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ABSTRACT

Organophosphorus compounds are widely used, and their presence in different components of the ecosystem has led to
harmful effects on the environment. The use of microorganisms in detoxification of xenobiotic compounds and
measurement of pesticide residues is considered as an environmental-friendly and appropriate method. Organophosphorus
hydrolase (opd), is a phosphotriester hydrolase enzyme which is discovered in some soil microorganisms such as
Flavobacterium sp. and has a wide range of substrates and is able to hydrolyze many organophosphorus compounds. In the
present study, codon optimization was done to express the protein in Escherichia coli. Following omission of the signal
peptide sequence and substitution of serine by methionine as the start codon, this fragment was cloned under the control of
lac promoter in a promoter-probe vector (pTH1705) as a transcriptional fusion and was used for transformation in two
Escherichia coli strains DH5a and XL1-blue. To measure the performance of the transgenic bacteria expressing opd gene
(as in trans), they were cultured in M9 mineral medium containing 10 and 50 mg/L diazinon and appropriate available
carbon and nitrogen sources. Studying the growth curve of V103 strain revealed that bacterial growth in the presence of 50
mg/L diazinon had been affected while this effect in the presence of 10 mg/L diazinon was minor. Results obtained from
high-performance liquid chromatography as a standard method to compare with the performance of obtained transgenic
strain showed that after 24 hours, diazinon concentration (initially 10mg/L ) in the bacterial culture medium of V100, V101,
V102 and V103 strains reached to 6.38, 7.19, 7.09 and 5.74, respectively. These results reflected the successful transfer and
expression of target gene in the bacterium and this genetically engineered bacterium was able to degrade organophosphorus
compounds directly.
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Table 1. Plasmids and strains used in this study

plasmids Reference
pUCIDT-opd*  pUC with pMBL1 origin, Km', This study
pTH1705 pTH1522 derivative with multiple cloning sites inserted at the position of the Xhol site and four Cowie et al.,
reporter genes, Gm' 2006
pVHN1100 pTH1705 with 1157 bp optimized opd inserted into Apal/Xhol restriction sites, Gm' This study
Strains Genotype Reference

E. coli DH5a F~endAl gInV44 thi-1 recAl relAl gyrA96 deoR nupG purB20 ¢80dlacZAM15 A(lacZYA-

argF)u169, hsdR17(rx mg"), A~

Lab collection

E. coli XL1- recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac [F’proAB laclqZAM15 Tn10 (Tet")] Lab collection
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VO DH50. (pTH1705), Gm' This study
V01 XL1-blue (pTH1705), Gm' This study
V100 DH50. (pUCIDT-opd*), Km' This study
V101 XL1-blue (pUCIDT-opd"), Km', Tet' This study
V102 XL1-blue (pVHN1100), Gm', Tet' This study
V103 DHS50. (pVHN1100), Gm' This study

Uolro 51 50 oy Codlad dwlxe (gl 0l oolazul
b oolaiwl 3
o519 eled (U/mg) =
(V++ +x ODgz) / ((Min) yLe; X ODgoo x (Ml)
25Ty Lsba 13 58 L o)

&lo (B1,595log,S 4 31,5 (51 digas (55lwodlel
w559 950 Bile sllae 3 Shee o) Sl
g aiged ;o cu¥l i (6 S ol cadadys
b9y Olsea 55 Y 25 L mle Sl s
S L LI ol gl 28,5 el ot
O3 sl o S Ve L (il s
G 2D S G50 S s 6L 5 A
sy 5 gl Lma 8 swledl oo S5
oBows a4 el Ol xSeslil ln
(Shimadzu, LC9A) YL o, b sl 3l,Sgileg S
e 5l 2858l ailedl zl Sl gl ol &,
Cullington & Walker (g, 51 6xS5L casS
e V45 G oy Al eolinul (1999)
b oobilds! pddee ¥ L 650 cis e
ol bl bl (gg3ar (w59 5 ool
Som dedee 3ly Slldsl 4 pem <S5
Olen @ly)s &5 ety 51 cbgle (nl jondy sl
b JelS jsbay D> ol g o oz sl Sl L]
YV Syog v S el Sl L SeS
Baslandl i ablol Liale;] Wyl 4y Jsilie yod Lo
5 Jele Jgilie jo dlgd Jlax 3 39250 o 5bo

oabaddsi (b 5L 85w o Slos i

Blo ab; Gode wyp g S 5l o
Sl sl iscdl e olls 45 sasloassa
GrSL o Sles e ulp wwddls 1 o,a8
shdn trans & ,goas) opd (5 oS oo Cou Ll
MO Some cuiS lame 5l oulsyone Ulg L
Ok Sl 5o e S ke 00 5 ) clile ol
Cdu 5 658k g o ooliiwl 0 aud 8oV lgica
05 ole W Glp uioren g ol ool ciS QT 49
a5 ooliz IPTG

3 39S YE- Ly o 3T cllad oS o
Pooooy alol b sVl ] el
YEe 4 oSl el V8 conS L 5l s See
POV R NES N SN A
Ve NaHPO; Yeo Jo T NaHPO,-7H0
20,3+ [+1Y0 MgSO, Yae Ls) KCI Yoo Lo
N sl JeblsnlS e —Ly Yse Lo T SDS
—esly B o Ve » Sl
28§ pSolal (famgw Oloreds a9l giSYE
5 Sl belse e (Cowie et al., 2006)
STl o g 0 sl el S5 e 4 361 sles
Na,COs Yoo \ Jolme yidg oo Yoo 0933l L
Jyame iz 5 wd yis | ise 5 w3l 2555
b Sel aglh FY+ zsasl s antadys
il g o5 28 L ol S 4 a3
2l Bgad lgiear o9 a8 S5 plxil o1 0 2Ly



