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Table 1 Bacterial strains and plasmids used in this study
Strains and plasmids Characteristics Source
Bacterial strains
Pseudomonas sp. PDS-7 PNP degrader, wile type This study
E. coli DH5a Host strain, SUpE44 hsdR17 recAl endAl gyrA96 thi-1 relAl TaKaRa
E. coli BL21(DE3) Host strain, ompT hsdSg gal (A ¢ | 857, ind1, Sam7, nin5, lacUV5-T7genel) dcm (DE3) TaKaRa
Plasmids
pMDI18-T Cloning vector, Amp" TaKaRa
pMD548 pMD18-T with a 548 bp PCR product containing pnpC partial sequence This study
pHQ23 pMDI18-T with a 2.3 kb PCR product obtained from SEFA-PCR for the pnpC 5 “end amplification This study
pHQ27 pMDI18-T with a 2.7 kb PCR product obtained from SEFA-PCR for the pnpC 3 “end amplification This study
pET29a Expression vector containing T7 promoter, Km" Novagen
pETpnpC pET29a derivative carrying the pnpC gene This study
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R2 FHRFAASY
Table 2 The primers used in this study

PCR primers Sequence(5% 37T Size/bp
pnpCp-FP CGGCAGGAGTTCATCCTG 18
pnpCp-RP GAGTCCTTCACGCCGAACAC 20
7uSP1 ATAAGGATCGTCACTGTTGAACAGGT 26
7uSP2 ATGACGATTGGCCGCGTCAAGCATCT 26
7uSP3 TAGCACACGGGCACCNNNNNNNNNATGGCG 30
7dSP1 GCCCTGGTCTATGGCCGAGTGCTCGATG 28
7dSP2 ATGTACTCGGGACAAGATCCCGATCAGC 28
7dSP3 CCCGTGTGCTACCCGNNNNNNNNNGATGGC 30
pnpC-FP CGGCATATGACCGATCATTACAAAG (Nde I site underlined) 25
pnpC-RP TCGCTCGAGTTATTCCGCCTCCATG (Xho I site underlined) 25
1.1.4 PNP [8,14~17) pnpCp- FP
(catechol) pnpCp-RP 2 PCR
(hydroxyquinol) Sigma 95 2min 94 30s 60 30s 72 45s 30
72 10 min TA
UV2401 SHIMADZU, Japan 7uSP1  7uSP2 7uSP3
12 EMHNE. £F 7dSP1 7dSP2 7dSP3 2 SEFA-PCR!"
20 ¢ MSM PNP chromosome walking
100 mg/L 180 r/min 30 PCR NCBI
PNP ORF Finder http://www.ncbi.nlm.nih.gov
/pro jects/gorf ORF
100 mg/L PNP MSM 30 4d SEFA-PCR
PNP 100 mg/L 15 uL 2><GC buffer I 4 pL 2.5 mmol/L
MSM dNTP 1pL5pmol/L SP3 0.3 uLLA-Tag 1puL
16S rDNA 50 ng/uL 30 uL  PCR
[12] 95 1 min 94 30s 30 3 min
DNA CTAB (1 16S tDNA (5 70 70 5min PCR
16S tDNA 5= 1 uL 25 pmol/L SP1 PCR
AGAGTTTGATCCTGGCTCAG-3 “ E.coli 27F 94 30s 70 5 min 25
5 ““TACGGCTACCTTGTTACGACTT-3 8 PCR 94 30s 50 30s 70
E.coli 1492R  PCR 1.5 kb V-Gene 5min 1 94 30s 70 S5min 2 8
pMDI18-T PCR 70 5min 0.5 1.0puL
Vector
GenBank 5L 2><GC bufferI 4 uL
http://www.ncbi.nlm.nih.gov Ribosomal Database 2.5mmol/L dNTP 2 uL 5 pmol/L SP2 0.3 uL LA-Taq
Project Il http://rdp.cme.msu.edu 16S rDNA 1uL SEFA-PCR 1000
BioEdit Mega3.0 30 uL PCR 95 2min 94 30s
Kimura2-Parameter Dis- 70 Smin 30 72 10 min
tance neighbor-joining 02 1pL
1000 14 REZBRNEABEREXGITEPORIRE
bootstrap ity 7 A6
1.3 PNP FERRIBXER B eFE pnpC 2
BioEdit 1,2- pnpC-FP pnpC-RP pnpC-FP
hydroxyquinol 1,2-dioxygenase pnpC-RP Ndel ~ Xhol PCR
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E. coli BL21/pETpnpC PDS-7
37 150 r/min 1 mmol/L IPTG 4h 0.2 mol/L
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6 min 3s  12000Xg
16S rDNA GenBank
20 min PnpC
DQ860087 GenBank 16S rDNA
0.2 mmol/L PBS 50 mmol/L Blast PDS-7
10 20pug 30 10 min 1 mol/L 16S
PH 7.5 rDNA neighbour-joining method
[19~21] 2 PDS-7 Pseudomonas
3l P. monteilii  P. plecogloss-
30 pH7.5 1 min 1 pmol icida 16S rDNA 99.8% P. mosselii
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15 HFHE PDS-7 Proteobacteria
PNP (22 NO,” y-Proteobacteri y- Pseudomonas sp.
2 ODs00
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Fig. 2 Unrooted neighbour-joining tree based on 16S rDNA sequences of strain PDS-7 and related species. Bootstrap values obtained
with 1000 repetitions are indicated as percentages at the nodes. The scale bar represents 0.005 substitution per nucleotide site and
GenBank accession numbers are in parentheses. Halomonas elongate ATCC 33173" is selected as outgroup for tree construction.

