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The aim of this work was to investigate the purification and characterization dioxygenases isolated from Delftia sp. JK-2,
which could utilize aniline, benzoate, and p-hydroxybenoate as sole carbon and energy source. Catechol 1,2-dioxygenase
(C1,20), catechol 2,3-dioxygenase(C2,30), and protocatechuate 4,5-dioxygenase(4,5-PCD) were isolated by benzoate, aniline,
and p-hydroxybenzoate. In initial experiments, several characteristics of C1,20, C2,30, and 4,5-PCD separated with
ammonium sulfate precipitation, DEAE-sepharose, and Q-sepharose were investigated. Specific activity of C1,20, C2,30, and
45-PCD were approximately 3.3 unit/mg, 4.7 unitfmg, and 2.0 uniymg. C1,20 and C2,30 demonstrated their enzyme
activities to other substrates, catechol and 4-methylcatechol. 4,5-PCD showed the specific activity to the only substrate,
protocatechuate, but the substrates(e.g., catechol, 3-methylcatechol, 4-methylcatechol, 4-chlorocatechol, 4-nitrocatechol) did not
show any specific activities in this work. The optimum temperature of C1,20, C2,30, and 4,5-PCD were 30T, and the
optimal pHs were approximately 8, 8, and 7, respectively. Ag’, Hg", Cu®* showed inhibitory effect on the activity of C1,20 |
and C2,30, but Ag', Hg", Cu®, Fe* showed inhibitory effect on the activity of 4,5-PCD. Molecular weight of the C1,20,
C2,30, and 4,5-PCD were determined to approximately 60 kDa, 35 kDa, and 62 kDa by SDS-PAGE.
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gl A B nelrt BelA Ha Shetoadipate 7
28 §o 4540z nAge) APHLD o8 % 3
+ succinate$} acetyl CoAZ Esj®t} C2,30% viriAE
catecholo] F 7] A&7t E£A HwW  2-hydroxymuconic
semialdehydeE A sitt o] L og Ty den HE
20 2 pyruvate$} acetaldehydeZ RalH= A2 HIET
A TH3). Protocatechuate= YHE3 02 3712]2] dioxygeanases
7} E 1E e AoE Ry Ha e, 1 371A
£ protocatechuate 3,4-dioxygenase (3,4-PCD), protocatechuate
4 5-dioxygenase  (4,5-PCD), 18]il protocatechuate 2,3-
dioxygenase (2,3-PCD)o|t}. YutA o g thEE ortho-cleavage
Q1 protocatechuate 3,4-cleavage 23 HZ 9} mera-cleavage?]
protocatechuate 4,5-cleavage ¥3} AZE ©|-&3th4). HF=
B3EE Balste AlTolA dioxygenasesol] TiEF # A
AR B2 FHR AYES AFAA Pol olRolA
ATHE-19). 8 shte) FF2 Dke 714e olgsa )
Ao we} o dioxygenasesE ZAMSIE AP T o] FojR 1
Ao} Ground5(11)2 quinate$} p-hydroxybenzoateE ©] 83}
= actinomycetesE  ©|-&3}le C1,20, 34-PCD, 281
45PCD o]9jol 27449 FAS A HAPS AL,
Acinetobacter calcoaceticus DSM 5860l A trans-ferulic acide}
p-coumaric acid®] ®3] dFojA& CL,20, 34-PCD, 181
gentisate 1,2-dioxygenase?] Aol v AL FAdUTH
(15).
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AT &8E AAe93, of 549 AT A a9l o
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g4 zaAzre
anitined S Delfiia sp. K25 e - FZ3Hc
C1,209] #eld AR wlAE F79 1 L% 1 g K:HPO,,
1 g KH,PO,, 041 g MgSO, - TH;,0, 005 g FeSO, - TH,0,
0.02 g CaCOs0l T EAxYo R 5 mM2 benzoated} A
o2 10 g9 NH,Clo]l 23 4 F7) s)AE AHEals
ok C2,309 EFd AHE4E dviXe /RS 1 LY 1 g
KoHPO4, 1 g KHPO4, 041 g MgSO4 - TH,O, 0.05 g FeSO,
< TH,0, 0.02 g CaCOs0ll T 4 2 Aa90E 1 g9
anilineS ¥ 3dte AA EIMIAE AMEEHoH, 4,5-PCD
o] g o|&d wWixe FHFS 1 Lot 1 g KbHPO,, | g
KH,;PO,, 0.41 g MgSO, - TH,0, 0.05 g FeSO, - TH,0, 0.02 g
CaCO:9} ©Y E4aYe2 5 mM9 p-hydroxybenzoate®} &
2902 10 g8 NHClo] E3d a7 LIRS o] 8314
th o] WA} HEE Delftia sp. JK2E 30TC)A 150 pm
o2 % Wgstsitt. Delftia sp. JK-2¢] g Al - 45}st
d 54, g3l 16s NA 71499 Ass ¥4
(phylogenetic tree) A3} oju] Bad v} SIck16).

