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Aniline ES{Ml* Delftia sp. JK-20lM =2[Z Catechol 2,3-dioxygenase2

N-ZIEH OMO|icit Med 24

MY - U - 23
MBS Xinsichst YRR, BEkED SHnS

EA7oM e o] A Aol A B st e A4 2 oA ] 2.2 aniline$ ©] 431 Delftia sp. JK-2° A ¥
2, AA = v} 9l €2,309] No-gwk ofv] e Ak3} DNA A €& 24314 o}, Anilineol| A ¥l 93} Delftia sp. JK-291
A1 B2 9F35kDa2] C2,309) N-E4d ofu] Ak A & -4 81 4 7} 'MGVMRIGHASLKVMDMDAAVRHYENV?
2 Pseudomonas sp. AW-22} Comamonas sp. JS7652] C2,308} 4 A8l A oz vebyet, 9ol <3 oju|x
Al A d L ek e 2 A 2HE primer) JK-29) total genomic DNAS- 7] & & Al-8-3le] PCRS 438t A3} < 950
bpe] FA A FFALES 53 o] FFAE T A E3] Eeld 890 bpd] A7IMAE EA g A Delftia
JK-22] C2,30 -3} 9714 9-& Pseudomonas sp. AW-22] C2,303} U *]3}91.2.5 Comamonas sp. J§7652]

C2,30%} 97%9] & AEAE vl
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Aniline Ak, FepiE, A, 45A Fof Aol 82 A
g AREH o] $Th(5,8). B3 THE, obdit obd A ARA,
HEZ I (nitropyrene)d} 22 U EZ WSS 31389 nA4E
of 9§t Moo= FA=T A o FHA ¥ 4
sRHEC|thg). B0 =29 WIS PEEL F2 IV
ATl AA5hE Eol BEE o)8dte ARHoR E3E 5 2
o} mAEe WS SRhE Bl 7] dAd 4as vk
(oxygenation), 3l°]=ZFA|3} ¥H-2-(hydroxylation), E43) WHg
(dehydrogenationye AXH, W&E a3hEel £8 7 dAlt
£ catechol®} protocatechuate 522 ZZHET} o]E M=
catechol™} protocatechuate= &) AFNA 293 &L =
a2 dioxygenaseol] 23l Fojulk-g-o] FsYATI(Y, 4, 7, 15).
Catechol®] 749~ dioxygenase®l] W} F 71X B HEZE 714
%= Sleul, catechol 1,2-dioxygenase (C1,20)°] &3} ortho
cleavage$} catechol 2,3-dioxygenase (C2,30)] 23} meta-
cleavageZ} AT WS 18]Y $A7](-OH) AtolE ATehe
C1,20% catecholol] ZH-83}lad 2709 X AE EASES ciscis-
muconates AT o] ZHgol oA WEE 1yt FElA
3L B-ketoadipate FEE T3 HFTH o= v¥E] AHF o
o]-88 4= U= succinate®} acetyl-CoAZ E3)Ect 19 44t
7] EE Adshk= 2,30 "R catecholol] F 71e) 4F
27} BA 8} 2-hydroxymuconic semialdehydeZ HAJ3}aL, o]
24207 vyt G| HFEZ O F pyruvae?} acetaldehydeE
HalEe 3ol At QIvko, 13, 16-17). €2,30°] gk A+