Yoa VYAP e g 5mb oV Lo FA 8,00 o))l (SipalS ils

bl ey =

o.>5l—| Bgad 40 005 S o5l u,..Sg,‘ST Slade

Jlade + diges 40 o S ojlal LaSedl lade

odsadlsl U‘S;JT

5298951
mil e Ol omd Sae Gubl ol
3l eolanl L V103 oy il 50 Y5 008 g ,audeils )|
SDS-) (b 5,989 2SN 51 jolaio (s 09 5989 I
Slac o,5] Caws 4 gl b colaul (PAGE
VO 4 V103 (p il 5l el V8 et ol san 3
5 48385 V0 O 4y §eu8 Tl plodil 51 ey 0l aggs
Joloes 5l eslaiwl b oL yxSL gy Feve xg 90
Fdshee O 50 5 0l ool gdglands w3+ /AL NaCl
ol o w3 Jo HC G5 Yaalee 00 30
e ¥ o obs Lulid o aado Vo Sow 4 Joloro
O D ASsge SSigml gl ples 53 gl
oS el Wb GuilE8 b (SO STl gloel s
BT A 090 (eBsn 9990 oo slaojls
2 9yl plomil 85k 5 (Joloo (GLlGy w090 0
gd» \Fooo Xg )9;))05045.:“41»4 a.?)bf KSL"Q
O Sy oo sl ild 5l oolainl b iy Joloxe
s Sen TE b (S ol Sl (5,Ses
Sl Sen P L VI3 5 VO il 5 a3l 6l
Mo oo VO 3l 2 oo ¥ 51 JS250) aigai 3l
Fdka B FA PH b Syl sk
5 5152 oty 2 Loa VIO SDS 5 ) <yl
Bges g 0D bole (b Jodgegn oy ¢/0)
(20,3 B) caS(Slyn 5 loSal> o odelCwady
ol las g AD bz )8 5 b 09
4 gilwlaz glp ao VYD sasSTas 5 Jsb o
5 J5 stz 5 5,585 20 0L 5l am sl o o5 >
D) O sl Sl = Jgilia Jolmo jo J5 dovaiads
P R-250 gl wlesS (W) o0 ) (gl (F+ 2V -
P b el Sd (5gy el Foglejise
sl b alope wiz (b 0ad S5, 5 am A g
odls gy (AD D V) ol —aul Sl -Jgile

Sr S5y bl law 0pF Dige xS, Bl

C- olfiws ,o oolatwl 0590 g O 32,55 solel
YeVe Cos @) ol g o ysginl S i 56 418
6‘,) oolazwl Sy90 Cﬁ.an.lo g9 (LSQDO/QSA”
VO Symie 5B Cepw g siegl YOF Lo Kl
w}».m.l.w 2\?).) ' L)W Lgl.c») 9 Md )d J'“"JLSL’Q
L) o)lubul gove e, @lp ol el
Lz Wslae 53,51 s 45 053303 (ganl S
g dodiges yo aScdl cdale e dnlxe slp
hal 33l slosl pley po)sT Cews 4 (ppizeen
Fog¥e Yo Ve ) loclale b Jolxe wim
@y ad ol 5 ogks e e e
Ol il B,y oK @ ids S Vel
oley dolie B,k 5l ldaiges jo Sg>ge ESCS]
2 edelcwwst Sy p mhw 5 bk
51 ol ol 5ilas 5 b diges 5 Lol ol Siilass
Cll 5 ab ebul ojuliol sla e 5,5
2 e goae jlade sl eslaiwl b e ks Lasedl
sdalcawods o Uolao 3l oolatul b g aiges o Sy
A Al 8 lastinl s

<o g plel (wyo Sl Gleebl Jga>
(6 xSL cwiS e ) JSU.QT C‘J.?':_L.»l o9
o hYs 4 ATyl ol s PSR RNV
Sl ilie 3525 b 5 w2l slacaS 5 392y wiile
oS edl sailedl ao y0 s wiS e o
&l D4 o0 C‘)Z“"‘ ciS lore 0 09>
Koz sla iy, 5o ol e )l aSesl #l sl
9 Slles pbml 5l Gy &5 d9doe drey
Spdy bl bl sileT lal o Lol slaaiges
Silooalls g glul Jolye den oS ©)g0n
chile o Glages g5) Gl 990 by, b cBoa
209 r:L?u‘ Cenl yasties QT )0 Og>ge UJUS]
b el iinla 0ed @)y dlliws 4 (LS Ll
g ciS lame 4 sabaslol aScsl clale 4 axg
U0y 2l do s 0lKiws lawgs sdelcassay clalé
el Cws 4y 5 dlal, 5l eslaul b 2l Sl

1. Recovery



woyind IOl 5 oS e 358 w5108 50, 05 Ol 5 SiselS 1 Ken 5 ol A

SOl slez 0925 PTHIT05 ,5u5y Sl o
o o ead Jiie 0 Ol oon ly seHn
Seaslawsa lie SO adly Ho wwe D ol el
S 50 o] &t oS cal PTH1522 S5 15,625
Lol o0 03,51 ¥
oanlie dwedby (pl Ad o a5 45 les
s gusA dacZ gfp" Ku)li5 slens oed e
OF 90 Wle dgmg 43Sy (pl o tdimer2(12)
O3 9 (GFP) sew Cuwjold (uiigy 800S0,
Celled a5 a3l plsreay jla sVl BaS s,
sl (1acZ 4 gfp™) el g Seslail LB Slulay ]
gl oo (smg9) Loz S ;o Xhol Sissls Jore
5o KI5 o5 90 Xhol oKl Ko Caons
o] 8AS jo,y a5 05,05 1,8 (tdimer2 (12) 4 gusA)
39 9 Wt 0,8 Ciwyold 1y g jlanss S S5
Wgd o smisisy 18CZ 5 Ofp" ()5 5o Wle e
Ssmdl & Cwglie o5 el 0Dl ()l
bl 530S el (@ACCA) (ppgloliin (S ol)

