J. Soil Groundw. Environ. Vol. 19(3), p. 47~55, 2014 http://dx.doi.org/10.7857/JSGE.2014.19.3.047
< Research Paper > ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

4-Chlorophenol =35l{2}E{|2|0} Arthrobacter chlorophenolicus A6Z5FE{2]
monooxygenase2| SX| 3 CHEFLS MM J2(10 7|A2HENME 24

Overexpression and Purification of Monooxygenases Cloned from Arthrobacter
chlorophenolicus A6 for Enzymatic Decomposition of 4-Chlorophenol
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ABSTRACT

Arthrobacter chlorophenolicus A6 possesses several monooxygenases (CphC-I, CphC-II, and CphB) that can catalyze the
transformation of 4-chlorophenol (4-CP) to hydroxylated intermediates in the initial steps of substrate metabolism. The
corresponding genes of the monooxygenases were cloned, and the competent cells were transformed with these
recombinant plasmids. Although CphC-Il and CphB were expressed as insoluble forms, CphC-I was successfully
expressed as a soluble form and isolated by purification. The specific activity of the purified CphC-I was analyzed by
using 4-CP, 4-chlorocatechol (4-CC), and catechol (CAT) as substrates. The specific activities for 4-CP, 4-CC, and CAT
were determined to be 0.312 U/mg, 0.462 U/mg, 0.246 U/mg, respectively. The results of this study indicated that CphC-I
is able to catalyze the degradation of 4-CC and CAT in addition to 4-CP, which is a primary substrate. This research is
expected to provide the fundamental information for the development of an eco-friendly biochemical degradation of
aromatic hydrocarbons.
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1. M = 22X AAskE BESH Fel7lsEe] LHAEt 4850
ko f2]7He 3T T Aol T Czaplicka,
HREE Bleles B2 oA s ES AEA, 2004; Shah and Chen, 2012; Tobajas et al., 2012).
A, YokE, 9=, B4 FalE WA WA T A B AR Bstell wet AkdeA] F
Tt ARdEells g ARSEAL Qtk(Hernandez et o] M AEH0] tgBiAL o= 3l FES L¥=
al., 2013; Tobajas et al., 2012; Wang et al., 2012). ASo] Hl=y 23l Bt Bdst 29 318k ok
e olgfet HlER SRkee e SAS 2 Sil**"ﬂ go] EolRl wlEA sjtEEo] A=A TIE A
T Eshal dEs e AlEe] AlxT8N = e 2= PHAS FlsA =S APl dAlE
At AR & A-s] AjHR] Felal EY, Askr, A% Hola Qi
T 5ol Frdge=EA *17—}@ 3L HEE oplEiaL At 53] &2 B2 T G40t dHeol AdsA
olglgt HlEF FES AAsH] flsf dvkdor 24 chlorophenol°] A=t 71E9] s sigertt 54
S o83l Flss ?ZV A Aleke 214 7=, & o] Zetal FxA o= FgepH whgAdo] wE 5Ado] 3l
3l5} ¥kg Ew AR o]83le] A ASh= §Fi}5] I QA =EE A ¢ deke AeE dEA
HH, 1 vl HAES o]8sl] HeR IES 71E Ch(Ferraroni et al., 2006). o]2i3t &2 Ui} ZA3tE
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He=A SIEES Aelsl] Heike &4, 88, &St
2 o AEd i ot Wl Al 221 FikEo]
A 7FsAdo] ot T8 mgo] Mgk T
o] H(Tobajas et al., 2012).

HTddle 718 AYPEES Bash] 98l 54 2
E4& VAR gle BAEAE ARSI LEEES
gzog Faale Ak Agriee] A7EaL o
(Chen et al, 1999; Pieper and Reineke, 2000). &4+
54 71de tiste] wE FAEEE UEpH AE Ee
s SO RRE AR JEEZER] AREHR 7]E
)7zl vlal Qb A, 113V S fE
3t S 7Eal QTH(Chen et al., 1999). o]+ EA4
S HIROE BhE A, Aok, s, vlole AmLt
9 odst el BHLE Al AREEHI A
(Jegannathan and Nielsen, 2013). Z12]3l 37343} Hof
NMNE §A4E o835k At Herles 7IRke R 3§t
of 71&9] Fsrlee] 48] AeH e A
A LAER g B a4EY Jey U B4,
A= ok

