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Abstract  Construction of multifunctional pesticides-degrading genetically engineered microorganisms GEMs s increasing
important in the bioremediation of various pesticides contaminants in environment. However construction of genetically stable
GEMs without any exogenous antibiotic resistance is thought to be one of the bottlenecks in GEMs construction. In this article

homologous recombination vectors with the recipient’s 16S rDNA as homologous recombination directing sequence HRDS  and
sacB gene as double crossover recombinants positive selective marker were firstly constructed. The methyl parathion hydroalse
gene mpd was inserted into thel6S rDNA site of the carbofuran degrading strain Sphingomonas sp. CDS-1 by homologous
recombination single crossover in the level of about 3.7 x 1077 ~ 6.8 x 10”7 . Multifunctional pesticides-degrading GEMs with
one or two mpd genes inserted into the chromosome without any antibiotic marker were successfully constructed. The homologous

recombination events were confirmed by PCR and southern blot methods. The obtained GEMs were genetically stable and could
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degrade methyl parathion and carbofuran simultaneously. The insertion of mpd gene into rm site did not have any significant
effect on recipient’ s physiological and original degrading characteristics. The methyl parathion hydrolase MPH was expressed
at a relatively high level in the recombinants and the recombinant MPH specific activity in cell lysate was higher than that of
original bacterium DLL-1 in every growth phase tested. The highest recombinant MPH specific activity was 6.22 mu/pg. In
this article we describe a first attempt to use TRNA-encoding regions of Sphingomonas strains as target site for expression of
exogenous MPH  and constructed multifunctional pesticides degrading GEMs which are genetically stable and promising for

developing bioremediation strategies for the decontamination of pesticides polluted soils.

Key words  homologous recombination rDNA  sacB  genetically engineered microorganisms —pesticides degradation
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Table 1 Basic characteristics of strains and plasmids

Strains or plasmids

Relevant property ies

Source or reference

Sphingomonas sp. CDS-1

Pseudomonas putida DLL-1

carbofuran degrading strain  wt  Str"

high efficient methyl parathion degrading strain

14
15

E. coli DH5a AlacU169  P80lacZ AM15 Laboratory stored
E. coli DH5a. RP4-2-tet Mu-kan  Tn7 integrant lew-63  IS10 recAl creC510 hsdR17 ~ From Dr. Zhu Jun of Harvard Medical
’ pir endA1 zbf-5 widA Amlul  pir + thi School
. . . From Dr. Zhu Jun of Harvard Medical
E. coli SM10;, Km" thi-1 thr lew tonA acy supE recA RPA-2-Tc  Mu pir School
pDT3 Amp”  2.2kb methyl parathion hydrolase gene mpd fragment inserted into 2 13
MCS of pUC19
pMD 18-T Amp” Brought from Takara Dalian
pBluescript [ SK + + - Amp” Brought from Sangon Shanghai
) From Prof. lan Blomfield of KENT
pIB279 Km”  with Km-sacB fragment .16
university
WMOL Amp" f1 + ori lacZa of pBluescript 1l SK* oriRgexy oriTgpy  From Dr. Zhu Jun of Harvard Medical
P sacB  Sucs School 7
pMDR Amp"  with 16S rDNA fragment inserted into the MCS of pMD 18-T This study
pMRP-1 Amp"  with a mpd gene inserted into the Nhe | site of pMDR This study
pMRP-T Amp"  with two mpd genes inserted into the Nhe | site of pMDR This study
PBRP Amp"  with 16S tDNA and mpd fragment in pBluescript Il SK + + — This study
pWSM-1 Amp"  with 2.5kb fragment from pBRP inserted into pWM91 This study
pWSMK-1 Amp”  Km' with K,,-sacB inserted into pWSM-1 BamH | site This study
pWSMK-T Amp”  Km’ same with pWSMK-1 but with two mpd genes This study
1.1.3 LB Sphingomonas sp. CDS-1 ~ 1/3 LB 30°C
18 1/3 LB 3 LB LBM
LB 100pg/mL MP SLB 1.2.2 DNA
LB 5% E. coli
Amp 50pg/mL Southern 18
Km  25pg/mL Str 100pg/mL DNA DNA
1.2
1.2.1 Escherichia coli 1B 37°C PCR 2
2 PCR
Table 2 PCR primers and reaction conditions
Primers names Sequences of primers 5'-3’ Denatural temperature/ °C Annealing temperature/ °C Remarks
16S F27 AGAGTTTGATCCTGGCTCAG o4 50 19
R1492 TACCTTGTTACGACTT
F1 ATGCTAGCTCCGTCCA ATCTCC % 60 Nhe 1
mpd Rl CAGCTAGCTATCACTTGGGGITG Nhe |
HR confirmation P1 TTITCCTTGTCCTTGTGGG stop
PI’ CCCACAAGGACAAGGAAA 95 62 codons
P2 CCTGCCTCCTTGCGGTTA
1.2.3
5000 r/min 1.2.4 MPH
1 MPH 20uL
0.25um LB 30°C 20,1 974uL :
24h 0.2 mol/L. pH8.0 1.5mL
S0pg/mL Amp 25pg/mL Km  100pg/mL Str - 1/3 LB eppendorf 6pL. MP 10mg/L
35C Smin 0.2mL