oYl [0 ailes LB a2 O jsods S8 des S
Xhol oSl sl 51 Sy K518 ()5 (s
Syl 9>

Synthetic constructed OPD

B. diminuta 1QW7

P. diminuta 1HZY

A. tumefaciens AAK85308.1

C. balustinum CAD19996.1
Flavobacterium sp. AAV39527.1
S. fuliginis CAD13181.1

Synthetic constructed OPD

B. diminuta 1QW7

P. diminuta 1THZY

A. tumefaciens AAK85308.1

C. balustinum CAD19996.1
Flavobacterium sp. AAV39527.1
S. fuliginis CAD13181.1

Synthetic constructed OPD

B. diminuta 1QW7

P. diminuta 1HZY

A. tumefaciens AAK85308.1

C. balustinum CAD19996.1
Flavobacterium sp. AAV39527.1
S. fuliginis CAD13181.1

Synthetic constructed OPD

B. diminuta 1QW7

P. diminuta 1HZY

A. tumefaciens AAK85308.1

C. balustinum CAD19996.1
Flavobacterium sp. AAV39527.1
S. fuliginis CAD13181.1

Synthetic constructed OPD

B. diminuta 1QW7

P. diminuta 1HZY

A. tumefaciens AAK85308.1

C. balustinum CAD19996.1
Flavobacterium sp. AAV39527.1
S. fuliginis CAD13181.1

45 b obles J5 Syl Aajps w55 slawil
a8 5 Sl J5 olfiws 5l eolanl b ol Jlizus jgas

e 9 @l
oyind I loeeS 5SSz of Gl ol 5
o sl E 00l (555 5o ol sl casas: (0pd)
a0 g pl Sl 0ad colawl Cua
S S @ gonlyiel JIg b2l e
oolatul b suxie sloaige) jo aliSre o ow,ym o)l
55 85 55 &0 5L SlasisS 0 0pd 5
QI Sledbl ol o 1) o5 ol aselSy
o cal asin VS 0 a8 48 las les S
g b ond s 0f 5l osslowsa Gaisy lien
2l 5l a5 b Sk Gl ladigs 50 eSgn 0l
a3 oo Ll sdelwsds o gt g b o)y
elie s Oy Cons @ JIg lagptisy (nl o5
Sl om Gl cas MIOY) 55 dshad cpl i)l
3555 4 (L ca> YorF) pUCIDT-opd” 55
SS9 ol Jie odds ools s PTH1705

(Y JS&) awel Caws 4, pVHN1100

SETSRPARPTPRQNTER

LS laaisS plu 5l sdslewsds la g b oo jiw 0pd ()5 5l Jeol> cpufig s (65l 5o s ) U
Figure 1. Sequence alignment of OPD from different bacterial species



Y& VYAP e g 5mb oV Lo FA 8,00 o))l (SipalS ils

Nsil
Xhol

Y, 4 Insert (opd gene+lac promoter)
. Kpnl
[ Danor = Apal . 3
!.- Plasmid _=.! Digcst lac Z gfp Nsil
%\ @ucom :

A N

N ' 4

R o aacC4
Km lacZ lacZ Ligate
/ gp Y, 51“13 i
aacC4 S Nsil 9,“ ’

A L = o V4
= xho1 <o |
!"' Recipient Apal oo ; i:'.' pTH 1705 e
[ ] Plasmid y |
\ emmy J Digest

N % V4 ‘\\ ; P 4

Sy, Sy, P

PTH1705 ,5:59 ;o oo jiow 0Pd 5 dadad SodalS Ol Silads poad ¥ JSS
Figure 2. Schematic image of opd subcloning to pTH1705 vector

FRT

lacZ

aacC4
pTH1522

10710 bp

gfp+
stop codons
Xhol

stop codons

tdimer2(12)

gusA
Siials slolSl> Xhol olSl> 10 5 sl ooy s due Dy ) 51 PTHLT05 wo Dy PTHL522 (08 55 dis ¥ S
gfp*--Bgll1-Swal-Kpnl-Sphl-Notl-Sphl-Nsil- : g0 PTH1705 (gl, ailfsss Kisgls slaolls ol o,ls ailfous

(Cowie et al., 2006) s.cee Apal-Pacl-Xhol--gus A

Figure 3. Plasmid pTH1522, with reporter genes shown as divergent operons from the Xhol cloning site. Multiple
restriction enzyme sites inserted in pTH1705 as the pTH1522 derivative, is: gfp*--BgllI-Swal-Kpnl-Sphi-Notl-Sphi-
Nsil-Apal-Pacl-Xhol--gus A (Cowie et al., 2006)

99979 LB caiS lazs )3 ol oo T-b IS Sy g ey b olgee ) 655k w0, obisy

V103 (el iy 2 o8 586 (g3b 095 b Jslow 3lass @28 L 5 sl blie 5o (032) Jokes
pY @l olse 5l (8 e (pl 1) canl axsls e Sk ad) (Goie 08 (owyp Glej blie o
TR o RO RV S DN RGO B S s PRV SRpa 5 (E. coli DH50-pTH1705-opd") V103 :p yiwl
Al $lp el b Blas a5 MO Sass Lo (E. coli DHSa- pTH1705-opd’) VO -yl

Pl S p S ke 00 Chle jpax ol 5L 3 8 Agfles Al gy p vl Gl lgisa



woyind IOl 5 oS e 358 w5108 50, 05 Ol 5 SiselS 1 Ken 5 ol

ails ol 0B, (55, 6 pSoi 56 ) o
a5 aes e sl ol g0 pl al) la s
Sl emlie 30 gl b yo 05 e O il
Ay Saba 1 Ced lgill san >l
3 bl s casl ools 3 L8t cos 1) 62U
Lol 039y Jmaly g 5 Ketiz 3)l8 9529 Cudgase
Voo cdale 4.1.‘>).A U"‘ )‘ OMTWQM C.'Lu )JLu
oyind JT8aLYT Hlyicas (y53bo 5d j )5 oo

—#— V0 strain in M9 minimal medium without OPs
—&— V0 strain in M9 minimal medium containing 10 ppm diazinon
—m— VO strain in M9 minimal medium containing 50 ppm diazinon

A
10
E
c
=)
S
=5
@
g
g 1
o
=
]
]
2
©
=
Q
-
[
|
0.1 T T T T T
0 10 20 30 40 50 60
Time (hours)
—a— V0 strain in LB medium without OPs
—a&— /0 strain in LB medium containing 10 ppm diazinon
—m— V0 strain in LB medium containing 50 ppm diazinon
c
10
£
5
=)
e
e
@ 1
o
<
]
F-]
=
o
]
E-}
©
o
-]
-
L
014
T T T T T
0 10 20 30 40 50 60
Time (hours)

Log absorbanse (600 nm)}

Log absorbance (600 nm)