A
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= 28 AR 30 Pseudomonas sp. AW-2, Comamonas sp.
18765, Rhodococcus rhodochrous CTM & X ¥3l= 48 £
o] mAEAM FPE|oF YTH(12, 14,). Yoko F(19)2 aniline
ol WloFs} Pseudomonas sp. FK-8-2004 £&]3F €2,30¢] &4
ZAME B33 vl Qo) K3 anilineS B33 Pseudomonas
sp. AW-2ZHE] C2,308 EJste HAzAMe {34 £4&
AFsE v ATh12). Milo 10y Bacillus thermoleovorans
strain A291 AR C2,307F BL ExolAME AiHEtE 3
2 B33 Sl %2 2%ollA phenols E3)3}= Bacillus
thermoglucosidasius ATN*= phenol H3HA] meta AZE o]&
sk Aol FARJNHJUIL, meta FE) FHAF 57HA] Adol g
Z293 ME B4L 3lthe). 2309 ATE G2 dF
ez EAFASER] A7 B W3S Bojgir) Schreiner
T(18)2 2-methylaniline g #33= Rhodococcus rhodochrous
CTMOIIA C2,30 F-4AE E=233t AHAIF L, nitrobenzene
< Es)8l= Comamonas sp. 187658 ©]-83l4 2,30 24}
Mg BAsta 28t faxE @Azl d77F Bagnt
2th(13). 2,300 3 A= C1,202] A7) vls] AAis] A
HFEF o), HIZd o] W2 A7t RuEa Qi

E AoMe ol AFNE T3l Delftia sp. K214 &
g - A FEFHoT 484 EAo] HEA v Y&
C2,309] 5A4& B} AAEkA vs)7] st EAMYESHS &
FollM AFE st 2309 NET ofrleit MEE A3
3kt
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ZFo| =7

To] vl AR A= 555 1 LT 1g KHPO, 1 g
KH,PO, 041g MgSO, * TH,0, 005g FeSO, * TH,0, 0.02¢g
CaCO0 T &4 B A0 F 1¢9] anilined X&sle
A FIHAE ARS-SIH 2 H, 30°CAA 150 rpm S E FE HY
FEAH. Delfiia sp. JK-200 th3t AejAsistal 54, Fafoll |
e 27l eA9a 2o 2499 9%, 183 165 1DNA &
71ME Y AT B4 A oln| B u} Jlrh@).

SDS-PAGE

AYS 53 29 C230F Bollag 5(2)9] W& o]&3}o
SDS-PAGEE A3t} Separating gel 12%<] acrylamide
gelS AME-3 T, stacking geld 5%2] acrylamide gelS A-8-3}
of Z7H8kTE AlEE Bradford WO R Dl HRRS A
o FYFe] TS FUASIL, 1X sample buffer® Y= ¢
FA AFE 5w3F #Folx, Il 23] T FYstHnt. ®4]
DA LS prestained SDS-PAGE  Standard (Bio-Rad, Hercules,
USAYE AH&3HATE 71952 100 VellA] 2417 3083t AA|
T, H719F0] B geld gel staining solution (0.1%
Coomassie blue R-250, 45% methanol, 10% glacial acetic acid)
o7 A7t EAEFE L, gel destaining solution I (10%
methanol, 10% glacial acetic acid).2 1A1Z7HFESF 2|3 ¥, gel
destaining solution 11 (5% methanol, 7% glacial acetic acid)2. =

8213} A28}y,

N-ZHchoto| ot MY R4

223 C2,305 SDS-PAGE “gollA AMI geld semidry
electroblotter (Bio-Rad, Hercules, USA)YS ©|-8-3}4] 18V, 20%7¢t
polyvinyldifluoride (PVDF) ZH(Applied Biosystem, Foster City,
UsAel 271 & PVDF %2 Coomassie blue R-250 §-H%o 82
B F o, GHAE HAJsle FNE deld BR-g Heh
itk 22k PVDF 25 ©¥id 23 E £47] Model 491A
(Perkin Elmer, Foster City, USA)S ©]-&3} olmxit AE-&
TA8AY. 9714 Foji N-Eeh AE NCBIS| BLAST
Search L2 A &54& B

Chromosomal DNA 22|
LB uj Aol 12 AlZE <t 8iH3E0°C, 160 rpm)S Delfiia
JK-2 30 mL:& A4E(6,300x g, 10 min, 49°C)3t] HEE A