Chlorophenots #3ll5h= G452 T2 37144 vHE
bzRE FEe ATHel ov gEdes
Rhodococcus, Comamonas,
Azobacter, Arthrobacter”} $)THHollender et al., 1997;
Li et al, 2011; Nordin et al., 2005; Olaniran and
Igbinosa, 2011; Sahoo et al, 2010). o]2{gF 5714 Bf
Blglo} FolA Arthrobacter chlorophenolicus A6 4-
chlorophenol (4-CP)S $Hd3] Eallsls o=z geixloe
™ monooxygenasel! CphC-I, CphC-1I, CphB%} dioxy-
genaseS! CphA-12] 47}A] ARBHEs| @ AS] o8 4-CP
7} BalEe Ao =Z A<kH v} A-Nordin et al.,
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2005). ©]E 7ol w=™, monooxygenase’} 4-CPE
27188l dr g SAREE 53 benzoquinone B
+ 4-chlorocatechol(4-CC)Z R3HA]7]3L THA] monooxy-
genase’} 2~37112] FalHAlol] =R oE Agsle] 71d
< Ealete o= High v QtkFig. 1). L]l
monooxygenase®l] ]3] 2§43 hydroxyquinok> dioxy-
genase®! CphA-IZ- 53| ring fissionF]©] maleylacetate®
Ealgke Zo2 F4sla th(Fig. 1). 4714 monooxy-
genase®! CphC-IZ} CphC-II= 2 WrlslFe 93-S
s} Z7EsollA 7AES Mgkl Blo= F4s)
Gort CphBe}F A 7 @49 7|5o] 3] FHEA
= E3I). SHA, Lee et al.(2013)°] W= dioxygenase
Q1 CphA-I2 hydroxyquinols #3ljgh 8t oz} o]}
A F2E 7FR catechol(CAT), 4-CC, 3-methylca-
techol= Z3A1Z = U= AR ¥zl vf ot

B dellxe 4-Cpe] drREsabd 271eAllA 7]
o] Bale &E3sle Aoz FAHH cphC-I, cphC-I,
cphB FAE A chlorophenolicus A6ZHE FE3}]
BASlaL o] 52 competent cell FAHE A|FT} o]E
7147 v ¢ e WA S 4 FERE BAS &
a1l Fell(soluble form)= A|ZFsH7] ffste] HZo] =
HHZAES =3k HdE 49 £5& =o|a4) 8
Ack. 2E3 E5T G4 HROE 4-CP 3 4-CPo}
AR 22 7FA 4-CC, 4-CCSF FAKRE CATell thgh
BAho] 7AEOIE BAEt a4 Vs B SRS
us]azl sioiet. olelst dis vEe R 4-CP E9f &
2o gk HZe] whild wrExy) gy 71dzke] &4
Tof| thste] A=A TFH R Tt LAEH9
S Sgk La&o) Aslets sl o] 7|xE
Agshe Zol £ A7 Hitolrt.
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Fig. 1. Proposed degradation pathway of 4-chlorophenol by Arthrobacter chlorophenolicus A6.
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2.1. HEME

A.  chlorophenolicus A6+ American Type Culture
Collection(ATCC No. 7007004, F-34S ANZE Al
7171 $13F pET-24a(+) vector= Novagen(Darmstadt,
Germany)ollA FQ3ItE A28 A1717] A% E. coli
BL21(DE3):= Yeastern Biotech(Taipei, Taiwan)ollX], E.
coli BL21 CodonPlus(DE3)-RIL-
(Colorado, USA) A, E coli Tuner(DE3)= Novagen
(Darmstadt, Germany)llA T+QJslict. @ 27|12 &
293}7] 9%k protein standard markerS! GangNam-
Pink™ Prestained Protein ladder= Intron(Seoul, Korea)ol|
A, sodium dodecyl sulfate polyacrylamide gel eletrophoresis
(SDS-PAGE) gel& #43}7] 9]¢t PageBlue Protein
Staining Solution> Thermo Scientific(Rockford, USA)
oNx FAsIT. oraaE AAE] AdE Aok Nitt-
NTA His - Bind® Resine Novagen(Darmstadt, Germany)©l]
A Tttt 2 vre] Z4E A9k BEF Sigma-
Aldrich(St. Louis, USA)IIA 43It