Dioxygenases?| £¢|

Woksl Delftia sp. JK2¥ A4 EPE Y EFL=4A
(V-550 UV/Vis Spectrophotometer, Jasco Co., Japan)& ©]&
3kd 660 nmol A O.D.gko] 0.8Y W) 250 mle YAEE &
Hofl @31 8,000 rpmofA] [0E7F UAEE HASFHI, 50
mM Tris-HCl buffer (pH 8.0)2 33 A&ttt FulE A
¥+ 253 d4)7] (Fisher M-300, Pittsburgh, PA, USA)Z
3027k 308 B¥elel AeHAch FHF sode
(13,000 rpm, 30 min, 4°C)3}e] AFAE FH3rh &
30% 33} ammonium sulfateE YHE7] 98] A3 nuts}
A, L & 176 g2] ammonium sulfate (Sigma Co. St. Louis,
MO, USA)E #Hriste & A7k et whg3lxich 10,000
pmo A 2083F A4l BEjdle HAHES AASL F5AE
HalEok oA A5de] L 3 160 g ammonium sulfate
99} o whHog Hrlsld 55% ¥ 3} ammonium sulfateS
THEo] 10,000 rpmol A 2087 YA EPdle HAHES 5
3tk HAES 7 mle) 50 mM Tris-HCl buffer (pH 8.0)9)
30CE7E 943 AdE 590k 50 mM Tris-HCl buffer (pH
8.0)ofl =9 HHEEL FAu (Sigma Co. St. Louis, MO,
USAYo| ¥ 1 L 50 mM Tris-HCl buffer (pH 8.0)04 10
AlZE ol B4 B A2 bufferol A ThA] B S
ot 48 AAIE 498 DEAE-Sepharose Z3& (2.5 x 20
cm)ol FYd NaCle] BT & 0.1904 0.5 ME Z7HA7]9
A 125 mijming] F%22 £98 £&39ch Ho A7
e CL209 2,30, 183l 4,5PCD 2% Ze HAo=
o]folAE £2AL C1,209 Ao Y FEL FopA
oA S JAJekal, Q-Sepharose HRol| FSlat] $9
44 45 WY A dA8k F5L 1.0 m/min
L84S £&390. 45-PCDE Y3 WHog HASTh
C2,309] #A% &&d0) C2,309 Aol v FES HolA
wud M-S HAlska, thA] DEAE-Sepharose 2 3ol
ato] 22 Wl 1.0 mimin®] f&08 &AL &E5}
L2598 FHVR BolA 44 4 S4S 58 845
Zalg . 22§ -£9.2 Bradford WH(17)S o438l il
4 e ANSAC,
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SDS-PAGE