Table 1. PCR primers for amplification of C2,30

Kor. J. Microbiol

Aot A" HEES 5ml TEN buffer (0.1 M Tris-HCl (pH
7.0), 001 M EDTA, IM NaCllE A HE3}aL, lysozyme (20
mg/mLyg 200 uL A7Fste] 37°ColA] 15 B3¢ wkEAIAT 10%
SDSE 100 uL F7Fetar, 8] AoAFAet. JA=rt FolAd
50 uL. proteinase K (20 mg/mL)2} 5 ul. RNaseZ 715k 37°C
oA 3087t ¥RSAIFHTE SmL TEN bufferE © IA7Fsta 10
mL®] phenol& FH7}sle] 7PHA HojEth YAEEE Bl
A5 A 238l phenol/chloroform/isoamy! alcohol F2-2 23],
chloroform 52 13] AASHAE 454E& 5 mL FH3k 500
UL 3M sodium acetate®} 15 mL ethanole 7}5ld HAEEE
A s AAE A= 70% ethanolE GFHE AA3ITL
oA 94 B8t F7] FolA] ethanolZ A ASIATE doiz
FHES 300puLe] Eofl 35U T ReARE Felsty] HsiA
0.8% agarose gelo]l A7)8F-S A8, UV-spectrophotometer

& °]8-3to FF3tHt.

Polymerase chain reaction2} &j7|Ad Z#H

N MEEd AHE o|8stod AsAdol A e
Pseudomonas sp. AW-29} Comamonas sp. 1S7652] C2,30 DNA
MEE o831 primerE FAJ5H] PCR (MJ Research, Watertown,
USA)S A AIBIE T Primer No. 13} No. 2 coding strand 2,
2283 No. 39} No. 4= complementary strand primer2 A 2}5}
o}, PCR premix kit (Bioneer, Daejeon, Korea) S Al-&3ld =
Z3lth(Table 1). PCRS] WHE-F31L- A2} denaturation BHAlE
od°Coll A 5 B3F AABIAT, 94°Col A 30%, 50°Col Al 30,
72°Coll A 30 24 30 cycles ¥H-3-319.9 0, vERE} extension T
A= 72°Co A 5EZF AASHE T PCR 2HE-E 0.8% agarose
gelol A A7) FEstid. 7195 S F3iM £l PCR A=
& gel extract kit (Qiagen, Hilden, Germany)E ©|-&-8}] Al
o} Axtof| we} gel2RE FESIHTE FE§ PCR A& #A]
&}7] 93t ABI®] BigDye terminator cycle sequencing ready
reaction kit (ABI, Piscataway, NJ, USA)E AM&ERTE 2uLel
BigDye, 50ng® DNA, 2.5 pmole2] primerE H7}3}o] 25
cycle (96°C 10%, 50T 5&, 60°C 4%)5F ZZ3sle] ¥A315
t}. DyeEx (Qiagen, Hilden, Germany)S ©|-83}] AR &F
£ BigDyeZ ZZ® DNARRH AAFY, 3700 DNA
analyzer (ABI, Piscataway, USA)S ©]-&3} DNA €74 DS
A9 £499 492 NCBI9] BLAST Search X2 138
ol-g3le] e ZALE AAEIAT

Designation Nucleotide sequence Amino acid sequence Position
No.1 5-ATGGGTGTGATGCGCATCGG-3' (20 mer) MGVMRIG N-terminal
No.2 5-ATGTGCGAGATGAATCCCCA-3' (20 mer) CMLLCHD Internal
No.3 5-TGGTGACGGACGACTACACG-3' (20 mer) EPNMECM Internal
No4 5'-AGTGGCTCCACATGTGCACT-3' (20 mer) SFTEVYT C-terminal
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Fig. 1. SDS-PAGE of purified catechol 2,3-dioxygenase. A: marker
(myosin-209, B-galactosidase-124, bovine serum albumin-80, ovalbumin-
49.1, carbonic anhydrase-34.8, soybean trypsin inhibitor-28.9), B:
crude cell extract, C: 30-50% saturated ammonium sulfate D: DEAE-
sepharose E: DEAE-sepharose.