0.1

0.1

Y&y

Cod s S5 b cow sata gnsbo
w55 ol S eSSk Ve il a5 Ly
0pd 5 sl (il (ol 28y 2 oobj 3l 0 jand
Olseds VO (sl o, (F-d o) ol ailas
4o (E. coli DHSa- pTH1705-0pd’) sals oy sl
Pl she 00 clale jpa> 3 LB (o8 cS Lame
Cool i35 )13 b s oty Gynibs )
W MO Jose bme o a5 Jloys (F-a JS3)
b 3l g 009 5L L o (Ll e sl
S92g il nl 5o e pehjhs BaLS 4 S )
o ka1 B o o il i il

B
[
r
0 10 20 30 40 50 80
Time (hours)
—8— V103 strain in LB medium without OPs
—a&— /103 strain in LB medium containing 10 ppmdiaz
—m— V103 strain in LB medium containing 50 ppm diaz
D
i
0 10 20 30 40 50 60
Time (hours)

—#— V103 strain in M9 minimal medium without OPs
—&— V103 strain in M9 minimal medium containing 10 ppm diazinon
—m— V103 strain in M9 minimal medium containing 50 ppm diazinon

LB coiS Laxe 55,0 V103 (DH50- pTH1705-0pd") 5 VO (DHS50- pTH1705-0pd") s sl 90 0, eie F IS5

Figure 4. Growth curve of VO (DH5a- pTH1705-0opd*) and V103 (DH5a- pTH1705-0pd*) strains in LB (A and B)
and M9 minimal medium (C and D) containing 0, 10 and 50 mg/L diazinon



Y#Y VYAP e g 5mb oV Lo FA 8,00 o))l (SipalS ils

WSS el K53y 55 &S g
35 0 1y mpl ool gpSoslal bl & JSi 0gd o
olis (als (p il oleca) VO ¢ V103 oy ]
! Slled) oy Collad Ll » loges cnl ams o
Sawl pasuiin g Cuwl 00 masy (a9 05 (koo 5o
b od, oo lanl a5 asSlen VO o sl jo oS
Sgiiges oadlie eyl clld ma  gogu>
Lo mpl cdld ol V103 oy sl jo a5 J> o
sty JB b facZ o olo g jlaesYE
lacZ cewsYb slays ole Sbla pl a5 wasVl
Ll 039 18C Jig0gy S Cow  Ken a5

aiolnyl S 55 655t 3 Shae i sl
s S5 leea eusks &S e
sy ol eolaiwl YU oI5 L mle Sl S gileg S
L dolee 5 gemsbs ojlabinl s F
S5 ool builedl cale oo gl odaloamon,
L gle Bk pbise canlin laaizai 3
blenBl (g S0l jo prwg 0,8 YU LIS
Lol 08,5 o o mSesl

ConSeen 55y A ole &5 &S oles

s a5 o)l ufey Syl skz PTHIT05
S o OPD (g n s0iiS5e, suigilS e
03l @lopsSIl pleol Djson Gl o dAC Sigeg
O ol 5l e a8 cwlins lay cpl izl ool
=Son Sl 93 IPTG L 1aC jgagpy Jius cow
5 e Syl Gufsn Sm ol Cessoml
Ol ol wialss lo 5 sl oS-y (et
O3 ol 3l Ol oean 90 ol spSejlul L
@bl Gl 4 eyl by od Jitie
lacZ 5L aS laujeSYBE Lo 0,5l caws 4 )lialsl
Sop oeSen S 0gbe )55, 1AC G9! )
Weo Jolee (G35 b aalagul V- VE Sl ISa
Ol e oo eSS 1) el 55 Sy a5 Sl gilloglss
5 S 4y a1y ey Jslo 50wl
oolitl (g5 o) mlie Slsicas a5 GeSYIS
ol Egkae oS5 WS e oS igdies
Olyees 55 (ONPG) w5955V -5 ~Lim Jidg s
5 555V & a5 055 e bt 5l al (sl s

_I_

Spesific activity of B-galactosidase

VO

V103

V103(DH50- pTH1705-0pd™) 4 VO (DHS5a- pTH1705-0pd") s sl g8 5o 5l 545 Y-y m}fl oS Lo O JSs
Figure 5. Quantitative measurement of f-galactosidase activity in VO and V103 strains

1200000
1000000
800000
]
g
4 500000
200000 e
T
.8
10 20
N

a

y=17575x- 71379

R*=0.9858 .

40 50 60

Diazinon concentration (mg/L)

O5asbe pSedl s lastil o £ S
Figure 6. Calibration curve of diazinon



woyind IOl 5 oS e 358 w5108 50, 05 Ol 5 SiselS 1 Ken 5 ol \fa

A (B)

1.46

© @)

7.67

7.65

G (6 ySh s (aa0) wals i lase (A) 5l oaizlmeinl (oi b sailadl 5,5 5l Jol> slapl Seleg,ST.Y JSo
Lo (C) oygibo yid jo o5 Joo 00 cdale gol> V103 oy yinl ctsS Lases (B) ey ks jid jo 0,5 s 00 clale
cdale ool V103 ¢yl cuiS lagzms (D) eygi3led yid 5o 05 (oo Ve cdale (ool (6 5L s (yg00) ol s
Sl V5l gl id o )5 (e V-
Figure 7. Chromatograms obtained from injection of diazinon residues extracted from (A) control medium (without
bacterial inoculation) containing 50 mg/L of diazinon, (B) V103 medium containing 50 mg/L of diazinon, (C) control

media (without bacterial inoculation) containing 10 mg/L of diazinon, (D) V103 medium containing 10 mg/L of
diazinon, after 24 hours

A

Diazinon concentration (mg/L)

control vo voi V100 V101 V102 V103

Diazinon concentration (mg/L)

(B)

control Vo voi V100 V1ol V102 V103

(B) d 0,8 e B0 g (A) Ve AJgl slacdale (o5 SE £ calizre glay sl lawgs (jaimjbo & 320 Sk A JSCs
ol lo e glas 3o lis Ggliie slacs,> g 285 plowl o 10 B g 0 GOl yge;] 5l soliiul b e il duslie
Figure 8. Diazinon degradation by different strains +SE at 10 (A) and 50 (B) mg/L initial concentrations.
Comparisons were done using Duncan's test at 0.05 level and different letters indicate significant difference