4Pe F3 Ee¥ CL20, €230, 18la 4,5-PCDE
Bollag's2] "HH(18)2 o]&3led SDS-PAGES 4AAlatsith
Separating gel® 12%9] acrylamide gelS A}E3}l9T,
stacking gel& 5%2] acrylamide gels ARE3}ed A7) stk
A8 Bradford o8 ol Pk AAste LY
ol AS FUEY, 1 x sample buffer® %S w3tk
AEE SEZ Boldl, €30 43 & FYssch FA &9
2 & prestained SDS-PAGE Standard (Bio-Rad, Hercules, CA,
USA)E ARGt H71¥E2 100 VoA 2A17F 30&7 4
AEtge}, A71%9%50] i gelS gel staining solution (0.1%
Coomassie blue R-250, 45% methanol, 10% glacial acetic
acid) 2.2 2417 943t a1, gel destaining solution 1 (10%
methanol, 10% glacial acetic acid)2. 2 1A|7HE9F XT]e 3,
gel destaining solution I (5% methanol, 7% glacial acetic
acid) 0.2 8A1 7 A&yt
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Dioxygenases?| &M =X

C1,209] &4 ZX2 Acki (G ey HAesith
50 mM Tris-HCl buffer (pH 8.0) 1.98 mile] 100 mM
catecholo] 10 plo} &4 S-S 10 ul A7Fsled, 260 nmol| A
FRLE 23359k 89k AEQl cis,cis-muconate?] & F
37)14= (molar extinction coefficien)s 19,000 M'em™o]n, 1
mitE 24T B9 | umole?] cis,cis-muconate S A2+l
G407 A3 Eo] FALE (specific activity)= unit/mg
o2 Ayt

C2,30¢] &4 =4 2-hydroxymuconic semialdehyde]
Aol 98 2AH= AokdHM YA HAAHUG.
198 ml9] 50 mM Tris-HCI buffer (pH 8.0)o] 10 ule] 100
mM catechol, 18] &4 9 AAAAE F3t9 Hag A
2E AUtetd 375 mmolx EA S whE 4HESQ
2-hydroxymuconic  semialdehyde®] & EFA = 33,000
M'em'o]™, 1 wnit2 24Co)A 2% 1 pmole?) 2-hydroxy-
muconic semialdehydeE AAtsls AAHO R A3 Eo
FAHC = mifmgl E A SFATH

45-PCDe &4 =L 4-carboxy-2-hydroxymuconate-
6-semialdehyde (CHMS)&] AFAlo)] ¢J&] A== WHRIDL
2 AAE¢E 1.98 mle] 50 mM potassium phosphate buffer
(pH 7.0)o] 10 pl9] 50 mM protocatechuate, 18|71 &4 9
AR E ol Beld AEE HrFet 410 nmofl A &
Aalygty. #3 AHE- 4-carboxy-2-hydroxymuconate- 6-semi-
aldehyde®] & ZF3A5E 29,000 M'em’o]gl o
24TCox #% 1 umoled] 4-carboxy-2-hydroxymuconate-6-
semialdehydeE A4Fsle= FA4FOE AslL Bo] A==
unit/mg 0 & st}

, 1 unitE

Table 1. Purification of dioxygenases, (A) C1,20, (B) C2,30, and (C) 4,5-PCD
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C1209} 2,30, 181 4,5-PCD9] 714 Eoj4d S Uoln
71 984 catecholm ARG 71
4-methylcatechol, 4-chlorocatechol, Z12]i 4-nitrocatechol &
033 mMe] U3 FE=E Hrpstga, protocatechuate=
0.165 mMe] rx 2 A7lsle] ArSg. Lxd w2 3
g4 wzle] A43L 25T-45CoA E4E catechol# 1087H
Al7]3 04 N HCIZ ¥H8-& ®FA & F 375 nmol|A
TE AU 24 Y9 HH pHE A 98t
0 mM potassium phosphate bufferE pH 5.0-7.0°2.2 3}

