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b RR kR, PR EMFER. [42]) catPLCgl 2% 852 bp, G+C A% 48%, % 283 A~
A, ibaT&H 33.56 kD, T4 CatPLCgl Ba MR AT = EHA pH 4 7.0, L+ &
pH 7.0-10.0 SE Bl 432 1 h /&, BEERI4 90%h b REABE A 40 °C, 4 25°C #2 40 °C
S TAAR MBS, w2 210h BEWILT AL, THMARELRF THH N FEHK Koy Vi
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Ag SR A HZEEE N, MEACEREE TAAIGRNZai. (48] AEEREEMAY R
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Expression and characterization of thermostable catechol
1,2-dioxygenase from a fecal microbial metagenome of
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Abstract: [Objective] The gene (catPLCgl) coding for catechol 1,2-dioxygenase from a fecal
microbial metagenome of Nycticebus pygmaeus was cloned and expressed in Escherichia coli
BL21(DE3), and the purified recombinant CatPLCgl was characterized. [Methods] The full-length
catPLCgl was obtained based on the metagenomic high-throughput sequencing technology, and its
amino acid sequence was analyzed. Then catPLCgl was cloned into the pEASY-E2 vector, and
characterized by the heterologous expression in Escherichia coli BL21(DE3). [Results] The gene
full-length of catPLCgl is 852 bp with a G+C content of 48% and encodes 283 amino acids, with a
theoretical molecular weight of 33.56 kD. Characterization shows that the optimal pH was 7.0, and
the enzyme activity remained more than 90% after being processed for 1 h at pH between 7.0 and
10.0. The thermal activity of purified recombinant CatPLCgl was optimal at 40 °C at pH 7.0. The
enzyme was stable at 25 °C and 40 °C, retaining nearly 100% activity after pre-incubation for 210 h.
The kinetic parameters K, V. and k., values were 24.9 pmol/L, 8.3 pmol/(min-g) and 13.7 s
respectively. Fe’", Hg*", Cu®’, Triton X-100, SDS and Ag" dramatically reduced the enzymatic
activity, and other metal ions or organic reagents have less effect. [Conclusion] Recombinant
CatPLCgl has good temperature stability and alkali resistance.

Keywords: Catechol 1,2-dioxygenase, Fecal microbial metagenome, Heterologous expression,
Thermal stability
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BT Rk bEReny TARESER . MR, JE S,
ARG BT R . BrbH e . #4505 . BT,
I E- 2 — A PR A R Mk A AR 7 B2 LAY T Al
WK, B APE RS, R 2
Tyl BT, AR T 1,2-0Un A Y T & A
BAHEEE L, PRUEMEREAR I 1,2-3UM4A
E— & W ST TS (R RSP s A TS, e
T 2RI e A ik S G- s — R AR v A
DA HARHF . SR, AR R U P R s
PAFPEE ISR B 1,.2-SUIm A >,
SKUET Stenotrophomonas maltophilia strain KB2U" |
Candida albicans TL3®!, Acinetobacter sp. Y64[9]5’§F
FRRZE 8 1,2- B4 it

e 58 1 T A ) S 1 SR RS o5 A 2
99% LA b AT SR AE I TCTE o B AR A, Rl
1o 73 B B R R A= 0 R U 0 T L il 4 A G T v R
857, O P 5 | E S € I e s e 3
TF T IEEY) 3 B REFR I ), AR R & T AR )
BRIRRAI S IA], Sy SR AN A BB D Rk R R A=
WAL — R TR e RS
KB, 5 HABS P AR L e 2 A Gl AR W 2 B
AR TE S M 2R R O B A S A &R
Gel3, AR gE R, FRATC A A 22 3 R 21 S0 ik
Tl e, b sEfErs 3 — 45 48R — i 1,2-3L
IAE LI catPLCgl, JSTE R I T 1A 7 57
Rk, IO AR
1 MRSk
1.1 EZR AN

2xGC buffer [ . LA-Taq i} . dNTP Mix, G4
Y TFEA PR/ ] 5 Ni-NTA Agarose . Large-Construct
Kit, QIAGEN 4] ; FRiiREGAN &, RARALR}
£ AR Al 3 Zymo Genomic DNA Clean &
Concentration Kit. Zymoclean Gel DNA Recovery
Kit™, JCs KRR R AT BRA R -
TR . SRR bRy, Sigma-Aldrich AT
NEBNext Ultra DNA Library Prep Kit, 247+, NEB
HBRZAH] 5 HiSeq 2000 i £ —ARMIF4X, Nlumina