100pg/mL Str

1/3 LB
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0.5mL 4.5mL - MP PNP
0.5mol/L. pH10.0 399.5nm 1 mpd
PNP A 1 u 2 mpd
35C 1lmin MP 1pmol PNP pMRP-1 ~ pMRP-T Pst I Xho 1
u/pg pMRP-1 2.6kb 16S rDNA mpd
SmL 10000 r/min pBluescript [l SK + + —
Smin pBRP Xho I~ BamHI
Lmin Na, SO, 16StDNA  mpd pWM91
200 ~ 400nm E. coli DH5ay,, pWSM BamH1  Nde
282 nm I pIB279 3.8kb  Km-sacB
2 pWSM  BamH | pWSMK-1 pWSMK-T
pWSMK-1 Nhe 1 2
2.1 mpd E. coli
! SM10,,,
F27  RI1492  CDS-1 DNA I oriR
1.5kb 16S tDNA  pMDI8-T o
pMDR 16S tDNA 1 A
Nhe T AY506539 pDT3 CDS-1
FI Rl A
mpd Nhe | E . coli II. sacB
2 pMDR  Nhe |
100pg/mL Amp  LBM G~
pa el mpd Nhe] Pstl 16SIDNA (o

g Amp
" 16STDNA

pBluseselect [T

PMDR SK(++-) lacZ

16SIDNA

pIB279

BamHI mpd

ort Spel
BamHI ;7"”11 168 rDNA §.\'rl X
Ol L
BamH]I ‘ Sl smal
OriRga SN BiXI Xbal
Xhol Sacl Kpnl

Apal
Xhol
Sall
Call
HindIII
LcoRV
Psil
Smal

oriRpeicr
f1(+)ori
lacZo

16SIDNA
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SacB 16SIDNA

orilgp,

Fig. 1 Construction of the homOJO%)us recombination vectors o ,
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G* DNA P1 P2
G~ 2 P1 mpd
P2 16S rDNA
. oriTps E. coli mpd 16S DNA
SM10,,, tra 1.3kb
V. Amp  Km PCR mpd 16S rDNA
2.2 HindIll pDT3 2kb
CDS-1 Zp mpd
Xho 1 DNA mpd
Xho | 3 mpd
Km Amp  mpd Str CDS-1  16S rDNA 1
Str Km  Amp mpd 1
MP
HRDS b M 1 2 3 4 6 7 8 9 10 11 CK
sacB
mpd
S MP  SIB -
0B =
0.50 —
025 —
CDs-1 sacB 0.10 —
SLB
sacB 2 PCR
HRDS Fig. 2 Homologous recombination events confirmed by PCR method
M marker 1~11 the random selected recombinants CK CDS-1.
HRDS HRDS mpd b pEmmm—
rDNA HRDS
23.1—
9.42—
2.3 PCR 6.56—
Southern
3~ 4d 4.36— T,
MP 1 2
mpd 3.7x 1077 23—
~6.8x 107 HRDS 1.3 0
2.6kb
107° ~107°
3 Southern
1009 Amp Km Fig. 3 Homologous recombination events confirmed by
mpd rDNA 1% Southern hybridization of total DNA of recombinants
~10% CDS-1 DNA 1 2 M marker CK CDS-1 1 CDS-mpd 2 CDS-2mpd.
mpd CDS-mpd 2.4
CDS-2mpd © hEBFRMENHRARTIREHED heeb/3 bBnals. in. ac. cn



889

20 oD 5
MPH MP 36h
4 MPH CDS-2mpd
2000 Bl CDS-mpd [ CDS-2mpd MPH CDS-mpd
3 D) 3| Q X = N
3 N S ERENER N N 2 d 1
2o NN RN NN YN YD "
g N N N N el N N mpd MPH
O EEEEEEEETLE
oo NENERAN RN N A N A &N MPH
:E NN RE AR AR R DLI-
1= R BN H B B EN
§§ § H §§ \ § 5 §§ §§ Sphingomonas sp.
2 4 6 8§ 10 12 14 16 18 20
Generation DLL-1
4 MPH 6 CDS-2mpd DLL-1
Fig. 4 MPH activity of GEMs at different generations 6.22mulpg MPH
2.5 MPH DLL-1
0.5% CDS-mpd CDS-2mpd ~ DLL-1 mpd —
16h 36h  56h »
MPH 2.6 MP
56
3000 CDS-1
2500 | EICDS-mpd CDS-mpd ~ CDS-2mpd 1% 100
3 B CDS-5mpd
E 20| E pg/ml MP  1/31B
=l
% ool OD gy, PNP
3 7 CDS-1
= 1000
g MP PNP
500 | 1/3 LB
ol 4 mpd rm
1 3 4 5 6 8 9
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Fig. 6  Specific activities in cell lysate of Fig. 7 Growth and pesticides degradition of CDS-1 and GEMs

GEMs and DLL-1 in different phases
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