3-methylcatechol,

[eX

£ mpl (&
M o o o

AlA B8A AL 819, 50 mM Tris base bufferE o} &35}
o pH 8.0-1200]4¢ &4 B4E SASIAT a4 49
AA Al digt APeAe JAAY HAFEE7E 0.1 mMo|
HA JUHeE Fol 283 FavkeS dAETh

st A v#

Dioxygenaseso} 22| %! Ax|

(1) Catechol 1,2-dioxygenase

Crude extract AEjSl FA8NAe thhadS 30-55%9]
ammonium sulfate I A-S 53} Auloldog ZgHon, 2
o]& WA|$) DEAE-sepharose Z#H7 Q-sepharose BHS
Esldsle] FHEHog2 Foj2 G4 F crude extract HIEHe]
108] o] w&H o2 etk HFHoE FejdE a4
£ 3F80] 9.1%E ZAESIL, 5ol3Al (specific activity)
2 33 unitymgg VERTE Table 1(A)2 7 A AofA
ool W 4 g oA Hgn 54 €48 HolFw
ok 7z AN de AEE SDS-PAGE o H7jste]

isolated from Delftia sp. JK-2

A) C1,20

Purification step Vol. (ml) Total protein (mg) Total activity (U)  Specific activity (unit/mg) Recovery of activity (%) Purification factor
Crude extract 21.0 120.7 382 0.3 100.0 1.0
Ammonium sulfate 7.0 423 303 0.7 79.4 23
DEAE-sepharose FF 5.0 8.8 169 19 442 6.1
Q-sepharose 2.0 1.1 3.5 33 9.1 10.6

(B) C2,30

Purification step Vol (ml) Total protein (mg)  Total activity (U)  Specific activity (unitfmg) Recovery of activity (%) Purification factor
Crude extract 21.0 100.8 44.0 04 100.0 1.0
Ammonium sulfate 7.0 35.0 40.1 1.2 91.2 2.6
DEAE-sepharose FF 5.0 10.0 299 3.0 68.0 6.8
DEAE-sepharose FF 2.0 0.8 3.8 4.7 8.6 10.8

() 4,5-PCD

Purification step Vol (ml) Total protein (mg)  Total activity (U)  Specific activity (unit/mg) Recovery of activity (%) Purification factor
Crude extract 21.0 1327 24.0 0.2 100.0 1.0
Ammonium sulfate 7.0 382 15.5 04 64.5 23
DEAE-sepharose FF 5.0 75 9.5 1.3 39.3 7.1
(Q-sepharose 2.0 0.8 1.7 2.0 7.1 114
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2,309 AAARE-E FRlslyz, HFHoZ AA" C2,30
o] Expago] ¢k 60 kDaglo] TAHUTHFE. 1). £ AF-oA
AAE C1209 EAZFE 60 kDalld] usl Frateuria sp.
ANA-18°] 4] 38 kDa¥} 36 kDa%l CD 13 CD I & 2&s}
$31(6), Acinetobacter calcoacticus ADP-969) A= HEx}eko]
40 kDaol C1,207} &el%glrh(19).

(2) Catechol 2,3-dioxygenase

Crude extract AJE]Ql FEA-Gde] whilld kS 30-55%9
ammonium sulfate A4S F3la] Ayt ojoz E¢ow,
£-0]2 wa2] DEAE-Sepharose A @A Fatd L5351y
HEHog dolxl &4E crude extract H|Bl 108] o]4}
557 Aoz Uyt HFAom weld Eab A48
o] B6%E ZAEINT, Eol&AL 47 unitmgo]3t}. Table
IB1S 2 BA BAdA B @ £ gole) v A
W9 Ea BHE HATI AT 24 DA Qe ARE
SDS-PAGE o] A7lstel C2309 AAQRe 3elsyw,
HZEHoE FAE C2,309 EAEFe] oF 35 kDaYl& #s}
S CHFig. 1B). Gibson 5(20)0] B3l Comamonas sp. 1S765
A EEl" C2,30% 35 kDal® AHH L, Alcaligenes sp.
KF1125%E $89 2,309 EX o) 35 kDadS Yehl
= Aog Aad g Yok,