A AR OB A T Biorupter, Jbat At
FHEARRAT; Agilent2100 AW H, LHERR}
FeAFRZ ] ; NanoDrop 2000 #BfHIEECEEH .
Qubit 2 E @Y . Qubit DNA Quantification Kit,
TR RHRBHA R A F]; 2likAL, FUEEERAL
A RAE AN AR, TR 2 AR
et R 7l B.0HL, Eppendorf A ] ; PCR X,
IR H KA . 2R T HL KA B R L AR A, A SR A
B AT PR s RN R T, TR R 4y
BrANER AR 2wl s RO ik, IR R
ABRAH],
1.2 ¥, ERFEAE

Ak Escherichia coli EPI300 F1Z% A& pCC1FOS,
EPICENTRE /H]; Escherichia coli BL21(DE3),
Novagen A1 ; KIAFFEFRIBEIA pEASY-E2, bt
EXEEVHARAR A,
1.3 ERFERE

A QIAGEN Large-Construct Kit, #2371 & i
A AL R B B A ) 22 B2 SCE Y Fosmid TR
A5k, F NanoDrop 2000 Xif 3 K 21 SCE#EA Tt &t
Y, VIR B 46 s F Qubit X3R4
WEHTHER E = o #F 5 png FIFER 2] DNA R
fi 2 7 $ T Y Biorupter AT A T, FH Zymo
Genomic DNA Clean & Concentration Kit X§ 4] HiAY
DNA 7 Beitfr4fifl, 2lifk )5 ] NEBNext Ultra DNA
Library Prep Kit ¥ DNA F BeiR v #hF; 35l A
ik ; DNA FBoRumhniEsk Adapter; 21k ;
PRGNS A BRI H DNA R Briffralifk;
2% ER LUK A TAG N, FFXT 400-600 bp FY
DNA JBei I i, 8 h BeR/NA 500 bp
ZEAT I DNA F BEiE 4T PCR 918 (#AEH 00 & 15 B
Fik11). F Agilent 2100 Fil Qubit X ST Bt A 7
K/NFHRE E &, —20 °C 18474 . FH HiSeq 2000
DNA U ASO6T b3 ] 28 5 1) SCPE A 7 56 DRl A0
P LR 21 0 e A5 21 ) 808 A Seqprep Al Sickle A4
a3 2 B 2 Sk fn T i BT YD AR Ak gk dE L P

SOAPdenovo  1.05  (Http://soap.genomics.org.cn/
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soapdenovo.html) % 20 H 5 AL 7 4 47 DF 2 40
% 345 Contig H1 Scaffold, 2% ¥ 5 2Tk
TERGHE TN AN A H BLAST FeXF, CKrFiinfs 2 a4s
5 NR Folls EEA 7 R 2E R B, il 15
FNRPAR W 1,2-BUINARIE A catPLCgl

PA_E iR 72 5L 2H Fosmid SCETRAS TR s,
i 5 | #1%) WECgl-C120F (5'-ATGACTACGGGTA
CAGACAATC-3")#l WFCgl-C120R (5-GTCCTCCT
TGTCCAGTGCGAAG-3")#47 Touch-down PCR #~
WS H I HE A catPLCgl, PCR WK ZR . KA
2H SCE Y Fosmid {R A BURL 0.5 uL, 2xGC buffer I
25.0 pL, 2.5 mmol/L dNTP Mix 4.0 uL, LA-Taq
DNA Polymerase 1 U, 10 umol/L WFCgl-C120F
1.0 uL, 10 pumol/L WFCgl-C120R 1.0 puL, ddH,O #b
JE 50.0 uL. PCR LW 551FA : 94 °C 5 min; 94 °C
30,63 °C30s (BAEFRFE 0.5 °C), 72 °C 1 min,
20 MiEFR; 94°C30s, 53°C30s, 72°C 1 min,
10 MEFR; 72 °C 7 min,
1.4 559

DNA 2 [B] F1EE (50 2 [ 9 76 26 X 43 ) 46
BLASTn #1 BLASTp (Hittp:/blast.ncbi.nlm.nih.gov/
Blast.cgi). 5 5 BRI TR ] SignalP 4.1 (Http://www.
cbs.dtu.dk/services/SignalP/)!'"Y . & [ =R L5453 H7
i FI NPS@:SOPMA (Hittps:/npsa-prabi.ibep.fi/cgi-bin/
npsa_automat.pl? page=npsa_sopma.html)!'"*), [/
3D [l Al ] SWISS-MODEL (Hitp:/swissmodel.
expasy.org/)!' " ZFEH Xl ] MEGA 6.0, £
FF 5 He Xt 25 SR 25 Ak Fl ESPript 3.0 (Http:/espript.
ibep. fi/ESPript/cgi-bin/ESPript.cgi)'”.
1.5 EEERIERGHEE