I omls ol ems e ol slezel BB 1, eslizul
Lgad )0 s3bd @ bgpe S ) e Al
L ctS Lass 5l ondgl sl &gei g ot
VA SN Dl Cawd 4 asie eibo clalé
oileSl ol G,y 5l Jels slapl Sgileg S
el 5 (6 7S el (9ay) vald i lass o

wls lid bl wsye s 5l Jol> b

b Sl ogsbe sileoals 5 ilula )
Ghoy ol 5 B Ojg0 e (YL v U oS
gl sl el cnl il 009 canlin (29, S5
G do,s WNT L ply dged 5l eusbe suilendl

Sys0 gy g Cel JgB BB ke a5 wel o



Y#O VYAP e g 5mb oV Lo FA 8,00 o))l (SipalS ils

odlo sLS YO Wil Axl oga )0 w9l oo camlive
sunlie s Wb V103 sy Lges 1o S ke
50 Ak ol ogh sad 0030 VO &igad ;o aS 040 0
Y¥F L oS Cosl OPD iy 4 bgye ails
o)ls 1y ogllaghs” YRIY JsSge ()59 carpalaca
ol &S el sl o ail cpl og cams o
O g Sl 0l (glST laC Sgegy Cod e
Syeon Se TT G5ls 5SL segn ale yigagn
G 5l e Vs Sy 8 S b b 5 558
6,555s 53> 55 (PTHLT05) ssliiul 5,50 ;535
g oo (il YU (6,85 sladsens slass b
Al Aol ogam 0 0gd oo 0yd AT jeblen Ll
V103 (1555 E505 o o5k S5t 5k Vo
35 45 5gd e sanlie YU Sad g zess b sl
2 Sk cpl osdice ens sl VO &gl
lacZ o5 oo 5l Jolo sn 4 borye i
Joo 4 g a8, 13 0pd 5 casopmly jo oS cul

Ded o Gl o
Marker VO V103
100 «— - -4-—
75 -
63 =t i = |
48 —

35 A

25 «—
Ol 59 5l ol (g 8)las 5,589 25018 IS
5 VO (DHS5a- pTH1705-0pd")
V103 (DH50- pTH1705-0pd*)

Figure 9. Gel electrophoresis of extracted protein
from two strains VO (DH5a-pTH1705-opd’) and
V103 (DH50-pTH1705-0pd *)

1. High-copy number

5o odilaBl yaibo el oals ools ylis V103
g b gl celo VSl Gy 6556 et Lo
5 ogsks cdile el Gl SO Gl o
VI0S (il 5,50 8 s Jolo plSyileg s
el mls A IS o aal eals ooy ioles
s oS e o eaileddl aujhs (5T esll
S gileg,S 5l eolatwl b el Y 51 s o il
S las,S ol 9 35 om omlia W IS L cols
3 Ooabo &5 lee saseslis control i
Sly o ol el YF Jsb 4o T sedsyan il
e ol i (63934055 1 00 (sw) p jslateds
& Sl ot (gilabe g8 Ll 5l ensbe
Oyl b 5 onis il ol 5o (65 Jobo g
4525 Gl VO gtw ol alils 0g2g ol o
Sl 0aS Wy 5 A8 a5 DHSar (ps sl Jawgs
5 V103 4 VI00 (gl aali cp el olsieas |,
Ol by w55 Gl VIO Gt (riizren
Glp sals cpxwl lgeas 1) (opd) XL1-blue
sanlive 45 45T los aims o yLis V102 4 V101
logyl jo (S8l &jpw Glie 0 Dol 09 e
Ayl cdale g0 0w Gl ol o g
cble )3 Sl jobar 5 o Sl (ojls
RTINS L SERNNE RPN
B Lasio jsbay yid o o5 ko 00 &5l clile
bz 3l S by ojied oS5 ol 5l see
oad a3 el VY 51 o 0pd (5 (ol (0 ]
O] 90 Jasgl 435 oyl 5ae 0 OS] 3ag L]
a4 of ol el kg wals

sl OPD 553 o ,Shas g 05 ol Sommo L

O 951 32999 I
Goge olo anl Bus Lo o)l a5 4S ke
555895 gy 51 VI03 (py il ;5 OPD (etig
5 bl Gl 5,588 @By jo ol eolarul
5 oselcassay (s Blas j lacnisn dwlie
o5 shhle) V103 5 (opd (5 w8B) VO oy il g0
S0l 5y J5 g U JSE ab aid SIS 4 (Opd
& jeboles g wad oo Glis 1) oh (culesS Lo



woyind IOl 5 oS e 358 w5108 50, 05 Ol 5 SiselS 1 Ken 5 ol \i<d

Gk ol ey s g lus (2006
w3l S ade bog el S ads 5l spSslr
O3 Se 005 Oly Guyb 5l Ssdioe e (2,5
Ay A e AS ol 0gzge 0 2B
o Slos lgi co wod oo gdd> laig
Sszse o1 5o ol 5l Gty 45 05 sl ) g0
obe [(Wong, 2006) <ol aiils ogmg ous;
2 Feko JFl Djsoar Vgiaie g audgils )|
4 Wil oo Escherichia coli gly  sbapiw
e gy ke )3 (@iee glasl Ay
&AL polie yo S n Gyk cul Sl 1 0sd
Chen & ) sgi oo plo ol ol 4 cod
5 oadsle oS 5 OPH (Mulchandani, 1998
Sl wlgi oo w3 0x plandsn o S
5 o yhud slooan ¥l Bdo g osuil adg lp (95
caeriS y bySescan; o oplS iz
T WREITVRE e 30 008 glacoS 5§ i
# ok el ks 4 byskoopd sp)ls
2 sk ol gy b slapedl )l e
ol 3l ool (el egiie slagl i o gla L
3O Gz olaae Jlie glp sl onls a8 5 IS 4y 3
cos opd o5 slp Sle cwlsS S e bl
sge0 4 1y Ol G 5 Lk BB gy JpS
3% (SR B PN RO S U G FESA
Srask Sop; 5Ty (GUS)  jhais,sSolsp
STy 9 zoedob (Sl (RT-PCR) (ugSae (omngis)
sedaysee (2l 5 0pd () Ol (owyn ln Syl
Sladod gl .wio,S oolaiwl ( 34> 65 1o ugdlagS
OPH sauS by (KgaxsS ol was oo oylis bl
o] o) 1, wedlesS sgione ol jiSTas
ks & o oF S, ey obls odg
Wyl 1y iSedl glacuS 5 &y Slly lidgame
B gl o Sl S p e 3b e oSk
L easaz Sal, .51 &es o (Zhao & Zhao, 2009)