Agilent Technologies

2.2. =X

VA 849 AR 25 pET-24a(+) vectoroll A%
3 3199 cphC-IF} cphBL] forward primere} reverse
primer= Nde 12} Hind I, c¢phC-Ii= Nde 1} Xho 1
Z A3} AH;. PCR mixture= 10x reaction buffer
S5uL, 2.5mMe] dNTP 4uL, 10 uMe] forward primer
2} reverse primerE 1 puL® Pfu pol 1puL, 100 ng/uL
9] template 1pL, S5x tuning buffer 10 L, distilled
water 27 L2 AZ3FFC. A|Z3 PCR mixtureS PCR
programe ARS8l 94°Co|A] 5E B9t 1 cycle, 94°C
olA 30%, 5°ColA 30%, 72°ColA 13, E5F 20~40
cycle, 72°ColA] 78 &9t 1 cycle SlaL 4°ColA SZ35
9tk PCR product= Labopass gel purification(Cat
No. CMGO115)& AHg3ste] AR O™ Nde 13
Hind I, Xho & o83} insert?} vector B5F A
*]2]8lal LaboPass PCR purification kit(Cat No.
CMRO115)9} LaboPass gel purification kit(Cat No.
CMGO115)Z FASIAT. Vector?} inserte] & H|&=
1:392 39°m™ 10x ligation buffer 1 puL, 10 U/uL
9] T4 DNA ligase 1puL, distilled water 10 pLE &
ot HAsIAT
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2.3, @E™E

pET-24a(+) vector®ll ANZEA1Z cphC-I, cphC-II,
cphB plasmid 0.5 uyLE Z}7r 37}R|9] E. coli: BL21
(DE3), BL21 CodonPlus(DE3)-RIL, Tuner(DE3) 20 pL
o] &3}ste] BL21(DE3)9} Tuner(DE3)= 5%%F, BL21
CodonPlus(DE3)-RILS 3037} ice boxol] ¥l 7|t}
% oF 42°CollA] BL2I(DE3)$} BL21 CodonPlus (DE3)-
RILZ 20%, Tuner(DE3)= 30% &% heat shock 3}%3
o}, ©A] BL21 CodonPlus(DE3)-RIL, Tuner (DE3)<
ice box?lA] 2% FF & FHoll 2 SOC mediums X
9 ol 1mL7b HES kA 37°CAlA 1A13E F<t
210 pmO 2 HIFSIATE. HIAI] 8-S BA] A
kanamycin(50 mg/mL)S U3 LB agar platedl] spread
sk 5 37°ColA <F 16AIZF B YSATt. Heat shock Al
71 BL2I(DE3)= HEE LB agar platedl] =23}e] 37°C
oA 16A3E vl st

2.4, CHEkds

Kanamycin(50 mg/mL) 3 pLE LB HJA] 3 mLol] Y
33 E. coli colony 0.1~02 pgs 22 H 37°Co|A
14~16A17F 210 rpme=. i3It Edgh LB #iA] 50
mLel kanamycin(50 mg/mL) 50 uLE FU3aL 164137t
St uiRE SAelA] 500 uLE Wil oF 3AI7E B2t W
HESIT), kS 898 cuyvettedl] €3l UV-Spectropho-
tometer(Optizen, Mecasys, Korea)Z 600 nmol|A] =73}
o] OD 0.5~0.6 W&k ] -5 A| isopropyl p-D-1-
thiogalactopyranoside(IPTG)E T}eE 552 FUslL &
= 9 webhe thed] 28ste] bzl 5 ARiich
1 mLe] sampleS HHSIATE. 1 mLe] sampleS 4°CollA]
6,000 x g2 2087+ Y] S F TS el Al
XS Zol7] Y3 lysis buffer(IM Tris(pH 7.5)
25mL, 4M NaCl 75mL, 100% glycerol 200 mL,
distilled water 700 mL, 2-mercaptoethanol 480 puL) 90
uL, lysozyme(100 mg/mL) 10 uLE < ice box®ll A
30827 wkSA1Zl §H on: 403X, off 20%E 4E7F
sonicationS AAIBIATE. ©]E THA] 4°CollA 13,000 x g=
3087 AR e pellets 22t w2 Ei
galtt. g5 gl =719 Bl 5= SDS-
PAGEE AlS3le] 493199t} SDS-PAGE=  separating
gel?} stacking gelZ :rMéE]oi o 12%9] separating
gel2 H,O 2306 mL, 40% acrylamide 1.516mL, 1.5
M Tris(pH 8.8) 1.3mL, 10% SDS 50 uL, 10% APS