(3) Protocatechuate 4,5-dioxygenase

Crude extract AEjQ] &4 golo] A oko 30-55% 2
ammonium sulfate #A-E ZEshe] Zul ojAo = &Egom,
20| 1w3AQ) DEAE-Sepharose ZHH3 Q-Sepharose Z &

S EHsle HJEHow dojA AAE crude extract BlS}
1) o]} F&E ZozZ et HFHoez FEd ik
9 IFEe 71%2 FAMEN O, DHEAE 2.0 unit/mgS
YehSlth Table 1CE 2t AA @A Es) H g4

S o Huw 54 848 RoFn
oA Ao AEE SDS-PAGE 4o A7she] C2,30¢] AA|
odRE Foletgd, HEHOE AR 4,5-PCDY Ex|o]
ok 62 kDadl-& Azgo}ﬁr:}(ﬁg 10). Arciero2(22)0] E2)3}
45-PCD+= 2709 a-subunit®} 270¢] B-subunite] wp,EA] £

St 7t

kDa kDa
200 » 200 »
116 » 124 »
97.4»
& » s 80 »
5o 2.0
L
3t p 34.8p
2899
2150
s i i
A B C D E A B
(A)

i, R s i

ek ¢k 103 kDao|9, a-subunit®} B-subunite] FA}ZFS.

Z} 177 kDas} 33.8 kDao 2 H ¥l p-Hydroxybenzoate
oA wjok® Rhizobium leguminosarumol X Ee]¥ 4,5-PCD
+ homodimerZ EX}&o] 120 kDag) = 7)Z }}+2] subunit
o] BAlFo] 62 kDadl o] AFH ub ATh23). & Al
A 28 45-PCDE SDS-PAGE AoAl ©4 band2 JE}
o ExEe 62 kDao® A7) AFolA Bitg subunit
9 zZ7|% BYstgoy, AAR olmiilol HrIAEe
HuE 53l HFAHe Fesloor & Aoz getdch

\J

12 So
(1) Catechol 1,2-dioxygenase
49 C1,208 catechol®} 19 #AQ kst 7]

sk C1,209) 7@

F2!

A
Eolde ZAETh K200 Ed
C1,20¢] 7%+ catechol® 4-methylcatecholol) thajrxe ztzt
100%}  31.4%9] EAo] YEhtD, 3-methylcatechol 3}
protocatechuate= 7.8% 9} 2.3%9] w|eFd f4do] #EAHAUL,
4-chlorocatechol 3} 4-nitrocatechol - A3 44 vehfx &

SQ¥tHTable 2). Acinetobacter calcoacticus ADP-960 A Eg]H
C1,20+  catecholS H| 23}  4-methylcatechol, 3-methyl-

catechol, 12]31 2-isopropylcatecholol| A 48 1}eliglom
olF Fild B o o] #FE WL WYY 7|AEoHE %
E AR BuHATHIY).

Table 2. Substrate specificity of dioxygenases, C1,20, €230, and
4,5-PCD
Concentration Relative activity (%)
Substrates
(mM) C1,20 2,30 4,5-PCD
Catechol 033 100.0 100.0 0.0
3-Methylcatechol 0.33 7.8 0.0 0.0
4-Methylcatechol 0.33 314 13.8 0.0
4-Chlorocatechol 0.33 0.0 0.0 0.0
4-Nitrocatechol 0.33 0.0 0.0 0.0
Protocatechuate 0.17 23 35 100.0
kDa
200 p
116 »
97.4p
66 »
‘ 45>
31 p S
c D E A B C D E
(B) ©

Figure 1. SDS-PAGE of purified dioxygenases, (A) C1,20, (B) C2,30, and (C) 4,5-PCD. A: marker (myosin-209 (200), B-galactosidase-124 (116),
bovine serum albumin-80 (97.4), ovalbumin-49.1 (66), carbonic anhydrase-34.8 (45), soybean trypsin inhibitor-28.9(31)), B: crude cell extract, C: 30-55%

saturated ammonium sulfate D: DEAE-Sepharose E: Q-Sepharose.
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(2) Catechol 2,3-dioxygenase