‘S'bm.w 6‘)4 L)) 5& L}L"' 6‘); )9,.59 NS) )‘ ool.a.u..:‘

oy Cagileme 0 LSSl g
& gilide (So5d g olend «Sojglon sloan] b
A b o S e e ) o] S5 sl
@b i Gkl S edl l can 008
wile oo ol S 0 0990 JT 0lge b S )3
5 <l Obyz oly SBSh L lea o) 5l s oan
bug mp canm oSV Nebe A%
@ kel b Ly oad opdalie dapenilsly S
Talebi-) Wgd oo I a5 > o)ly 5 e Olge
o% JFb 4 beuS 5 ol ol )lg .(Jahromi, 2008
A e gl o 5 ol aloz 5l Slogzge
28 68b la S 4l ogd e 6 pdbole
9 s )1 3529 05hud I glaceS 5 Coans 3550
Sk 3 alls s wax slaghy, 5 JlHl x5 8w
Slp S Bk il e Lt 5 pasis
o Sl 5 3l 0g)F al Caen 25 5 4525
el L5590 5 (5598 Dty
SES et Sl )y Sl ool
wpd |y Jbaed slacoS y aily o 4 ouls
ol sailadl alS ly ke o, S wnS
aSbalil og wals canjlaze 0 eSS
Sl Ol ) b Yo yaee eg,an855 )
w5 ig DNA (5SS dangi w0)sl cans @
Sl gl AT el loadiSlsanal 0,500,
ol Ole 0B a8 ead cwaige palS)ly S
(Li et al., 2014) 54 anlss coslin il yaiip
GOl B, K00) (pdigee Lol S
slosSlos &5 oS5y efgn S ole lp
w5 55 DNA (65909255 5l aslianl b o ls (o9t
Rowland et .(Wang et al., 2011) &l ooy a5l
il 6 sid ole 5l oVl mlw (1991) al.
d>5 o Streptomyces lividans ;o |, oS g
Ogn (PSS e o 50 MPAB (5 Sissls
@ gl lp Ty e ol s oo ST 8158
il e arg o sanl o MPH oVl ahs
P 6 5 Gileailes (oges Sun
by polie ;o xgn S odsi jshateds (g p
Soogmes Gk D Gean 9 Sles 5 LSl s



Yev VYAP e g 5mb oV Lo FA 8,00 o))l (SipalS ils

bS5l Vs, ads n hagh cnl o
Slr S5 w55y Slpsilly S by
el o0l )5).04
OeSan O @Uly Jel S i slagn
L V103 ¢ il )50 4o leol cnl g a5,ls |, OPH
Sl STl U5 95 5as392500 by 5l oolana]
&9, OPH w_')ﬂ Sl ol gla by ol ol

O3k Sy Yl

B sl arg (bl i colie g
aLols Bglasoe 093 4 Cons jlaie alizio sloasli
i) 5 portm i b (Ken
wile Gyt sy SLSIIRS K0 5 (JeSse
oyt 5 Oseliie b oulidimpl WSy pwaige
o) GBS Ry e Aine))d (ol Dlidios
J& 50 g5 oS g slags xSL S obml 3 OPH
101, 00t lganel gloais 5 jlalotiz 45 el loxi

Lan et al., ) ol ool cwyp alies slo iScdl
9Pl Baa ()5 90wy n cpl o (2006
JuS92,5 o Flavobacterium sp. ;1 (opd) ;¥Ys,a.e
30 Glejer b sl, Culex pipiens 5l (b1) B1 )yl
E. coli BL-21 .yl g 0 y5lS PETDuet 55
o el 00l oolatwl fle b leeas (DE3)
90 Mg @ b pleSh medlly S cnl i
9 Y0 oy J5S50 (359 b n 5 4 BL 5 OPH 51
5 o 1 sla S S dyj sl sills oLS £
@l goanie OPH 50Su s (sladyges 35 ol S
odd 43,5 5 4 o0yhnd glooanYT | ) diha
31 05> sy o (1999) Mulchandani et al. .ol
Soooee b eaSaed oSS Sk
oo 5 eolitl wiskies 5 08 go o 515 s
Awgi lp 1y oy sk CwS S3deSS 9 S5

@l 0 anzeeS 9 LS wole  sla by,

094.0‘50 )ya...o o).é.m.é GLDOMY] S.JJ?U 9 @b)f”'“" J..»SGA )‘9.0.% o)w 6[@;4;5;»
REFERENCES
1. Baumgartner, P., Raemaekers, R. J., Durieux, A., Gatehouse, A., Davies, H. & Taylor, M. (2002).

10.

Large-scale production, purification, and characterisation of recombinant Phaseolus vulgaris
phytohemagglutinin E-form expressed in the methylotrophic yeast Pichia pastoris. Protein
Expression and Purification, 26, 394-405.

Cai, Z., Ma, J., Wang, J., Rong, Y., Chen, J., Li, S., Zhang, W. & Zhao, X. (2016) Aerobic
biodegradation kinetics and pathway of the novel cis-nitromethylene neonicotinoid insecticide
Paichongding in yellow loam and Huangshi soils. Applied Soil Ecology, 98, 150-158.

Chae, M. Y., Postula, J. F. & Raushel, F. M. (1994) Stereospecific enzymatic hydrolysis of
phosphorus—sulfur bonds in chiral organophosphate triesters. Bioorganic and Medicinal Chemistry
Letters, 4, 1473-1478.

Chen, H., He, X., Rong, X., Cai, W. C. P, Liang, W., Li, S. & Huang, Q. (2009) Adsorption and
biodegradation of carbaryl on montmorillonite, kaolinite and goethite. Applied clay science, 46: 102-108.
Chen, W. & Mulchandani, A. (1998). The use of live biocatalysts for pesticide detoxification. Trends
in Biotechnology, 16(2), 71-76.