50 uL, TEMED 2 puLZ AZ3FATh 3mLe] stacking

J. Soil Groundw. Environ. Vol. 19(3), p. 47~55, 2014



50 227 . o

gel= H,0 2.185mL, 40% acrylamide 0.375mL,
1.0M Tris(pH 6.8) 0.38 mL, 10% SDS 30uL, 10%
APS 30 uL, TEMED 3 pLe] Ao & A2t} 8%
3t sample &9 A5 A3} pellet 10 uLE  loading
buffer 3 uLe} T O = 4ojF=a1 ZH2S: stacking gel -
ol FU3kd 1x SDS running buffer(Tris base 30.3
g, glycine 144 g, SDS 10g, distilled water 1 L)YE 2
o] 120 V& 33t 17]9% 3I8ith. ©] & SDS-PAGEZS
Al SF< 100 mLol €3l microwaveZ 1% 7t %2
ARt o] #FE 3 FAEIAT SRTE HY S
PageBlue™ Protein Staining Solution 20mLE %Il
microwave® 30% &9 FA}S}A] shaking incubatordl]
2 28°ColA A7 B<t 80 rpmeE wHISISITE vhA]
oz FRe) A 1221RF wnlsle] Tl F7] 9l

2} ST
e - S BAEIT Pre-tests: B3l HERAS 3
QI3} g-ole tA] LBHIA] 1 LE thERdAlA o2 AA

&gl A4S 4°CoA 6,000 x g2 20827 94
rejeln A5ANE AR 5 AEHS Hol7] 3 lysis
buffer(l1 M Tris(pH 7.5) 25mL, 4M NaCl 75mL,
100% 200 mL, distilled water 700 mL, 2-
mercaptoethanol 480 pL) 10 mL, lysozyme(100 mg/mL)
10 mLE FU3IR™ ice boxollA 30&37F WRSAIZ] F
on: 40%, off 20%% 1283} sonicationd}SAT}. Sonication
3 e T 4°Col A 16,000 x g2, 30E7F FAE
st Fsds 3ste] 35 0. 45 um HHeE o3
3tk WA columno] Ni?'-NTA resin 4 mLE H33]
T AR F A s FYsial 3081 7v
% 1.5mL/min F322 FIAZT 223l Ao
wash [ buffer(l M Tris (pH 7.5) 25mL, 4M NaCl
125mL, 2M imidazol 7.5mL, 100% glycerol 200 mL,
distilled water 642.5mL)9} wash 11 buffer(1 M Tris

glycerol

Table 1. Primer design of genes

2 - e

(PH 7.5) 25mL, 4M NaCl 125mL, 2M
20mL, 100% glycerol 200 mL, distilled water 630 mL)=
columne A|Zsle] B3t Thilds A AN 18
Al elution buffer(1 M Tris(pH 7.5) 25 mL, 4 M NaCl
75mL, 2M imidazol 150 mL, 100% glycerol 200 mL,
distilled water 550 mL)E 2mL¥ <x}¥o=2 51 53
AA w5 EaE A5 53 E4e Bradford

assay® THA T E =AY

imidazol

2.6 2HE &4

a4 5 0.5mL, pH 7.08] phosphate bufferol] =
1 6mMe] H,0, 0.5mL, 27} 3mM2] 4-CP, 4-CC,
CAT 0.5mLE Y8} 1.5mL centrifuge tubeol] ¥l
123 JESAIRT. HheAIZ] 89S 4°CollA 16,000 x =
1527 AAEEsl 45 9Y 1mLE  high-performance
liquid chromatography(HPLC)Z #-235}9it}. HPLC(Agilent
1200 series, Palo Alto, USA}#4-2 ZORBAX Eclipse
Plus C-18 column(AgilentyS AF&3}] mobile phaseZ
acetonitrile : H,O =30 : 70(%)2 3} 32 1 mL/min®
2 A5 FU= 278 nmellA] A1t s
&2 1 Us 991 ARIE 1 umold] 713& H3AE 5
AT A0 o= AHoslal R EE 84 FAE

£ 843 (mg-protein)® Z LiE 32 ATt
3. 283 & n#

3.1. =X

cphC-1, cphC-Il, cphBE AZ3 A7l pET-24a(+)
vector= bacteriophage?] T7 RNA THEAE HF3sIL
Aol PTGl ofgt Wdge] 71 |4 fri=shy] e
o 3G vectors AHSIATHDumon-Seignovert et al.,
2004; Khan et al,
2005). cphC-F} cphBE= pET-24a(+) vectortle] Ag+a
2 Nde 13} Hind HIIA Ze} Z42be] #] DNA