Zi 9 o
C2,302| EXtE ZH

IF JK-2004 28, A" 2309 8483 542 ol
Brzaow Bug Hl k7). SDS-PAGE ol Bt K2
A Eel, BAE 2309 E1FS A3 2 oF 35 kDadd
o] =AU THFg. 1). ©1#¥ A= Gibson (14)0) R
Comamonas  sp. JS7659+ Alcaligenes sp. KF7112%¥ Ea-d
C2,309] A1) 1 Z7)7F Rk A= Vet

Fig. 2. PCR products of catechol 2,3-dioxygenase gene from Delftia
sp. JK-2. Lane M, 1 kb DNA ladder; lane 1, PCR product of No. 1 and
No. 3 primers (470 bp); lane 2, PCR product of No. 1 and No. 4
primers (950 bp); lane 3, PCR product of No. 2 and No. 4 primers
(490 bp).

Delftia sp. JK-2 el €2,309] N-Z op|i=ibNg 15

N-ZCholo| it MR A

olplieAt AVIME ¥A71E B3l B4 ZHI Delfiia sp.
IK-2014 £33 2309 opv|At EE N-Zeho 2 HE
'MGVMRIGHASLKVMDMDAAVRHYENV*&. % 267)¢] o}n)
4k Ago] A= AckFig. 3). A€ 2000 ofuli=gt AEs
BLAST Search 2@l og B3 Au}t Delftia sp. JK-29]
C230< Pseudomonas sp. AW-22] C2,30%} Comamonas sp.

JK-2 €2,30 LHDAAYREYENVL GMKT TVRDRAGNVYLKCHDEWDKYSY 1L TPSDOAGHNH
PAF-2 €2,30 IMDAAVRHYENVLGYKTTMKDKAGNY YLKCHDERDKYSY 1L TPSDOAGYNH
CIS765 €2.30  IMDAAVRHYENVLOMKTTYKDKAGNVYLKCRDERDKYSYTLTPSDQAGHNH
PP 2,30 11AAAVKHYEEVLGLKTVMKDSAGNVYLKCRDESKYS | ILTPSPRAGLNH
€T 2,30 IMDAALKHYENVLGMKVTLRDAAGNYYLKCHDEWDK YSL LLTQSDRAGLNH
PC 2,30 LHAL ATKHYENVLGMKRTVELEHGNY YLKCYDEWDKYSVTLTPSDQAGLAH
BRPOO7 2,30 1MALAIKHYENVLGMKRTMEDEHGNVYLKCWDEWDKYSVILTASDQAGLAH
JK-2 €2,30 511 AYKVEKEADLEALOGK I EARGUKT TMLDEGTL PSTGRMLAFKLPSGHEM
PAW-2 €2,30  5ILAYKVEKEADLEALOQKIEAWGVKTTLDEGTLPSTGRMLOFKLPSGHEM
CIS765 (2,30 BILAYKVEKEADLEALOGKIEAWGVKTTMUDEGTLPSTGRMLQFKLPSGHEM
PP 2,30 §1VAYKVEKDEDLEALQARIEAVGIKTTLLPEGTLPSTGRMLOF NLPSGHEM
CT €2,30 51VAYKVQNDADLDSLOARI EARGVKT TMLPEGSQPT\ GRMLOFDLPSGHEM
PC €2,30 51VAYRVEHDADLNALOKRERYGIKTQMLPEGTLPSTGRMLQF\LPSGHEM
BRPOO7 €2,30  5IVAYKVEHDADLDALOKRIFAYGFKTQULPECTLPSTGRMLOFNLPSGHEN
JK-2 €2,30  101RLYASKEFUGTONGNINPDPSPIGLKGAGAHWLDHCLLMCEMNPEAGINT
PAY-2 €2,30  101RLYASKEFVGTDVGKINPDPWPDGLKGAGAHWLDHCLLMCEMNPEAGINT