DL KL 2H S0 % Fosmid R4 kL DNA WA
17 PCR P73, f PCR ¢ #1520 A9 3L catPLCgl
5 Rk B AIK pEASY-B2 % 18 3 & 4 R ok
PEASY-E2/catPLCgl , SR J5 ¥ A K H 7 BL21(DE3)
IRAG L0 R FF# B bk BL21(DE3)/catPLCgl., ¥4k
R EH KT EE BL21(DE3)/ catPLCgl %%
S R R DR U e P B IE 7 41

1.6 E|EBAMFRIESHAL

BUS A E IR UK pEASY-E2/catPLCgl HIK
WkFETERE BL21(DE3)/catPLCgl, L) 0.1%H)45
BT LB (& 100 mg/L Amp)k;3Ei p2Y,
37 °C. 180 r/min §53% 16 ho SRJ5BHiE Ak 09 B LA
1% R R RER BB EEAY LB (4% 100 mg/L Amp)¥
FEwirh, 37°C. 180 r/min JR¥%GHEFRZ) 2-3 h (ODeoo
KF] 0.6-1.0)5, MAZLMKSE 0.7 mmol/L /) IPTG
WS, T 20°C. 160 r/min 2kZiAR 15559544 20 h.
9 500 r/min #5.0> 5 min, WHEFEIA, HiE & pH 7.0
1) Tris-HCl 22 I WIRSS . Tokis s604F T s
BR300 W, M7 Ss, [Hf% 7). & 4°C,
12 000 r/min 5.0 10 min f& , W E I Ni-NTA
Agarose 4ifb. &% 6xHis-tag 14 H I E FLBK —H) 1,2-
XU, H2ife)srE i T 12%0) SDS-RIN
Ja TR e A FL YK (SDS-PAGE) 43 #T o
1.7 SRR ZERRIBERE S~ i

B 20 pL 150 mmol/L H2PAE — B i1 i
2.93 mL 50 mmol/L ZZ i, fiNA 50 uL i M5 By
alifb i, 1R, LIRS A ZAE XTI, ]
B 5 min 45 SN AK R AE 230 nm—-300 nm % K0
PRI EAE, R s AR 2R W AR AR A

£ 50 mmol/L pH 8.0 Y Tris-HCI ZZ M Hm A
ZHRIE N 10 g/L IARZE WAl 50 pL 4fifkArg s
fifg, BNARR 3 mL, DAAS AR R A BRAE A Xt BE
2. 7E 37 °C MK R H RN 1 h & 12 000 r/min 2
L 10 min, BB, F 3 kD MOUEREENE, LBRZy
B G 4T UPLC 234, UPLC Rl 450 itk
H Agilent zorbax SB-Cg (4.6 mm>250 mm, 5 um),
A BB KA TR(2/8) , AR 2 uL, A 30 °C,
Ui 0.4 mL/min, PDA ##%, FrlldEi 270 nm,
1.8 EZEMRoH
1.8.1 BEGEMENESERADAAEE: B 10 uL
150 mmol/L 4B 1 JICHIA R (24 M 0.5 mmol/L)
F12.94 mL 50 mmol/L & il #E i vy i B T Tk
3 min, AIA 50 pL & SFREEIBER SN 5 min, S7E]
7E 260 nm K FIE OD ., 1 EEHE AL (U)E X
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RTELE SR N R B AR 1 pmol AR
PP L, P O s R AE 260 nm Ab
M EE SR TH Y6 2280 16 800 L/(mol-cm),
182 MERERYINE : Faifbhy EAm 55 5
0.5 mmol/L AY4FA {260 nm, 16 800 L/(mol-cm)],
3-H FEARTK [ [260 nm, 18 000 L/(mol-cm)]. 4-
FHELARZE 3 [255 nm, 14 300 L/(mol-cm)]. 4-5
FEARZE 259 nm, 12 500 L/(mol-cm)]. XF4< W
[320 nm, 11 000 L/(mol-cm)|HEATSZ R, Z3HililsE A
[ e FEE A RS 40 (550 umol/L) R , 3145 Ui
1.8.3 BfFIE pH & pH RREMNZE : KralifbrysEd
fitifE 30 °C FHI pH 2.2-10.0 HIZE i A e i
g, W feil pHe 4L IBRA S T pH 4.0-10.0 1)
SRR, 7E 30 °C FARRE 1 h, SRJ57E pH 7.0 & 40 °C
A TR RN, DARAC PR B AT X IR, e pH
FasEtE, ZERCA : 50 mmol/L AP EEIR-HEIR AR —4NZE
Mifi(pH 2.2-8.0); 50 mmol/L Tris-HCI (pH 8.0-9.0);
50 mmol/L H%{f&-NaOH (pH 9.0-10.0).,
1.84 MHEEERAFREMNE: 75 pH 7.0 2
W, F0-60 °C THHATHEIE SN, I ol A
o [RIAE Tl £ P AR T TR BE(30. 40, 50 &%,
60 °C)HAbHE 1 h, BUE TIE IR E(25 °C Fi1 40 °C)
H4EF 210 h )5, 7E pH 7.0 S 40 °C T HEF T R
DIAAC BRI TR E S0 B, 0 e o
1.8.5 FAWZESHME: 7€ pH 7.0, IRJE 40 °C 1
— G R 0L B R AN [R] e BE 1 48 2R 8 S K
(5-50 pmol/L)FEA il 7€ , #2 P& Lineweaver-Burk 1
S Kinw Vinax 1 ket fEL
1.8.6 EHMESBEETFMULERTHAMENE : 7EMIER
MARZHHIIALZHE N 1 mmol/L (9 Ag”, Li*, Ca®™',
K'. Fez+\ Zn2+\ Mg%\ Na'. an+\ Fe3+\ Pb2+\ Ni2+\
Co*".Cu*" .Hg"" . A’ \EDTA . SDS . B-Mercaptoethanol
LR IE R 0.5% (AFLEL)H Triton X-100, Tween-80
FE 40 °C F1pH 7.0 540 F , MRS, DAE S8R
T ML S AR AR AT
1.9 EFEERS