2010; Serensen and Mortensen,

Gene Primer Primer design Vector
. Nde 1-F CATATGAGGACAGGAAAAGAATACCTGGAGTC
c -
P Hind TI-R AAGCTTGGCCGGCGTGGTTACCGCAGGGTCACTTGA
Nde 1-F CATATGGTGCTTTCAATGACG
ephC-11 pET-24a(+)
Xho 1R CTCGAGITGCTCCCGGTTCAGGATTG
- Nde 1-F CATATGCTGATTCATGAACTGCATCACATTTAT
P Hind TI-R AAGCTTGCCTCGCCTTGCCTTGCA
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T7 terminator 7 terminator

His tag " His tag
Hind Tl (6678 — [/ Xho' (6867)—

cphC-T_ _Kan cPhc"E P
ET-24a-cphC-1I
Nde1 (5071, Nde (5071) ( pEvEA

T7 promotér  / ColE1 pBR322 origin 17 promoter

lac operator lac operator

lacT

(@) ¢phC-I1

Fig. 2. Recombinant pET-24a(+) vector with cphC-I, cphC-II and cphB.
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B 82 —
55 e D
(o 55—
34 — e
34 —
(kD) (kD)
1 2 3 1

(a)

(b) cohC-I

T7 promotér

ColE1 pBR322 origin ColE1 pBR322 origin

lac operator

(c) cphB

(b)

Fig. 3. (a) Overexpressed CphC-I enzyme; 1: Protein standard marker, 2: Supernatant, and 3: Pellet, and (b) Purified CphC-I enzyme; 1:
Protein standard marker, 2: Passed through the Ni**-NTA resins 3: Wash I buffer, 4: Wash II buffer, and 5~9: Passed five times by elution

buffer (1st~5th).

fragmentS AU cphC-IF= Nde 13 Xho 192
Aelele] Az St PCRZ 3iF F-3xke] d71E
S B3 A phC-F& 72~1617 bp, cphC-II= 56~
1810 bp, cphB= 80~857 bpoll YIX|3He BRIBIHT). A=
A AR primer design@} plasmid map-
Table 13} Fig. 201 AA1&FATH

32, BATNYLH M

a9} 7|29 W 47 TR 5} gl
Ao] BYR9NZ Tl AYHH oleiF 47 722 2
Qali= S3E Fel(soluble form)Z LHE EASE A
Adsllof i}, o] §4F 849 inclusion body=
W= 97 Bor wide] 4 7xE B3
ol glol 71 Aol Aojur] ojdt
(Papaneophytou et al., 2013; Serensen and Mortensen.,
2005). WA soluble form@ & W&EHA|7]7] Y= 7]
EHO = vector, YHETES TISH ZFAIAE 314
PHAAEE E colizHE soluble forme] TAE 53}
7] SeiM= mde s, WEFEAIR] IPTG &5, WA

1=

o

—_—

[¢]

Hs gElsle] HAo xS =Esjof st £ A
TolMe ZA7F Y= 15°C, 25°C, 37°C, IPTG &
0.1 mM, 0.25mM, 0.5mM, 1.0mM, HAIZES 2
6, 240 Rte T thEA AAsle] HAe] waxdS B4
stk

CphC-19] 73-¢-, ©Thild 8 Aol de] ARgE|o]
gter PTG w55 Al 24 5 U&= E coli
BL21(DE3)S 4195} (Dumon-Seignovert et al., 2004)
WS pre-tests SFATE CphC-19] pre-testZ2¥} THalzl o]
A7)= 59kDac]H.2H 15°Co1A 0.5 mM IPTG, 244I7t
B2t sl w soluble form@ 2 il ml= A
< IISIATHFig. 3). RHH R o]F FAAE HA3H
v WS LR Bhe 25 o)A soluble form-
2 fixxe AoF dHA UtkKhan et al., 2010). ©]
= E. coli7t} A. chlorophenolicus A62] ©]F F3A}
(cphC-DZ 2R} Bhe- 15°Col|l ] B3-S o Ashs A
S AWsla, &3F E. coli7} Saccharomyces cerevisiae
9] o]F FAAE 18°CollA soluble formSZ AT
Khan et al.(2010)%] A3} o] FHT} W2 2=

>
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52 224 . o]