CJS765 €2,30  101RLYASKEFVGTDVGN INPDPYPDGLKGAGAHYLDHCLLVCEMNPEAGINT

PP C2,30 101RLYAMKEYVGTDVGT\NPDPWPDGVRGAGAHWLDHLLLMCEMNPEAGINT
CT €2.30 101RLYAKKECYGTDVGSLNPDPYPDGLKGAGAHW | DHCLLMCEMNPEAGINT
PC C2,30 101RLFATKEYVGTGVGTHNPDPYWPRDVKGAGARYL DHCLLMCELNFETGANR

BRPOQ7 C2,30  1QIRLFATKEXNGTGVGTTNPDPYPDOVKGAGARULDHCLLMCEUNPEMGVR

JK-2 €2,30 151V ADNTRFMTEALDFFLTEQVLVGPEGNMOAATRMARTTTPHDIAFVGGPR
Pak-2 €2,30 151VADNTRFMTEALDFFLTEQVLVGPEGNMOANTUMARTTTPHDIAFVGGPR
CJS765 €2,30  151VADNTRFMTEALDFFLTEQVLVGPEGNMAAATWMARTTTPHDI AFVGGPR

PP C2,30 151Q-DNTRFMKECLDFFLTEQULYGPQGDMOAATWMARTSTPHD I AFVGGRY
€T C2,30 151VEDNTRFMAECMDFFLTEQTL VGPEGNMQAATWMARSTTPHD L AFVGGPT
PC C2,30 151V AENTREMKECLDF YLAEQVMVGPDSSIQAATWMPRTSTPHD I AFVGGLS

BRP0O7 (2,30  151VAENTRFMKECLDFYL AEQUMVGPDSS [QAGTWMFRTSTPHDI AFVGGSR

JK-2 €2,30 201SGLHHIAFFLDSWHIVLKSADVMAKTRTR I DVAPTRHGI TRGET I YFFDP
PAW-2 €2,30 201 SGLHHIAFFLDSYHOVEKSADWMAKTKTRIDVAPTRHG I TRGETIVFFDP
CJS765 2,30  201SGLHHIAFFLDSWHDVLKAADVMGKNKVREDVAPTRHGLIRGETIYFFDP

PP €2,30 201SGLHHI AFELDSCDDVLKSAPAMAKKK VK IDVAPTRHG] TRGET L YFFDP
€T C2,30 2018GLHH1 AFFLDSWHDVLKAADVMAKNKVR I DVAPTRHGI TRGET I YFFIP
PC €2,30 201NGLHHI AFFLDS¥HDVLKSADVMAKNK VK DVAPTRHGI TRGETLYFFDP

BRPOO7 C2,30  20LNGLHHIAFFLDSWHDVLKSADVMAKNKVKI DVAPTRHGITRGETIYEEDP

JK-2 C2,30 251 SONRNETFAGLGYLAORDRPVTTYTEDGLOS
Pa¥-2 C2,30 251SGNRNETFAGLGYLAGRDRPVTTHTEDQLES
CJS765 €2,30  251SGNBNETFAGLGYLAQRDRPVTTHTEDQLGS

PP C2, 30 2515GNRNETFAGLGYLAQPDRPYVTTHSEDKMGR
€T €2,30 251 SGNRNETFAGLGYLAQPDRPYTTWSEDRLGS
PC C2,30 2518GNRNETFAGLGYLAQPDRPVITRTEEHL.CS

