 7-9% sEhl<k 027k oA 5=
A A E2] genomic DNA% AME3le] 525 dioxygenase
o] A7]GF AR AU =719 3 $57F2] DNA
band SNERHS HelFSie}. B, sp. HY13} S3pof Al EZ
HE] dioxygenased AL E FEE= FA42} bandihE 34
Sled A 23 dioxygenase FA AL library2 58 oA 30
E&) A3 F7IMEE 2AS A, BA " dioxygenase
= B Rieske iron-sulfur motifs 2t ©}shAl ulaksE 3t

Table 2. Specific zctivities or the identified amino acid sequences of catechol dioxygenases in cell-free extracts of Burkholderia sp.
HY1, the plasmid-cured strain, Burkholderia sp. HY1-PC, and Delftia sp. HY99.

Activities (U/mg)

ID sequences

A.A. Similarity

Strains C120 C230 (Accession No.) (%)
B. sp. HY1 0.459 0.000 C120 (Accession No. EF570448) 99 with Cat2 from F. sp. ANA-18
B. sp. HY1-PC 0.428 0.000 ND ND
D. sp. HY99 0.000 0.427 C230(Accession No. EF570449) 99 with C120 from D. acidovorans TN

Specific activities were given in units per milligram of protein. 1U represents the conversion of 1 pmol substrate per minute at 24. Catechol
dioxygenase activity was measured to check whether wild-type strain and the cured strain maintained the biodegradability of catechol which
was assumed to be produced from aniline degradation. ND, not tested. Catechol oxygenase sequences from both strains were deposited in

GenBank as indicated accession numbers.
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8 Fallol] #AH 320|912 aniline dioxygenase
Axpe] EAE A= Fpleh(Al& w]A|A]). =8 D.
sp. HY99ZHE] ZZ5 oF 400-bpe] F4AF AHE-S 345}
of A3 A3} biphenyl#} naphthalene H3llol] #31F &
25 8T g1 21} aniline dioxygenased A= -3}
v} B sp. HY13} D. sp. HY997} anilineS- 73 siA| &
| gell = 2135} Rieske iron-sulfur motifell 7]Z3}e] =t
£ % universal degenerate oligonucleotide primersZ |
43to] ozl FFAHE|A] aniline dioxygenaseS 2HA] %
8t A7} o] primer’} aniline dioxygenaseRHs %2 3}
= Aol opoiA] Heksl F572] dioxygenase’} SHE I
o8] 7}x)7F £ o] FHA) bandE 348le] dioxygenase
clonal libraryZ 9FEo1A] A|gkel SE29H8- EA381907] wj &
o vebd = e 7FsAde] wi- & AeE AR AA
2 aniline dioxygenaseir-g HE=2. 3= primers AR3-3lo]
Aozl f2} AFE2] 739 aniline dioxygenase -FHALS o]
E T o5 22 e A FAe FHellM 19}
2 7R vl 55 AAS 2 slet. w3t o3t
A= o5 F 7} aniline®] 9]¢l naphthalene 5 THE
s M-S B 4 ol $EE 2 9SS Al
sEoh.

Burkholdria sp. HY1 % Delftia sp. HY99 &l
aniline oxygenase FAl 5 ¥ VMY HH

Dioxygenase 04} 348 §3]¢] aniline oxygenase f-
At EA7F FAHA Ao}, aniline 3T
catechol B4-8 2t Sl 7122 1% Burkholderia sp.
HY13} Delftia sp. HY99%] genomic DNA$} anilne
oxygenases L H 0 Z 3lo] A A primerE AlE-3}o]
aniline 3ol #AR FHAE FF319}(Fig. 3). Fig. 3
oA, lane 1-2%= aniline dioxygenase®] large subunit 34
-4 primerd] ADOLU-ADOLLZ 3+ M E=Z AR3le] B sp.
HY1 genomic DNAZHE] ¢ 800-bp2] 42 FEAES
AL Aolt}. Lane 3-4% aniline dioxygenase large
subunit 4¥-2} small subunit F-Z- FTHL 2. slo] A2t=
primer, ADOLU-ADOSL-Z 3 ME=Z Al4-3led B sp.
HY!1 genomic DNAZHE] oF 1,600-bpe] F-4A SZAHE
& 42 Aol Lane 5-6-= aniline dioxygenase small
subunitE 402 le] A2k primer, ADOSU-ADOSLE
g MEZE AF8-3le] B sp. HYI genomic DNAZH-E] <f
500-bpe] A FFHAES 92 Aoloh. D sp. HY99 o
Fol] dlsiMx 22 v 22 aniline oxygenase FAAE
F5st9l o, B sp. HY1d| A fAMst 235 dglovt
aniline dioxygenase large subunit®} small subunit 2} 9}
& ®¥422 3 A% FF A<l DNA band®] 7ZEx v
< oF3tA vepdoh 2387 large?) small subunits A
of Ho2 AF2 ADOLU-ADOSL primer®] 7% B. sp.