catPLCgl W5tT GenBank ¥(#E/E, B3R5 H

KU971297,

2 RS540
2.1 EEZERFTISH

A EHFRIRBIR pEASY-E2/catPLCgl HI R
FFH iRk BL21(DE3)/catPLCgl, H:[H4K: 852 bp,
WAL T ATG , & %15 F TGA, G+C 5 11 48%,
i 283 NEHERR, PRl 33.56 kD, Fip
FHAL 6.06, AEESIK, FASMERERE
NCBI WS AR /iy 1,2- X0 48 it 2 32 1R 2 1)
(WP_038549328)fx i AHLINE A 95% , {H AR I Lg%
PR E . 2R TS B R CatPLCgl o -4
e B-HrE LA S TN #h & 40 R 21.91% .
22.26%F1 43.46%, 5 NCBI B3 ISR 3B /484
T 1 2- XU AR ISR T T 2 A L AT (B 1),
CatPLCgl %54 5 1 a-MRBEM N-Aumb A & B-
Pr& ) CoRImAS T AR 2R — % 1,2- BN A LAY
gEky, LI RIURI Fe' G555, Tyr-165, Tyr-199
His-223 Fl His-225.

22 EHEMMRERESHL

F TR pEASY-E2/catPLCgl WINHEAL KW
FFTE BL21(DE3), BH P v b 2500 J3° 36 UF 1E 4 - 7
T P 0 A R 24 A PP A 81 5 A FE 4 CatPLCgl 1 |
TEHIEER . 42 Ni-NTA Agarose W ig4lifbjm, 4tk
Y E4H CatPLCgl ik%] SDS-PAGE Hiyk4li, 3 HA
RIR I 1,2- BN A T (1] 2), EE4H CatPLCgl
PRIS A>T 5 33.56 kD, SEPRA> T B ABE /> T i
RNHEF
2.3 EEMEADEZEB o

Wi b5 280 B B S & SRR %2
MBI, 7E 230-300 nm KV BBl A T
Bl S LT, WRIRCIERE 255-260 nm b AN
i, SRS, IR AR WAL N
IR - 2 — s R (& 3A)-

UPLC A&l 3 B [ AR 2 iR A~ BB 1Y
(&l 3D), 435 5B bR (B 3B)FI -
T R BR AL (B 3C) AR Y, FRITABIR B
AL P R - % R
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catPLCgl 1 i
catPLCgl vTTGTDNE|T
WP 038549328 MTTGTDNP[T

al
0000000000000000000000 00
30 40
KNRVS. .S S AANAIY KDL
KNRVS. . SRERANAILYKDL)

~ABS86780 - . . .LKD[GS NQVAGLDHAE|GKPRIFKQIILR
AAK14065 MTATHHAPA SDKFAAV PKERVSL{LARE
AAC33003 -MTTTENPT SERVS. .SDTSVERAAATIYKD
a2 a4
0000.0000Q 00000000
catPLCegl g0 90 100
catPLCgl ggavy QM EIEEINYNRHGY TETKE
WP 038549328 BlyrvvKOWM DIEEINYNRHAY T[T
ABS86780 prwn DL FLDLLQDAKDAEAMI]
AAK14065 plynaL AWL VVEEV . . ATSHRK[EN
AAC33003 j3YR v LKOWM EIEEVHYNRKHF S[gT
sl B2
> > T ——>
catPLCgl 120 150
catPLCgl mRE1p sECEMP v D[EN GRRAIGE
WP 038549328 aME e suCEMP 7D 1 DfE Gl GR
ABS86780affL . . aocE AnfEKopacH
AAK 14065 AEOGSRRS VP vD[ET PpKDE:
AAC33003 sBxLpakcTMe Lefax cHoch
56 BT as
TT - 2000000
catPLCgl 190 200 210
catPLCgl DOER Y p WEVESY|
WP 038549328 13 EE[ER Y[ | WEVESY|
ABS86780 i RRI|I TDAE[ER Y[R A KCLNLL|
ED[ESFIE KLIAA
G{TIE CDDE[ENFE WFIDSY|
*
n
—TT TT o200—....0 ... ... >
( 250 270 280
FLYRKEGCKW 1 EN
L Y)axledc kw1 E N