BRP0OO7 C2,30  251SGNRNETFAGLGYLAQPDRPATTYTEEHLGS

Fig. 3. Multialigment of deduced amino acid sequence of catechol
2,3-dioxygenase : sequence of C2,30 from Delftia sp. JK-2, PAW-2
C2,30: sequence of C2,30 from Pseudomonas sp. AW-2, CJS765
C2,30: sequence of C2,30 from Comamonas sp. 18765, PP C2,30:
sequence of C2,30 from Pseudomonas putida, CT C2,30: sequence
of C2,30 from Comamonas testosteroni, PC C2,30: sequence of
C2,30 from Pseudomonas cepacia, BRPOO7 C2,30: sequence of
C2,30 from Burkholderia sp. RPO07. The N-terminal 296 amino acid
sequences deduced from DNA sequences of PCR product were used
to draw the phylogenetic tree. The bottom line indicates the part of the
26 N-terminal amino acid sequences determined by N-terminal amino
acid sequence analysis of the C2,30 purified from strain JK-2.
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187652 C2,309] N-Z&re] 267 opvw|=4t a3} 100% D=8}
= ALE Yedo w12, 14). Comamonas testosteroni®
Burkholderia sp. RP0072] €2,309] obn|:=4t MQal= 84%9]
3573& BAFATHFIg. 3). A op|dt MEL K225
H fFadll® €230 FAAE 5317 A% primers: A5H=H)

A3,

C2,30 X2l PCRY Y7 |Med &4

Table 194 R primerE ©]83}d Delftia sp. K29 &
A4 DNAZ PCRE A3} No. 13} No. 3 primer® SZ% 470
bp, No. 13} No. 4 primerZ FZ¥ 950 bp, Z28]3. No. 29}
No. 4 primerZ ©]- &34 490 bp dHo] ZZHUrKFig. 2).
ZZ9 AT Comamonas sp. 1S765904 EZHE 2,309
DNA ME2HH dit=ls Aol A7/t Yxshe A2Z Yt
P$h(13). No. 13} No. 4 primersE AR5l ZZ% PCR ¥ke-
AEE AFEVIME BAVIZ A% 23 950 bp Foll 890
bpe} Aget F71MEe AITh NCBI2] BLAST Search ZE271
AL o83l EAE FrIMEe] HYgE MES BM%
N-ZHo 2 RE B 2967)9] opri=it Mol AR HYoH 2
AHHE JK-29] €2309] o=t MEE Pseudomonas sp. AW-29}
100% BA3IH.2™, Comamonas sp. 1S165 (97%), Pseudomonas
putida (84%), Comamonas testosteroni (82%), Pseudomonas cepacia

(77%)% 352 “3573S e ITHFig. 3).
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ABSTRACT : Analysis of N-Terminal Amino Acid Sequence of Catechol 2,3-dioxygenase from Aniline
Degrading Delftia sp. JK-2
Seon-Young Hwang, Hyung-Yeel Kahng', and Kye-Heon Oh* (Department of Life Science,
Soonchunghyang University, P.O. Box 97, Asan, 336-600, Korea; 'Department of Environ-
mental Education, Sunchon National University, Sunchon, 540-742, Korea)

The aim of this work was to investigate the N-terminal amino acid sequence of catechol 2,3-dioxygenase iso-
lated from Delftia sp. JK-2, which could utilize aniline as sole carbon, nitrogen and energy source. Molecular
weight of the enzyme was determined to approximately 35 kDa by SDS-PAGE. N-terminal amino acid
sequence of C2,30 from strain JK-2 was 'MGVMRIGHASLKVMDMDAAVRHYENV?, and exhibited high
sequence similarity with that of C2,30 from Pseudomonas sp., Comamonas sp. IS765, Comamonas test-
osteroni, or Burkholderia sp. RP007. Approximately 950-bp C2,30 was obtained through PCR using the prim-
ers derived from N-terminal amino acid sequence. Analysis of the DNA sequence revealed that the deduced 296
amino acid sequences were determined, and it showed 100% identity with C2,30 from Pseudomonas sp. AW-2
and 97% similarity with Comamonas sp. JS765.