2.2 H#k PDS-7 3 PNP BB fR45 4 0.37 mmol/L 0.28 mmol/L
PNP 0.57 mmol/L PNP
PDS-7  PNP PDS-7 NO,”
PNP PNP 3-B PNP
3 3-A 36 h 46 h NO,"

80 mg/L PNP 0.57 mmol/L PNP 46 h 0.57 mmol/L

20h 30 h

PNP NO,” 30 h pH

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



1490 Xiaojun Dong et al. /Acta Microbiologica Sinica (2008) 48(11)
PDS-7 PNP pH 7z 2.3kb  2.7kb
pH7.0~9.0 PNP pH pMDI18-T pHQ23

PNP pHQ27 1
pH<7.0 PNP 4-A PNP 2,327 bp
20 37 2,716 bp 548 bp
PNP 45 PNP 4,668 bp GenBank EU233791
4-B PNP PDS-7 PNP (A) —+—PNP; —8— NO:-; —&— (ODuw
- 0.14
3 06 0.12
80 mg/L  0.57 mmol/L PNP 0.72 mmol/L Z 05 :
E 0.10
4-C z o 0.08 3
0.01% 0.05% 0.1% < 03 0.06 ©
S 02
PNP 0.3% g 02 0.04
& 0.1 0.02
PNP [ s ; —_— 0
pH 0 10 20 30 40 50 60 70 80
t/h
4-E PNP 4-D (B) 1 0.14
4-F S 064 0.12
i X gos| 0.10
2.3 PNPREfRHEXEEMNTE Eoal 008 <
pnpCp-FP  pnpCp-RP 2 PDS-7 o3t OIO() CQ;
DNA 548 bp D‘c’: 02 0.04
Z
1,2- % 0.1 f 0.02
hadcl'¥ tftH!">) dxnF!'® anC[g] orf2(!"! 0 I I S0
0 10 20 30 40 50 60 70 80
59%~62% h
Pseudomonas sp. PDS-7 1 2- 3 PDS-7 xt PNP BIF&fiR. NO, RIBM R EEKEKIER
> Fig. 3 Degradation of PNP, release of nitrite and the growth of
PDS-7. A: PNP as the sole carbon and nitrogen sources; B: PNP
SEFA-PCR i as the sole carbon source.
(A) (B) (©)
0.7 100 N 10.08 08
r cgradation rate —_——

~ 06 2 ~—ODe 1007 5 g(?) ——

E ——pH 5.0 -;;' 80 ¢ | gg(; 2 0'5 i — 0.14 mmel/L

£ —s—pH 6.0 = 60} 128 == .36 mmol/L

‘::‘3_,' caepH 7.0 % 0.04 8 :Z Of == 0.57 mmol/L

=z --«--pH 8.0 2 407 10037 5 037 —+— 0.72 mmol/L

= ——pH9.0 gl 1002 = 027

a 1001 T 00}
i 0 P —
10 20 30 40 50 60 70 510 15 20 2530 3540 45 5055
th T/C t/h

(D) 0 ul (5175 i (F)