Bag 2,309 A% 7]1AZ catechol (100%)S o] £31%
o, 4-methylcatechol®. Y% (13.8%) o|83t= ZozE &
etk a#vb catechol®] A} 718921 3-methylcatechol,
4-chlorocatechol, 4-nirtocatechol & 7]2#E o] §3}A Zal=
Ao ZAEQUTE Anilined E3tate AAlujA| o] B s}
de C230= 54 71 i d4E e Heg
E}stti(Table 2). Cerdan 5(9)2 Pseudomonas putidadl| Z7)
3= TOL plasmid$} NAH plasmid ©4 Z2 23d5e
C2,30 Atelol] uveh}E 714 Foldd s AFstg=H,
TOL plasmidol| A W3=EE=  C2309 A$  catechol,
3-methylcatechol®}  4-methyicatecholE  ©]-&3}1, NAH
plasmidoll A 2dH C2,309] 9= 3-methylcatecholS o]-&
317 Rebe ZAoE HIHIT B dFdA ¥ 2,30
¥ Pseudomonas putida®] NAH plasmidol) A &&= C2,309}
AR 71d%S YeR)SITH

(3) Protocatechuate 4,5-dioxygenase

2849 4,5-PCDY ¢ 7]ZA=Z protocatechuate (100%)S
o] &3l¥ o1}, catechol, 3-methylcatechol, 4-methylcatechol,
4-chlorocatechol, 4-nitrocatechol 5&] th& 7]AEL 5% o]
L38A Rete Ao®E RAMEHICKTable 2). p-Hydroxy-
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benzoate Ao wjFsle] A& 4,5-PCDE EF 7]4d] s
Ak 48 zhe Aoz Yelyth

Dioxygenases® 20| Cst Hst

Dioxygenases &4d] %7} mlAE 93 RAlA C1,20
9} C2,309 HA L& 30-35T 2 30CAA Hie 4L
YeRIRlE, £=7} 25°C o|3lE HolXAY 40T ooz
2E w8 FH3 Tade AL T 4 ANTHFig.
2 A&B). Acinetobacter radioresistenso| 4] E2]3 IsoAs}
IsoBE #H3Z 2%/} 3045C, 40°CE JK-29] HlE) =& 2%
JAME BAHE A Aoz BAHUTKE). £3, €2,307 &
3318 xylE SARE Escherichia coli W31100] Z2133}e]
2 Fdst AdeMe 230 49 FHAFLZIL 25C,
Phenol £3} A|#<l Bacillus thermoleovorans strain A20] A
¥ C2309 A% HAAYLEE T0TE JK-2004 HI=
C2,309= FHAXEAAM B ol BHJKI2, 24).
4,5-PCDY AS HALTE 275-325Co|d, 30T Hx
9] &4E& EYrHFig 20).

Dioxygenases2| pHojl st st
pH7} £ - AAE dioxygenases?| &Ado] WA+ ko
3t ZAPJAME C1,209 A% pH 59 pH 12904 = &4

100 [

60 B

4o} -

Relative activity (%)

201 B

S N N OO N Y O oy i |
0 Ll

| N N Yy S By

S Y Y N T N [ s o |

25 27.5 30 32.5 35 37.5 40 42.5 45 25 27.5 30 32.5 35 37.5 40 42.5 45 25 27.5 30 32.5 35 37.5 40 42.5 45

Temperature (C)

Figure 2. Effects of temperature on the activity of dioxygenases, (A) C1,20, (B) C2,30, and (C) 4,5-PCD. The relative activity was calculated as the

activity at 30C was 100%.