Chu, X. Y., Wu, N. F., Deng, M. J,, Tian, J., Yao, B., Fan, Y. L. (2006) Expression of organophosphorus
hydrolase OPHC2 in Pichia pastoris: purification and characterization. Protein Expression and
Purification, 49(1), 9-14.

Cowie, A., Cheng, J., Sibley, C. D., Fong, Y., Zaheer, R., Patten, C. L., Morton, R. M., Golding, G.
B. & Finan, T. M. (2006) An integrated approach to functional genomics: construction of a novel
reporter gene fusion library for Sinorhizobium meliloti. Applied and Environmental Microbiology,
72(11), 7156-7167.

Cullington, J. E. & Walker, A. (1999). Rapid biodegradation of diuron and other phenylurea
herbicides by a soil bacterium. Soil Biology and Biochemistry, 31(5), 677-686.

Daneshvar, N., Aber, S., Khani, A. & Rasoulifard, M. H. (2007) Investigation of adsorption kinetics
and isotherms of imidacloprid as a pollutant from aqueous solution by adsorption onto industrial
granular activated carbon. Journal of Food, Agriculture and Environment, 5, 425-429.

Diez, M. C. (2010) Biological aspects involved in the degradation of organic pollutants. Journal of
Plant Nutrition and Soil Science, 10(3), 244-267.

1. Bioremediation



11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

woyind IOl 5 oS e 358 w5108 50, 05 Ol 5 SiselS 1 Ken 5 ol YA

Donarski, W. J., Dumas, D. P., Heitmeyer, D. P., Lewis, V. E. & Raushel, F. M. (1989) Structure—
activity relationships in the hydrolysis of substrates by the phosphotriesterase from Pseudomonas
diminuta. Biochemistry, 28, 4650-4655.

Ekkhunnatham, A., Jongsareejit, B., Yamkunthong, W. & Wichitwechkarn, J. (2012) Purification
and characterization of methyl parathion hydrolase from Burkholderia cepacia capable of degrading
organophosphate insecticides. World Journal of Microbiology and Biotechnology, 28(4), 1739-1746.
Ewida, A. Y. (2014) Biodegradation of alachlor and endosulfan using environmental bacterial
strains. World Applied Sciences Journal, 32, 540-547.

Harper, L. L., Mcdaniel, C. S., Miller, C. E. & Wild, J. R. (2006). Dissimilar plasmids isolated from
Pseudomonas diminuta MG and a Flavobacterium sp. (ATCC27551) contain identical opd genes.
Applied and Environmental Microbiology, 54, 2586-2589.

Hofman, J., Beerendonk, E. F., Flolmer, H. C. & Kruithof, J. C. (1997) Removal of pesticides and
other micro pollutants with cellulose-acetate, polyamide and ultra-low pressure reverse osmosis
membranes. Desalination, 113, 209-214.

Horne, 1., Sutherland, T. D., Harcourt, R. L., Russell, R. J. & Oakeshott, J. G. (2002) Identification
of an opd (organophosphate degradation) gene in an Agrobacterium isolate. Applied and
Environmental Microbiology, 68(7), 3371-3376.

Hsu, T. S. & Bartha, R. (1979) Accelerated mineralization of two organophosphate insecticides in
the rhizosphere. Applied and Environmental Microbiology, 37, 36-41.

Hsu, Y. T., Su, C. Y., Dy, H. C, Jao, S. C., Li, W. S. (2008) Evaluation of organophosphorus chemicals-
degrading enzymes: a comparison of Escherichia coli and human cytosolic aminopeptidase P. Chemistry
and Biodiversity, 5, 1401-11.

Hua, W., Bennett, E. R. & Letcher, R. J. (2006) Ozone treatment and the depletion of detectable
pharmaceuticals and atrazine herbicide in drinking water sourced from the upper Detroit River,
Ontario, Canada. Water Research, 40, 2259-2266.

Jabeen, H., Igbal, S., Anwar, S. (2014) Biodegradation of chlorpyrifos and 3, 5, 6-trichloro-2-pyridinol by
a novel rhizobial strain Mesorhizobium sp. HN3. Water and Environment Journal, 15, 300-306.

Kazemi, M., Tahmasbi, A. M., Valizadeh, R., Naserian, A. A. & Soni, A. (2012) Organophosphate
pesticides: a general review. Agricultural Science Research Journal, 2, 512-522.

Keprasertsup, C., Upatham, E. S., Sukhapanth, N. & Prempree, P. (2001) Degradation of methyl
parathion in an aqueous medium by soil bacteria. Scienceasia, 27, 261-270.

Kolakowski, J. E., DeFrank, J. J., Harvey, S. P., Szafraniec, L. L., Beaudry, W. T, Lai, K. & Wild, J.
R. (1997) Enzymatic hydrolysis of the chemical warfare agent VX and its neurotoxic analogues by
organophosphorus hydrolase. Biocatalysis and Biotransformation, 15, 297-312.

Lai, K. Stolowich, N. J. & Wild, J. R. (1995) Characterization of P-S bond hydrolysis in
organophosphorothioate pesticides by organophosphorus hydrolase. Archives of Biochemistry and
Biophysics, 318, 59-64.

Lan, W. S., Gu, J. D., Zhang, J. L., Shen, B. C., Jiang, H., Mulchandani, A., ... & Qiao, C. L. (2006)
Coexpression of two detoxifying pesticide-degrading enzymes in a genetically engineered
bacterium. International Biodeterioration & Biodegradation, 58(2), 70-76.

Li, Q., Wang, P., Chen, R., Li, W., Wu, Y.J. (2014) Construction of genetically engineered bacteria
that degrades organophosphorus pesticide residues and can be easily detected by the fluorescence.
Environmental Technology, 35(5), 556-561.

Li, Q. & Wu, Y. J. (2014) A safety type genetically engineered bacterium with red fluorescence
which can be used to degrade organophosphorus pesticides. International Journal of Environmental
Science and Technology, 11, 891-898.

Mulbry, W. W., Karns, J. S. (1989) Parathion hydrolase specified by the Flavobacterium opd gene:
relationship between the gene and protein. Journal of bacteriology, 171: 6740-6746.