AAC33003 RA T

............ BPKIEGDK . NVVDY|SH
............ PK TEGDN . NVVID|Y|SH3
DGMIGELRFVEDAAAARMRGVQGERFAE|LS[F|DIY

WPKPSDGG . ETVT|
BPIOPNADGVDEM

B 1 carPLCgl B FHILLRT 47T
Figure 1 Multiple sequence alignment analysis of catPLCgl
I EIHRFESIk AT NCBI MU AT IS5 5, I ClustalW HE51), FEA ESPript fbid. b WP_038549328 k[ T
Corynebacterium glyciniphilum; ABS86780 3 H T Stenotrophomonas maltophilia strain KB2; AAK14065 3£ H F Streptomyces griseus;
AAC33003 3£ [T Rhodococcus rhodochrous NCIMB13259; 1 ffi EARICHINE BB T Fe® 4 A hish.

Note: Sequences retrieved from the NCBI server were aligned in ClustalW and rendered using ESPript output. WP_038549328 stem from
Corynebacterium glyciniphilum; ABS86780 stem from Stenotrophomonas maltophilia strain KB2; AAK14065 stem from Streptomyces griseus;
AAC33003 stem from Rhodococcus rhodochrous NCIMB13259; Five-pointed star indicate amino acid residues belonging to the Fe** binding site.

2.4 EAMEFMR

24.1 FIERM: 7€ pH 7.0 & 40 °C T, B4
CatPLCgl XJ4R2R 3 (1) LI 4 8.3 U/mg, X 4-HI &
AR RN 3-FH AR Y FE TR 4 5K 1.5 U/mg
F16.9 U/mg, X 4- G FE SRR Iy FION AR 1 JO BT
24.2 &I1& pH K pHFREM : ISR AIEY),
F 4 CatPLCgl W& pH & 7.0, £ pH 6.0-9.0 2
[ AT AR 58% LA Ll (Bl 4A); £ pH 7.0-10.0
I MIBAL I 1 h 5, BERE T4 90% L B ( 4C).
243 HERERARBEM: REEER 40 °C,
£ 0-60 °C yE I N A TG, 7E 0 °C H1 10 °C 435l
HAZ) 12%F 20%1 S (B 4B); 7E 30 °C Al

kD 1
116.0

66.2

M 2

45.0

35.0

25.0

2 KA ETREPEHLEEL SDS-PAGE 51
Figure 2 SDS-PAGE analysis of recombinant CatPLCgl
. 1: B4 CatPLCgl 4lifbEEH; M: &M Marker; 2: FHLHH
RIRIE.

Note: 1: Recombinant CatPLCgl purified protein; M: Protein

molecular weight marker; 2: Total proteins of E. coli BL21(DE3)
harboring the recombinant plasmid pEASY-E2/catPLCgl.
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Figure 3 The analysis of degradation product of recombinant CatPLCgl
TE: A: SR E A CatPLCgl /A FHALAIILIN-C — 4 —FR, MM 5 min £ 260 nm A0 5E — RPN IG-C 46 —RR AR
JefH; B: GBI ARG Co JRB-CL U “WebRgh; D APR B E 41 CatPLCgl S Ak M- CL 0 .
Note: A: With the effect of recombinant CatPLCgl, catechol was transformed into cis,cis-muconic acid. The reaction was initiated by the
addition of 1 mmol/L catechol, followed by measuring the absorbance at 260 nm at time intervals of 5 min (up to 50 min). The black arrows
point to the cis,cis-muconic acid; B: The results of UPLC analyses catechol standard sample; C: The results of UPLC analyses

cis,cis-muconic acid standard sample; D: The results of catechol was degraded into cis,cis-muconic acid after incubation with recombinant
CatPLCgl.
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Figure 4 Characterization analysis of recombinant CatPLCgl
H: A: Bl pH; B: fo@iifE; C: pH RUEYE; D: WERUENE; B. WRERGENE, FARE 25 °C 1 40 °C 705 210 h.
Note: A: Effect of pH on recombinant CatPLCgl; B: Effect of temperature on recombinant CatPLCgl; C: pH stability of recombinant
CatPLCgl; D: Thermostability of recombinant CatPLCgl; E: Thermostability of recombinant CatPLCgl. The enzyme was incubated for 210 h

at 25 °C and 40 °C.