A

r—
3
=4

80

60 |

40T

Relative activity (%)

20

8 9 10 m 12 5 6 7 8 9 10 11 12

Figure 3. Effects of pH on the activity of dioxygenases, (A) C1,20, (B) C2,30, and (C) 4,5-PCD at pH 5-7 in 50 mM potassium phosphate buffer and

at pH 8-12 in 50 mM Tris base buffer.
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Aol Hd UEA F%eH, pH 6.0 o] golA 54 A4
o] el AlAste] pH 8.0014 Hite] 4L Jellitt
(Fig. 3A). A. radioresistens?) A 223 IsoA$} IsoBE #3F
pH7} 6.6-852 UElgEd, 2 A7 8§ C1,209} v
28 R0 ZAEITKE). C230% pH 59 pH 10-12A}0]
M ol A UEIURA] ¥hem, pH 6.00]gelA &
&9 gA4o] Uehr] Ald3le] pH 8.0014 Hie] E4&
Uehies ZAeFE  ZAESITNFg. 3B).  Escherichia  coli
W31100] E2® C2,30= H3A pHr/} 752 HaHUD,
Bacillus thermoleovorans strain A20)A EgE C2,309] 2%
£ AA pHe 727 7008 4#A o} olAow Hol
JK-2004 Eel® C2,30& A pH7} i ATER 4
8 o= Alg®ui(12, 24). 4,5-PCDE= pH 58 pH 10-124}F
olol M= &Aool AF JEhA gsker, pH 6.0 o]dolA
50) WAl Uehtr] Aste] pH 7004 Aol B4
YebH $itHFig. 3C). ChenT(23)0] A% 4,5-PCDS] 74
#H9 4L Y= pHYF 952 vEht B A= o
24 °F @rlo 9Ag Zo] BRaid uk Stk
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(1) Catechol 1,2-dioxygenase

Fagel g C1209 &4 &4 AR diFd ZAlA
Hg', Cu”"% C1,200) w3l z+zt 134%, 387%2 &4 &
Aol A Aoz Jehdow, Ag’ & Aee Aag
e FA8 Asfste AeZ ZAESATHEG 4A). 2y
Fe"'o] &3 slellAe C1,209 a48A4o] o4zt F7kshe 3
o] &AM Zo® Ho} o]yd @AY C1,209 F& dol
4L Tea Q7)) BB Fe¥ olo] Aio] BA) AT
& FA @AY 529 A4S FIHEE leR AlgdEd
25).

Relative activity (%)

AgNO,

Metal ions

Figure 4. Effects of various metal jons on the activity of dioxygenases,
C1,20 (), C2,30 (B)), and 4,5-PCD ([l). The final concentration of
inhibitor was 0.1 mM. Each bar represents the average of three
independent experiments.

(2) Catechol 2,3-dioxygenase

Fagd 9@ 2309 Ha 24 A6 g xAIA
Hg', Cu”'= C2,300] tjdke] 7tz 10.5%, 40.63% 2 &4%
Aol Adjde Aoz Yeldon, Ag' 28 A9e I4 &
Ao A3 Assls Aoz FALEthFg 4B). 13y
Fe¥' o] &4 slolA= €2,309 F4 @Ajo] Z7E U o]

Fe?* oleo] FA BAe| ATL A YAL Fi TA

& 37Hle 2o Budn g, o474 AYel A8
@ B E® 2e Holeols] wEd 9% vAA g
2

o2 RBZHoHTH2s).

(3) Protocatechuate 4,5-dioxygenase

Z3%0 93 45PCDY Bz B4 Aol W@ EAb
A Hg', Ag', ', Fe™'s 45PCDY] utldle] Z+2 11.6%,
0%, 2.3%, 60.5% BE=Z AALZAHL Adsts A2 Ye
WYehFig. 4C). SugimotoS(26)0] A3 Al )