PRRURN - 0.31%’./;?;‘[1?:030 7.0 071

o ——0.05% glucose ¢ 5 P 0.6

= 0.4 = 0.1% glucose -
g —-03%glucose 0.0 | o _05¢
£ 03} —55F —+0% glucose 204l

= *5_‘.'0 | —==0.01% glucose = 0% glucos®

= 02} hE —=0.05% glucose 3 0.3 ——0.01% glucose

Z 4571 —0.1% glucose ——0.05% glucose

Tolf 40 1 =0.3% glucose gf I 0 5% Hlucose

357 ) _'_______;__:l
0l gl 0 et

24 6 8101214 1618202224
th

024068101214 1618202224

t/

4 WE pH. BE. ¥4 PNPRERRMBAEEX EHk PDS-7 FE#E PNP IR M
Fig. 4 Effect of initial pH, temperature, initial PNP concentration and addition of glucose on the degradation of PNP by strain PDS-7.
A, B, C: effect of initial pH, temperature and initial PNP concentration on the degradation of PNP, respectively; D, E, F: adding glucose
on the degradation of PNP, medium pH value and growth of PDS-7, respectively.
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Fig. 5 SDS-PAGE of pnpC expression in E. coli BL21 (DE3).
M. Marker; 1. protein extracts of E. coli BL21/pET29a cells; 2.
protein extracts prepared from the uninduced E. coli BL21/
pETpnpC cells; 3-5. protein extracts prepared from the induced
E. coli BL21/pETpnpC cells for 1, 2 and 3 h, respectively. Ex-
pression product of pnpC gene is indicated by the arrow.
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Characterization of a p-nitrophenol degrading bacterium Pseudomonas sp.
PDS-7 and cloning of degradation relevant genes

Xiaojun Dong, Qing Hong', Lian Li, Shunpeng Li

(Key Laboratory of Microbiological Engineering Agricultural Environment, Ministry of Agriculture,
College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [Objective] The aim of this study was to (i) isolate and characterize bacteria capable of degrading p-nitrophe-
nol (PNP); (ii) determine the kinetics of biodegradation, (iii) clone and express the PNP-degrading related genes. [Meth-
ods] Enrichment method and serial dilution spread-plate method were employed to isolate PNP-degrading strain. Mor-
phological, physiological & biochemical tests and 16S rDNA sequence analysis were used to identify the isolate. Degra-
dation kinetics was studied by flask test. PNP-degrading related genes were cloned by SEFA-PCR method. Hydroxyquinol
1,2-dioxygenase encoding gene pnpC was cloned into pET29a to construct the recombinant plasmid pETpnpC and ex-
pressed in E. coli BL21 (DE3). The activity of the expressed product was determined by spectrophotometric method.
[Results] Strain PDS-7 capable of utilizing PNP as the sole carbon, nitrogen and energy source was isolated and identified
as Pseudomonas sp. It could tolerate the PNP concentration up to 80 mg/L, the optimal temperature for degradation was
about 30°C and alkaline pH benefited PNP degradation. Hydroxyquinol 1,2-dioxygenase and maleylacetate reductase en-
coding gene pnpC and pnpD were cloned and sequenced respectively, the sequence was deposited in GenBank with the
accession number EU233791. pnpC was expressed in E. coli BL21 (DE3), the expressed product in cell-free crude extracts
showed ortho ring cleavage activity to hydroxyquinol and catechol, with the special activity 0.45 U/mg protein and
0.37 U/mg protein, respectively, indicating pnpC gene encoding hydroxyquinol 1,2-dioxygenase was actively expressed.
[Conclusion] One PNP-degrading strain Pseudomonas sp. PDS-7 was isolated and identified. Its degradation kinetics was
studied. Its degradation relevant genes were cloned and expressed.

Keywords: p-nitrophenol; Pseudomonas sp. PDS-7; degradation kinetics; gene cloning
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