40 °C 5F R 3Z 1 h, h0R%F 100%81 ; 50 °C
FAF T2 10 min, FIRFHEZ) 46% (&l 4D); 7E
25 °C i1 40 °C 514 R 32 210 h % il i 4 3 4% 0
RZ (] 4E) .

2.4.4 ENHESH: 7 pH 7.0 LIRFE 40 °C 5&14F
T, B K Vinax T kear 53504 24.9 pmol/L
8.3 mmol/(min-g)fl 13.7 s,

245 EREBFMEFEXFTHME: 1 mmol/L SDS
N Ag 5E S E 4 CatPLCgl MIREIEE, Fe* .

Hg®". Cu®". Triton X-100 XJiZ% BEA3 758 A4 1l 14
R, A4 a7 R A 2 R0 X 2 2 14 57 e 4K
UNE BB
3 e

AW AT HN TR A2 W A 215 22 BE IR 4 S g
AR 1 1,2- UM 5L A catPLCgl, FE0FFEH:
FLAFGRGEAVE T, AT EL] CatPLCgl XF4RIE
P2 is e 2R B T RGIRIEYE, I AR AR
TFERAE B - — 4 —WR. R R,
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*1 ERBETRUFAFNEHENENZN

Table 1 Effect of various metal ions and chemical
agents on enzyme activity

BT AR it T
Reagent Relative activity (%)

None 100.0£3.7
Fe** 118.6£5.7
Mg* 113.0+4.0
Na® 112.7+1.9
K 111.8+5.8
Ca*" 111.6+4.2
Li 109.7+4.4
Pb** 108.5+6.3
Zn** 107.5+4.5
Co** 105.8+0.3
AP* 103.7+7.5
Ni** 103.1£7.3
Mn** 93.4+1.2
Fe** 32.2+4.7
Hg* 18.4+3.0
cu®f 11.5+5.0
Ag' 0.0+0.0
B-Mercaptoethanol 110.3+1.3
EDTA 98.4+2.4
Tween-80 (0.5%, V/V) 81.1+5.0
Triton X-100 (0.5%, V/¥) 9.4+1.3
SDS 0.0+0.0

ARG 5 A o-IRBER N-oRimgs s g-4r&
() C ARSRSEHIIRAIATHE W 1,2- 00N R ML

NCBI X455 BoR 5 = P8 — 30 95%, fHA
LR PE R S RGE . RIS SR, =
fifgxt 3-FLARIE Iy A 4-F JLAT 2K T A B g
e, WX 4-S LSRR I LT e T CARIERY
WFE BRI, ARHE I 1,2- XA BT 40 h 1 BUAN
DRI BRRZE R, TR SE DN 3 2t B S A RO A iveAL

YR mERT, i T R LEX AR —
T FEffRE ST, R ET RIS R B A T BAROR
T 1,2- XU AR

SHEMAEYIRIERY SRR My 1,2- B0 4 it i
T 2), 4 CatPLCgl foif pH M 7.0, S5EHR

(221 Stenotrophomonas

1B Pseudomonas aeruginosa
maltophilia strain KB2'"!, Candida albicans TL3®%
VSRR By 1,2-BUM A iE pH AL ik
WEEH 40 °C, S5 CHIEM Stenotrophomonas
maltophilia strain KB2 Fll Pseudomonas aeruginosa
1, {8 Candida albicans TL3. Rhodococcus sp.
NCIM 289 1B YR AR ZE 1 1,2- XU 4 A o 4
w5 1E 0-60 °C Ju [l INATRRE , HA GRS,
i Yu Bl 5 Stenotrophomonas maltophilia  strain
KB2 ML, B[ Streptomyces setonii™ ™ .
R EET S KB, HE4H CatPLCgl KILH T4
UFITEAAPE, 7E 40 °C Z50F403E 210 h 5T L
PS5 Candida albicans TL3 F1 Rhodococcus sp.
NCIM 2891 #H{BL, T Stenotrophomonas maltophilia
strain KB2 7£ 30 °C 234 3 h, Acinetobacter sp.
Y64UHE 37 °C 4bFE 2 h BEEHRR 10%. HEAhE4]
CatPLCgl i3RI T 47 Ak , 78 pH 7.0-10.0
AIBRME A F N AREE 1 h, BEEERIAY 90%LL L, HOk
T Candida albicans TL3 F Rhodococcus sp. NCIM
2891 Y BAT i FEAGE PR A8 — 1y 1,2- XU 4 Al 2.
A S SR A MR BRI (3 2).