%

HdeE o] FARRS RISHATE B8 Serensen
and Mortensen(2005)01] W= S 2o wka=
=2 2580 o B 49 soluble form ©A-S
5 F de Fo=E gEFlon & AFeXE 25°C
B} 15°ColA soluble form©Z W&E Tl o] ¢
e AL I Soluble forme 2 tiFdE
CphC-1 &AelA o Tidnks 53] 98] Nit'-
NTA resins ARE-3te] AA|3F T CphC-1of] Z3HE
His-tage} Ni*'¢}e] FISI=E olgsle] B agh thlds
AAG & B2 ] AAE oTaAhE g58ion A
AE G40 & 39.1 mgl AL FRISHATHTable 2).
o= Wojcieszynska et al.(2011V} 4-CPS H3jj5l= d
A28 monooxygenase®] crude extract cellHTF &9
o] oF ouff o W2 AL om|gith

cphC-1I%} cphBE= A= E. coli BL21(DE3),
BL21 CodonPlus(DE3)-RIL, Tuner(DE3)¢] &2 %3k

o

oy

Table 2. Concentration of CphC-I (cell extract, supernatant,
pellet, and Ni**-NTA purification)

Total volume (ml) Total protein (mg)

Cell extract 25 293.8

Supernatant 25 112.2

Pellet 25 264.9
Ni?*-NTA purification 10 39.1

82 —'=
55 —

32— &

(kD)

(@) M: Protein standard marker

ﬂ"@f{o

AFESIATE. Tuner(DE3)Y= U2 E. coliith 54 @A
o] WA F2 2olH IPTGY] FE=HIAZ AUsHA
AT 4 3 FAZRAE = FE3t E ocoli Z
&8 x  UtkKhan et al,  2010).  BL21
CondonPlus(DE3)-RIL2- ©]F A} AAE Aglsh=
2 714 (RNAS B3kl lo] dadg el F-83kA A
|53 e <Fo]tkKhan et al., 2010). ©]#E EA4%
v O = 371A] E. coliz AHESIO™ 22t xS
teketAl ARt HAY] HaxAS =3I

CphC-118] ©Ae] F7]E= 65 kDao|o™ E. coli
BL21(DE3), BL21 CodonPlus(DE3)-RIL, Tuner(DE3)l]
A 25 insoluble form® 2 WEEA 371A] cell 5
AR HEE-S JeElon BE 2%, IPTG, WA
7l tiste] CphC-1HTh ¢ e FAES 7 A&
13t th(Fig. 4). BL21(DE3), BL21 CodonPlus(DE3)-
RILS 25°ColA] 247131 W] 2& IPTGY] F=olA
AVeF W8-S UERNSIAL, Tuner(DE3)E 25°C, 6*|71e]
Z7009 1PTGE] Fxol BAgle] 2% YA wads)
Fom 2427t wSEIS s Wdo] A XA eh=
A& I8

CphBe] ©@rAo] =7]= 30kDac]go™ 3714 E.
colPlA B5 insoluble form@ 2 WFHAE| 0™ CphC-,
CphC-1l E4KRT WE0] & 21 ERIsIg). 539

1: Supernatant of pET-24a(+) vector transformed by £ col// BL21(DE3)

2: Pellet of pET-24a(+) vector transformed by £ coli BL21(DE3)

3, 5, 7, 9: Supernatant expressed with 0.1, 0.25, 0.5, 1.0 mM IPTG, respectively
4, 6, 8, 10: Pellet expressed with 0.1, 0.25, 0.5, 1.0 mM IPTG, respectively

(b) M: Protein standard marker

1: Supernatant of pET-24a(+) vector transformed by £ co/i Tuner(DE3)

2: Pellet of pET-24a(+) vector transformed by £ coli Tuner(DE3)

3, 5,7, 9: Supernatant expressed with 0.1, 0.25, 0.5, 1.0 mM IPTG, respectively
4, 6, 8, 10: Pellet expressed with 0.1, 0.25, 0.5, 1.0 mM IPTG, respectively

Fig. 4. Overexpressed (a) CphC-II enzyme and (b) CphB enzyme.
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Table 3. Specific substrate activity of CphC-I enzyme

FLE A a2 7R E Y 53

4-Chlorophenol

Total activity (U)
Pellet 0.278
Purification 0.610

Total protein (mg)

Specific activity (U/mg)
5.298 0.052
1.953 0.312

4-Chlorocatechol
Total activity (U)

Total protein (mg)