AFekE 2 d ol % Eehgd Aow ek

E AFoMe HE Mol £l - FAZ Delftia sp.
TK-200 A4 4k8 C1,209} €2,30, 18]1 4,5-PCDE Ha] A
AstEch B8 AAE C1,209 2,30, 183l 4,5-PCDE
714 BEo|Ad d pH, &%, T34 i3 dakro) Aoz
g 383 548 79543, SDS-PAGEE 538 Al o
Bz E BEE C1,209 =Z7)7) 60 kDa, C2,30% 35
kDa, 45-PCDT 62 kDao] AT & AFex Eg
C1,20 2Atge] A9 EAl#o] 60 kDaoz oo R
Aol 33-40 kDagl Ao wldf AFs o7} e RAeg
ERsom(6, 19), ¥4l 35 kDag) C2,30& <o) d74€
AT A Aoz ZAFEJATH20, 21). Dioxygenases] 54
AP A C1,209 C2,307} catechol ©]2]o| % 4-methyl-
catecholo] 7]A Eo]Ao] Q& AR ZAMEYL, C1,209]
## Aol Uehle pHe £%E pH 83 30TE A
radioresistens®] Iso A9} GANSH Ao g Vehdth7). 18a
C2,30& ol A5 Jehd C2,309 a4 &4 pHe #
A 1z 848 Jeplle 2TddAME Aol7t e AL
2 ZAEATK12, 24). 4,5-PCDY AL o]A AFoMe T
24 o] 79 submite. g FAH] i 4,5-PCD7} A+
7} olFFHed, B dFdA E&" 4,5PCD7L sl
subunit 2719+ HISEE Ao 2 Hol Haj®l dhol Fx AY
o] Ba3t Foz AISHN23). FF E A7e ¥R ZH
E dgez AAY C1,209F C2,30, 287 4,5-PCDY
N-terminal sequencingS £38} primerE A&l PCR 71 &
53 DNA sequencingS HAISld 29| A d4E9 F3AA
AMEe 2ARIT, ©]ES probeZ ©]&8 southern blotting<
3k C1,208}F €2,30, 18] 4,5-PCDY HHAZE cloning A
Hated o] & Zojoh

B Ay 23e wEFE E9HEQ  aniline, benzoate,
p-hydroxybenzoateZ F3]8 & = Delftia sp. JK-204] 9]
E 7 7| 2ol A ujkA] i TR/ dioxygenasesE FE] A
Ak, A E dioxygenasesd] 5A& FANSHY] sl AA|
3t7] 98t Aotk 7]EEA]  benzoate,
p-hydroxybenzoateol|]  wz}

aniline, FET
7

I~
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catechol 1,2-dioxygenase (C1,20), catechol 2,3-dioxygenase
(C2,30), 18] protocatechuate 4,5-dioxygenase (4,5-PCD)$
o 7 548 2N dde WA
benzoate, aniline W= p-hydroxybenzoateo|A] wjk¥&l Delftia
sp. JK2 ANEE %S9 EM7E 944ste], ammonium
sulfate precipitation, DEAE-sepharose, %] Q-sepharose2]
sAE A w=dgch. AA - 5% dioxygenases?
Eo] SAEZ @ Cl20E 33 unifmg C230%= 47
unit/mgo) 1!, 4,5-PCD= 2.0 unit/mgo]tl. C1,208} C2,309]
7148 EolA XAlo A= catechol# 4-methylcatecholoff A
4 BF 54 Ao Jehgton, C1209|4E 3-methyl-
catecholol| A ¢Fz7te] #HAjol #9159, 4,5-PCDE protocate-
chuateof M¥F F4 EA4& HAFQh CL,209F C2,30¢€ 3
0T pH 8094 HA &4& Jehlie o8 RAEHY
o, 4,5-PCDE 30T ¢ pH 7.0004 HAZF 2 &Aoo ZALES]
t}y. Delftia sp. JK-200A4 AAR C1,209} C2,302] #4344
2 Ag', H', 293 Gl o) AslE Ao tsto
™, 4,5-PCD] A-¢ol= Ag', Hg', 18]a Cu™ Wyl oz
Fe''ol osiMm &2 Aol dAEE Aol AT
C1,20, C2,30, 4,5-PCD9] ¥-4#& SDS-PAGEd]| 9|s 7zt
60 kDa, 35 kDa, 62 kDaZ® =A== 9ch
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