gi bLprid, RIENADRIEAEL] CatPLCgl 3t
AR E PR RN R E . 4565 4 CatPLCgl &
TR 08 AR M AR B T S ] T O R R
IS5 Y 0 1 — 2D R AN ol A A= 7 - 2 —
M IR, SR HEIMSRIEZ CatPLCgl MHRMEA
gy D, RISE s o1 ) AR R G H 52
TR AIREARIRYILRE) | FE L B
SR R R ARIE 8 1,2-XUIN e, LAY RHE
Broniy FH s,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2017, Vol.44, No.8

WA 384K Microbiol. China

[0Y0)ed[AIN-1

001-0°L30
a3uer Hd usamioq

1956

[OY2IESIAAN-E [ T I0F %06< 03 dn Y 01T 1eYe D, 0F (09-0) SWSIUESI00IOMI
Apwys sy, [ogoale)  surewer  AIAIDY pue D, ST I Q[qES ('L (V% 6'1C 9¢°€¢ - parmnoun  [3DTd1eD
[0Y0R1B[AYIN-1 9116€
[04221BdAION-€ (s9-¢0) DOLV Huojas
[¥z] [oy9318D) - - - S 8T - D saoduiorda.g pwo
0'6—0'L Jo o3uer
Hd usomioq uru (¢
0] %08< 01 dn Do 17 WEE] 2810 168C INION “ds
[eT] — surewnr  Ajanoy  exmeroduwo) uoym d[qels S'L 0¢ 0°¢ 00°0¢ D SERBIORIOPON 5] (0140)
[o11eS014g
10499420010y )~17 YT 10k Do ¥
[OYOQJed[AYIOIA- 1B JUSWedN} Iojje Do 06 Je Juounjean Z00M3LL
[OY09Jed[AIOIN-€  0°6—0°L JOo oSuer Ioye 9,0] pouredr pue psou1sn.ion
[ce] [oyoared  HA oW 1e 9[qEIS Y T Joye D, OF 1 2[qBIS 0L (V% 6°G 00°C¢ D NRCRHOIHERG | (0140)
[omauazZuUdg-47 |
104921800 NIN -1 4 9 101e AIAnoe
[OYOBI[AYION-f SN JO 98] AJuo y g Ioye
[OY9JBI[AYIDIN-€  1SO] pue ('Y pue ANAIOER 9(0] ISO] pue 9 ds
6] foydare)y (0L HA 18 o[qelS U ¢ 10] O, LE I 9IqBIS L' LE S'LI 00'9¢ D 42]9DqOJULIT (014 F0)
0°6-0°L Jo 9Suex
Hd om je urw (g ur Og
[OUOQJed[AYIOIA-  ISB9] Je  ANAIOR Joge ), (O UBY} JOMO[ €11 Sunoiqpp
8] [04o91B)  9%S8< Surureluiely dmendwo) uYM O[qEIS ('8 S¢ €6 00°[€ - CfPPRITD) (01410)
10Y091eI[AYIIN-1 7> urens
[0Y221ed[AIOIN-€ 1 € SeM D), Ot I8 (09—) vijrydojyput svu
[L] Joyoae) — OwAzud oy} JO JIEH 08 (0] 8Tl 0S'¥€ D owoydo.joudig oz1D
Qouarejoy  Ayoyroads gjensqng - onsuejoereyo Hd MWMMMM«H%M EHMMWO AOOVﬁMHHMMQEB (Troun) wy MMMW MMM wein wsuo sweN
hing A 4 Hd e Hd Ty R sk LA BEE L& S Wy

$92.1N0S SNOLIBA WIOIJ ISBUISAXOIP-7*T [0Y29)ed [enaed Jo suonezidydeiey) ¢ dqeL

(%5

RS o e T Gy Al B 4 A ) TN

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XA A S A ) % i TR LA TR A PR PR 8y 1, 2-UNn 4t S U5 S i~ ot

1957

[10]

[11]

% X @k

Zhang J, Xia CG. Studies of structure and function of aromatic
hydrocarbon dioxygenases[J]. Progress in Chemistry, 2004, 16(1):
116-122 (in Chinese)

wAY, R, BHEREIUNARZET SRR 5], bk
i, 2004, 16(1): 116-122

Xu BW, Li SY, Zhang Q, et al. Advance in research on bacterial
aromatic extradiol dioxygenase[J]. Chinese Journal of Applied
and Environmental Biology, 2012, 18(5): 873-879 (in Chinese)
VFIRSE, ZERE0H, skam, 5. 400807 KA ZBEXUIN S BB 52
HEJEI]. Wi 5B, 2012, 18(5): 873-879

Guo CL, Zheng TL. Biodegradation and bioremediation of
polycyclic aromatic hydrocarbons[J]. Marine Environmental
Science, 2000, 19(3): 24-29 (in Chinese)

SRy, R, 2T IR Y e S LEME D).
FEAEERI, 2000, 19(3): 24-29

Zhou XM, Chen JJ, Geng LZ, et al. Advances in study on
structure and function of catechol 2,3-dioxygenase[J].
Biotechnology Bulletin, 2007(4): 51-54 (in Chinese)