Specific activity (U/mg)

Pellet 0.291 5.298 0.055
Purification 0.903 1.9533 0.462
Catechol
Total activity (U) Total protein (mg) Specific activity (U/mg)
Purification 0.481 1.953 0.246

Tuner(DE3)oll A & go] 7P =kom 25°Co| A
1.0mM IPTG, 24A17F wHBINS w w9 =74 iy
= AL FRISIUTHFig. 4). BL21 CodonPlus(DE3)-RIL
= Tuner(DE3)¢} fAKSH 8-8- B9 94 SDS-PAGE
A Al FUFE 3uLE Fo] FAl] Blasl] 2 A3
Tuner(DE3y7} W&go] ZF ©] =& AL FRIagrh
T2]31 Khan et al.(2010)2] AE3} FASHA] Tuner(DE3),
BL21 CodonPlus(DE3)-RIL, BL21(DE3) <02 WS
o] & Z& gl

Pre-test A3} 37}A|9] &4 5 CphC-ITt soluble form
o2 dEe AS FRIsIeom AR E B3 o=
S 845 ATF R F53IQlth CphC-I8F CphBE
Khan et al.(2010)2] A37} 2] 2Rt} vk 15°C9]
2o X= o] HA] ko, TS CphAld 5As
A sequenceZ 717 chlorophenol 4-monooxygenase
ol #iD9} iCE E.coli BL21(DE3)S HZAASs} L
IPTG 1.0mME 3} 37°ColA] soluble form© 2
971 Gisi and Xun(2003)2H= vl-$- AR 0014
BAAASAE EFalal £ Aelres ddo] A =
A ol AutEs A3E vEsth webA CphC-1st
CphBE= X insoluble form®Z 2&E]o] pET-24a(+)
vector?} E. coli, 2%, IPTGE] &%, vlA7Ee] Z3o|
soluble formoZ &A= o AR & Ho=z
v

33. 7| EReEE BN
aio] 71A Bolds #AE] S8l A EAE
T ARgSlaA) 1o CphC-ITt soluble form©. 2 ‘i’—i
o] HA7] Wl insoluble form®E WHE CphC-II,
CphBE A|2J5}aL CphC-ITHe- 718 }e] wkgof A8
o} 7128 4-CPE 7IWHO R 4-CPY Z7|Es|TA|e] %

HER FAAL e 4-CC, 4-CC8F Akt 725
713 CATS A7gste] wheAIZink. Al assl 3
F7F Aoz FUT HFEIAEAAAN 35T cell
lysate, <, pellete] 42 &2 =3+ 5 3714 7]
Az} weNA Gh PR} MBS EXGGD. &
A9 cell lysate, 45, pellet, GAH G492 ¢
Table 291 A|AISFATE.

71AR AT 4-CPY] 4 FHEE A7 PAE
G549} pelletollA] 0.610 U, 0.278 US ERY S (Table
3) ortho-chlorophenol reductive dehalogenaseS A}8-3}
o] 4-CPE A3F EIAFIA] E3ZF van de Pas et
al.(1999)2} 28] A7}V para Aol $1X3+ 4-CPE
CphC-1 E4E Eag & J& &4% gltadet. 28jar
AAlE &Ae} pelletll A BIZA=E 0.312 U/mg, 0.052
U/mgs VFERIOM lysate®} 35l Wt Hhg-o] Uofut
A got RgAETL gle A ERIsIi AAlE 54
9] 4-Cp HIEEE= 4-CPE Ao R VA= Coma-
monas testosteroni JH52] phenol hydroxylase®] crude

extract cellS AFE3F Hollender et al.(1997)0] H&}e]

BHIZAAET} ) =& Ao E YERITE Ortho-chlorophenol
reductive dehalogenase® R d7|Ad  =He|Elo}

Desulfitobacterium ~ dehalogenans] cell extractS  fast
protein liquid chromatography(FPLC)Z A A|AH 2-
chlorophenols #3||8F van de Pas et al.(1999)2] 413}
Aot Hlasl® oF 1L5H] w2 HIEAEE UEe
AL FARIEtt. AAE CphC-l E4E APATSHTH
HIZAEE JERAOH pelletelAe 2 BHIZH
=5 7= AL RIS Pellet 7]2T}e] HES0]
dofd 4= = T 33k FE] FAo] AYRE ofF
oz UA| &S Wk ofe} §4 2jo] EE g Tl
= ¥3HEo] Q1o soluble form?] AA|H A4 HTE 717
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54 4 . 0]
7o} REgAo] ] v Ao ket