Mulchandani, A. Rajesh. (2011) Microbial biosensors for organophosphate pesticides. Applied
Biochemistry and Biotechnology, 165, 687-699.

Mulchandani, A., Kaneva, I. & Chen, W. (1999) Detoxification of organophosphate nerve agents by
immobilized Escherichia coli with surface-expressed organophosphorus hydrolase. Biotechnology
and Bioengineering, 63(2), 216-223.

Munnecke, D. M. (1980). Enzymatic detoxification of waste organophosphate pesticides. Journal of
Agricultural and Food Chemistry, 28, 105-111.

Musa, S., Gichuki, J. W., Raburu, P. O. & Aura, C. M. (2011) Risk assessment for organochlorines and
organophosphates pesticide residues in water and sediments from lower Nyando/Sondu-Miriu river within
Lake Victoria Basin, Kenya. Lakes and Reservoirs: Reserarch and Management, 16, 273-280.



YFa

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,
43.

44,

45.
46.

47.

48.

49,

50.

51.

52.

YVAP lias) g 5mb ¥ 8 Less FA 8,90 ()]l (S alS il

Rogers, K. R., Wang, Y., Mulchandani, A., Mulchandani, P. & Chen, W. (1999) Organophosphorus
hydrolase-based fluorescence assay for organophosphate pesticides. Biotechnology Progress, 15,
517-522.

Rowland, S. S., Speedie, M. K. & Pogell, B. M. (1991) Purification and characterization of a
secreted recombinant phosphotriesterase (parathion hydrolase) from Streptomyces lividans. Applied
and Environmental Microbiology, 57(2), 440-444.

Schofield, D. A., Westwater, C., Barth, J. L. & DiNovo, A. A. (2007) Development of a yeast
biosensor—biocatalyst for the detection and biodegradation of the organophosphate paraoxon. Applied
Microbiology and Biotechnology, 76, 1383-1394.

Serdar, C. M., Gibson, D. T., Munnecke, D. M. & Lancaster, J. H. (1982) Plasmid involvement in
parathion hydrolysis by Pseudomonas diminuta. Applied and Environmental Microbiology, 44, 246-249.
Shimazu, M., Mulchandani, A. & Chen, W. (2001) Simultaneous degradation of organophosphorus
pesticides and p-nitrophenol by a genetically engineered Moraxella sp. with surface-expressed
organophosphorus hydrolase. Biotechnology and Bioengineering, 76(4), 318-324.

Singh, B. K. & Walker, A. (2006) Microbial degradation of organophosphorus compounds. FEMS
Microbiology Reviews, 30, 428-471.

Somara, S., Manavathi, B., Tebbe, C. C. & Siddavatam, D. (2002) Over-expression of parathion
hydrolase of Flavobacterium balustinum in E. coli: Purification and characterization of His-tagged
parathion hydrolase. Indian Journal of Biochemistry & Biophysics, 39(2), 82-6.

Stoytcheva M. Enzyme vs. bacterial electrochemical sensors for organophosphorus pesticides
quantification, Universidad Auténoma de Baja California, Instituto de Ingenieria México. Source:
Intelligent and Biosensors, Book edited by: Vernon S. Somerset, pp. 386, January 2010, InTech,
Croatia. Fownloaded from SCI'YO.COM.

Takayama, K., Suye, S. 1., Kuroda, K., Ueda, M., Kitaguchi, T., Tsuchiyama, K., ... & Mulchandani, A.
(2006) Surface display of organophosphorus hydrolase on Saccharomyces cerevisiae. Biotechnology
Progress, 22(4), 939-943.

Talebi-jahromi, Kh. (2008). Pesticides toxicology (2nd ed.) University of Tehran press. 492 pp.
Wang, H., Gong, Y., Xie, W., Xiao, W., Wang, J., Zheng, Y., Hu, J. & Liu, Z. (2011) Identification
and characterization of a novel thermostable gh-57gene from metagenomic fosmid library of the Juan
de Fuca Ridge hydrothermal vent. Applied Biochemistry and Biotechnology, 164, 1323-1338.

Wang, J., Chatrathi, M. P., Mulchandani, A. & Chen, W. (2001) Capillary electrophoresis
microchips for separation and detection of organophosphate nerve agents. Analytical Chemistry, 73,
1804-1808.

Wong, D. (2006) The ABCs of Gene Cloning (2nd Edition). New York, NY: Springer. Springer, 196 pp.
Wu, C. F., Cha, H. J., Rao, G., Valdes, J. J. & Bentley, W. E. (2000) A green fluorescent protein
fusion strategy for monitoring the expression, cellular location, and separation of biologically active
organophosphorus hydrolase. Applied Microbiology and Biotechnology, 54(1), 78-83.

Wu, C. F.,, Valdes, J. J.,, Rao, G. & Bentley, W. E. (2001) Enhancement of organophosphorus
hydrolase yield in Escherichia coli using multiple gene fusions. Biotechnology and
Bioengineering, 75(1), 100-103.

Wu, N. F., Deng, M. J,, Liang, G. Y., Chu, X. Y., Yao, B. & Fan, Y. L. (2004) Cloning and expression of
ophc2, a new organphosphorus hydrolase gene. Chinese Science Bulletin, 49(12), 1245-1249.

Zertal, A., Jacquet, M., Lavedrine, B. & Sehili, T. (2005) Photodegradation of chlorinated pesticides
dispersed on sand. Chemosphere, 58, 1431-1437.

Zhao, J. H. & Zhao, D. G. (2009) Transient expression of organophosphorus hydrolase to enhance
the degrading activity of tomato fruit on coumaphos. Journal of Zhejiang University Science
B, 10(2), 142-146.

Zheng, Y., Long, L., Fan, Y., Gan, J., Fang, J., Jin, W. (2013) A review on the detoxification of
organophosphorus compounds by microorganisms. African Journal of Microbiology Research, 7,
2127-2134.

Zhongli, C., Shunpeng, L., Guoping, F. (2001) Isolation of methyl parathion-degrading strain M6 and
cloning of the methyl parathion hydrolase gene. Applied and Environmental Microbiology, 67(10),
4922-4925.