JA AR, WREE, Word, 5. AR 2,3-SUN SR 451
FINBEWE S HERE )], AEEOR IR, 2007(4): 51-54

Yoon JH, Kang SS, Cho YG, et al. Rhodococcus pyridinivorans
sp. nov.,, a pyridine-degrading bacterium[J].
Journal of Systematic and Evolutionary Microbiology, 2000,
50(6): 2173-2180

Polen T, Spelberg M, Bott M. Toward biotechnological
production of adipic acid and precursors from biorenewables[J].
Journal of Biotechnology, 2013, 167(2): 75-84

Guzik U, Hupert-Kocurek K, Sitnik M, et al. High activity
catechol 1,2-dioxygenase from Stenotrophomonas maltophilia

International

cis-muconic acid
103(6):

strain KB2 as a useful tool
Antonie Van Leeuwenhoek, 2013,

in cis,
production[J].
1297-1307
Tsai SC, Li YK. Purification and characterization of a catechol
1,2-dioxygenase from a phenol degrading Candida albicans
TL3[J]. Archives of Microbiology, 2007, 187(3): 199-206

Lin J, Milase RN. Purification and characterization of catechol
1,2-dioxygenase from Acinetobacter sp. Y64 strain and
Escherichia coli transformants[J]. The Protein Journal, 2015,
34(6): 421-433

Streit WR, Schmitz RA. Metagenomics——the key to the
uncultured microbes[J]. Current Opinion in Microbiology, 2004,
7(5): 492-498

Schmeisser C, Steele H, Streit WR. Metagenomics,
biotechnology with non-culturable microbes[J]. Applied
Microbiology and Biotechnology, 2007, 75(5): 955-962

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Harayama S, Kok M, Neidle EL. Functional and evolutionary
relationships among diverse oxygenases[J]. Annual Review of
Microbiology, 1992, 46(1): 565-601

Xiong CY, Xu B, Dai LM, et al. Analysis gene diversity of
phenol hydroxylase and catechol 1,2-dioxygenase from fecal
microbiome of Nycticebus pygmaeus[J]. Microbiology China,
2015, 42(11): 2189-2197 (in Chinese)

RER v, VP, BFIER, 5. REBEISE M4 YR B R L
FGBIR W 1,2-BUIN A BERE R ZAE DR T]. B 2id i,
2015, 42(11): 2189-2197

Petersen TN, Brunak S, von Heijne G, et al. SignalP 4.0:
discriminating signal peptides from transmembrane regions[J].
Nature Methods, 2011, 8(10): 785-786

Sapay N, Guermeur Y, Deléage G. Prediction of amphipathic
in-plane membrane anchors in monotopic proteins using a SVM
classifier[J]. BMC Bioinformatics, 2006, 7(1): 255

Berman HM, Westbrook J, Feng ZK, et al. The protein data
bank[J]. Nucleic Acids Research, 2000, 28(1): 235-242

Guex N, Peitsch MC, Schwede T. Automated comparative
modeling with SWISS-MODEL
Swiss-PdbViewer: a historical perspective[J]. Electrophoresis,
2009, 30(S1): S162-S173

Biasini M, Bienert S, Waterhouse A, et al. SWISS-MODEL:
modelling protein tertiary and quaternary structure using
evolutionary information[J]. Nucleic Acids Research, 2014,
42(W1): W252-W258

Robert X, Gouet P. Deciphering key features in protein
structures with the new ENDscript server[J]. Nucleic Acids
Research, 2014, 42(W1): W320-W324

Sambrook J, Russell DW, Maccallum P, et al. Molecular
Cloning: A Laboratory Manual[M]. 3rd Edition. New York: Cold
Spring Harbor Laboratory Press, 2001

protein  structure and

Wojcieszynska D, Guzik U, Gren I, et al. Induction of aromatic
ring: cleavage dioxygenases in Stenotrophomonas maltophilia
strain KB2 in cometabolic systems[J]. World Journal of
Microbiology and Biotechnology, 2011, 27(4): 805-811

Wang CL, You SL, Wang SL. Purification and characterization
of a novel catechol 1,2-dioxygenase from Pseudomonas
aeruginosa with benzoic acid as a carbon source[J]. Process
Biochemistry, 2006, 41(7): 1594-1601

Nadaf NH, Ghosh JS. Purification and characterization of
catechol 1,2-dioxygenase from Rhodococcus sp. NCIM 2891[J].
Research Journal of Environmental and Earth Sciences, 2011,
3(5): 608-613

An HR, Park HJ, Kim ES. Cloning and expression of
thermophilic catechol 1,2-dioxygenase gene (catd) from
Streptomyces setonii[J]. FEMS Microbiology Letters, 2001,

195(1): 17-22

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