AAE CphC-1 49} pellete] 4-CCoe] &4 A=
£ 0903 U, 0291 U, HIZAEE 0462 U/mg, 0.055 U/
mgl 2 YERIT) 4-CPE ©A4¥o & 1A catechol 2,3-
dioxygenaseE FPLCE ARE3t BABIAZONE =75}
3l 4-CCE H3IA71A] 53+ Shumkova et al.(2009)2
28] CphC-1 4-CCol tislq g4 4TS 7= A
< golEtdnt. ®EE CphC-1# CphBe} A DNA
sequence= 7} NpdA29} NpdA19] lysateE ARE3S}]
4-CCE E3|AIZ] Perry and Zylstra(2007)2.t} 338[L:
=& HIEAEE Yehglen o]2 E3) CphC-Io] 4-CP
o] Z71RSA uhkkER sk Y 4-CcCx I
.

20057} FL3 Adtolrt. webH 4-CPE Ealsh= el
Ok 4-CCE M| 23l 4 e A= ket
CATS AAIE a4of ofsfirtt Eafj= AL a4 243
T=E 0481U, HIZAEE 0246 Umgel™ 4-CP Tt
4-CCol| vl gAE g4 Swo) nigdxe] gho] uj
S e AS 3RISIYT. Phenots E308l= Rhodococcus
opacus 1G] catechol 23-dioxygenaseE JA|AF CAT
S B33+ Shumkova et al.(2009)0 HIg] &4 A==
Ao &4 Aol 3l ot ¥ BWRolxE Eskal
B4 =T 30000, HIZAEE 1008 oY W& Aol
£ Yepgtl. a8]lal Pseudomonas putida DSMZH-E]
catechol 1,2-dioxygenase2] crude extract celle ARE-3}
o] CATH WFSAIA #3518k Sanakis et al.(2003)2] v
JErT) 28% e Zle ERISIIH. CphC-1e AR
31992 = E-738laL catechol dioxygenaseSX} H|nl&}eq
Ao Z g vk ngAgEE YERY] wiiEel CAT
o thgh &3l 7lso] "HolAl= FoE & 4 ok
AgFog 7|ARNEIE AP A7 CphC-F> 4-CP
2 4-CPo} FAKSE 25 7FA 4-cCe] Bl =2 H]
GAEE LERARE 4-CPe} 7274 AfolE Hole= CAT
o] Agelle Zalle 7Fssht vihg- 2 REEEE-S 2=

Aoz AlmEd.

e

18 =

H A= 4-CPe 7|E3ldAe] IS @5
+ monooxygenases(CphC-I, CphC-II, CphB)®] DNAZ
571 HHEIZIo) A. chlorophenolicus A6ZHE] FE3}
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pET-24a(+) vectorol] EAISIHTE EAE plasmidS thF
3t E colidl A3 AlA soluble form®] E4AE S
3l7] 3 HZFo tapitd 248 w3t WEdn
CphC-F& 15°CoIlA 0.5mM IPTG, 24Xt B¢t Hjoks}
A4S W soluble formO = FFEA FUSH Ni*'-NTA
resing ARSI A A} =2 £ o a4t
FEFATE. CphC-IIE & E. coliolA] insoluble form
o7 7P v 2d@EAa wHA] CphBiE  insoluble
formo 2 WHE o} T} AT HEE8L ) =
< 2t FRIsIYE. 18jar HAIGE CphC-k= 4-CP, 4-
CC, CATH WRSAIRAS W 242+ HIgAEE 0312U/
mg, 0.462 U/mg, 0.246 U/mg= 4-CC, 4-CP, CAT &2
2 F2 35 FRIEAT Wbk CphC-F- 4-CPE &3
Al Bink o)l 4-CC, CATS] £3ll7} 713 Aoz B
o} 4t §4 71ANt 2834 &om fARE 125
Kl 7AdE EEAAES Uellie Ao= ddEn 2
AEIR= 4-CPE H3lI5l= monoxygenaseE EUZ 4-
CP] EaltAlel tist JRE Alash gio] AYEsH
A g Aol 71EAE R E8E AR 7iEn

N

Ab A

B Ays FEs Y] Uity A - AR X9t
At AN <Az ANAAIE} - AL FER/NH YA
(YL-WE-12-001)"2.2 A= 2i&Uc}.
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