Lane M1 234 56 78 5101112

Fig. 3. PCR amplification of aniline dioxygenase genes from
Burkholderia sp. HY1 and Delftia sp. HY99. Lane M, «I-HindIlII
size marker; lane 1-2, ADOLU-ADOLL with HY 1 DNA; lane 3-4,
ADOLU-ADOSL with HY1 DNA; lane 5-6, ADOSU-ADOSL
with HY1 DNA; lane 7-8, ADOLU-ADOLL with HY99 DNA;
lane 9-10, ADOLU-ADOSL with HY99 DNA; lane 11-12,
ADOSU-ADOSL with HY99 DNA

HY1elAA 3 <llAkgt =27]9] 218+ DNA bandZ 9-& 4 9l
%21, o]& agarose gelEHE] Fgdle] F2HI F 9]
AL AAsSITE ZA R aniline oxygenase 97|14 YE F
T 7k} Adsw)ar) shssk B2 971449 436 bpe
AMelsle], o|ZHE HAH 146709 oju]|xAl ME& 7]F
22 7MY 2 FAME Vel ©F Frateuria sp. ANA-
18 ¥ D. sp. AN32} multialignment& =33 5} v} (Fig. 4).
obu| At MU o) ¥ ILEAM S F3 B sp. HY13} D. sp.
HY99 -f2 aniline dioxygenase subunit:= 2F 79%2] Abg

A sl

Burkholderia sp. HY1 ¥ Delftia sp. HY99 &2l aniline
oxygenase &2

Burkholderia sp. HY1 2 Delftia sp. HY99 -2 aniline
dioxygenase®] Al ETA S ol 7] $J3le] &Hal7lA] o]
TollA 984 Q)= aniline dioxygenase small subunit®] o}
o)Ak Mgt vlwsldet. £ Aol B sp. HY 13 D.
sp. HY99 5 @59} Frateuria sp. ANA-18, Pseudomonas
putida UCC22, Delftia sp. AN3, Acinetobacter sp. GXA7
(Accession no. AY877266.1), Acinetobacter sp. YAA &
aniline E3| T, 8|3  Nocardioides sp. JS614%}
Bradyrhizobium sp. BTAil 5 AW 7 55 AR
dtod tiATS RFelA HEA e 128709 olw|xAks
Ao vlwRAE A3 B osp. HY19} D. sp. HY99 A}
olelli= oF 81%2] AFeAdel AeS Eo3Fdt. B sp. HY!

ofl ] 4Fa] 2l aniline dioxygenase small subunitql ado2:=
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FRT ARBIWS G L EV iR R A Es,

RN NN C AR RTRY tdnA? Frakuria sp. ANA-18
5 RT ARFWGG L E V iRt el K

S RTAR QWG L E V WG el e e E Wb |

81
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120

& tdnA2 Frawuria sp. ANA-18
A danAZ Delftia sp. AN3
& ado2 Burkholderia sp. HY1

Majority
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ado2_Dejftia sp. HY99
tdnA2 Frateuria sp. ANA-18
danA2 Delftiz sp. AN3
ado2_Burkholderia sp. HY1

Fig. 4. Mutiple alignment of deduced amino acid sequences of aniline dioxygenase genes from Burkholderia sp. HY1 and Delftia sp.
HY99 with those identified in other aniline-degrading bacteria previously reported. The amino acid sequences of aniline dioxygena-
ses from Frateuria sp. ANA-18 and Delffia sp. AN3 were selected for comparative analysis owing to the highest similarity.
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Fig. 5. Phylogenetic tree based on the deduced amino acid sequences of two aniline dioxygenases from Burkholderia sp. HY1 and

Delftia sp. HY99.
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