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 A highly sensitive detection of organophosphate (OP) compounds was developed. 
Recombinant methyl parathion hydrolase (MPH) capable of hydrolyzing OP to p-nitrophenol
(PNP) was used to develop a biosensor. This recombinant enzyme was purified from 
Escherichia coli harboring mpdB gene cloned into expression plasmid pGEX-4T-2, and 
characterized. The effects of temperature and pH on the enzyme activity and stability were 
analyzed.  Its optimum temperature was 25

o
C.  The enzyme activity was unchanged for 48 h 

at 4
o
C, and remained above 50% within 5 h and about 45% throughout 48 h at 25

o
C.  Its 

optimum pH was 9.0, and the enzyme was stable at pH 6-7, with 80-90% activity remaining 
for 8-15 h.  The effects of metal ions and certain reagents on enzyme activity were also 
investigated.  It was found that Cd

2+
, Co

2+
, and Zn

2+
 ions at the concentration of 1 mM 

enhanced the activity to about 226 %, 131 %, and 128 %, respectively.  Sodium dodecyl 
sulfate (SDS) dramatically reduced the enzyme activity, while dithiothreitol (DTT) and 
ethylenediaminetetraacetate (EDTA) had slight negative effect. After that the MPH was 
immobilized on multi-walled carbon nanotubes (MWNTs) via electrostatic self-assembly, and 
the detection was performed by direct oxidation of biocatalytically liberated PNP using 
amperometry. Under the optimized conditions, the biosensor exhibited responses to methyl 
parathion (MP), parathion, and paraoxon with the linear ranges of 10-90 nM, 20-240 nM, and 
3.3-40 nM, and the detection limits of 10 nM, 20 nM, and 3.3 nM, respectively. The biosensor 
also provided high sensitivities to MP, parathion, and paraoxon at 616 nA/µM, 301 nA/µM, 
and 1547 nA/µM, respectively. Reproducibility assay using repetitive standards (n=15) of  200 
nM showed the RSD of 9.19%, indicating high reproducibility. The response time was 10 s. 
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 1 

1.

 (organophosphorus compound; OP) 

 (paraoxon),  (parathion),  (methyl 

parathion)  (insecticide)  (pesticide) 

 (chemical warfare agent)  

 1 

 1 

 (neurotoxic 

compound)  (acetylcholinesterase; 

AChE)  (hydrolysis) 

(neurotransmitter)  (acetylcholine)  (central nervous 

system; CNS)  (peripheral nervous system; PNS) 

-

 muscarinic receptors, motor nerve ending,  central nervous system 

 (Vale et al., 1998; Abou-Donia et al., 2003; SchÖning et

al., 2003) 



2

 (Konstantinou et al., 2006) 

 organophosphate  (gas) 

 (liquid chromatography) (Serrano et al., 1999; Nakagawa et al.,

2001; Tethgatuk et al., 2001) 

 (biosensor) 

(sensitivity)

-

(Choi et al., 1998; Simon et al., 2006; Du et al., 2007) 

 (carbamate)  (heavy metal) 

Flavobacterium sp., Pseudomonas sp., Plesiomonas sp. strain M6 

Pseudomonas sp. strain WBC-3  (Zhongli et al., 2001; Fu et al., 2004; Liu et al.,

2005)

Burkholderia cepacia (Keprasertsup,

2001) -

 (methyl parathion degradation; mpd) -

 (methyl parathion hydrolase; MPH) ( , 2547; , 2549)
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 (p-nitrophenol)

 (dimethylthiophosphoric acid)  2

 2 

 OP  (Mulchandani et al., 2001) 

-

 (potentiometric transducer) 

 (pH electrode)  (proton) 

 MP  (potentiometric biosensor) 

 3 

 3 

 (optical 

transducer) 

(chromophoric product)  (p-nitrophenol) 

-

 (support material) 

 (optical biosensor)  4 



4

 4 

 : Mulchandani et al., 2001 

 (amperometric transducer) 

 (oxidation/reduction) 

 (amperometric biosensor)  5 

 5 

 : Mulchandani et al., 2001 
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2.

 2.1  

E. coli BL21

 2.2  

 2.3  

 2.4  

3.

 3.1  

E. coli BL21

 3.2  

 3.3  -

 3.4  -
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 2 

1.  (Organophosphate Insecticides) 

 (organochlorine insecticides) 

 ( , 2527; Perry et al.,1998)

 1.1  

 (general structure) 

 6

 1.2   

 1.2.1  

(pentavalent phosphorus) 

 1.2.2 R
1

 R
2

 (alkoxy),  (alkyl), 

(amino)

 1.2.3  (acyl) 

 (fluorine),  (cyanate),  (thiocyanate) 

 (enol),  (mercapto) 



7

 1.3  

 2 

 1.3.1  (dimethoxy) 

 (derivative) 

 7(A) 

(malathion),  (trichlorfon),  (monochlophos), 

(carbophenothion),  (coumaphos),  (crufomate),  (dichlorvos), 

 (fenthion),  (mevinphos),  (runnel) 

(phosphamidon)

 (dimethoate),  (dicrotophos),  (dicylphoton)

 1.3.2  (diethoxy) 

 7(B) 

 (demeton), 

(diazinon),  (phorate)  (TEPP) 

 7

(A)  (dimethoxy) 

(B)  (diethoxy) 

(A)

(B)
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 1.4  

 100  LD50  1 

 1 

 : , 2527

 50  (mg/kg) 

Ia

Ib

II

III

<5

5-50

50-500

>500

<20

20-200

200-2,000

>2,000

<10

10-100

100-1,000

>1,000

<40

40-400

400-4,000

>4,000

-

- ,

- , ,

- , ,

-  605, ,

- ,

- ,  3, 

- , ,

- , ,

- , ,

- , ,

-

- , ,

- , ,
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- , ,

- , , -

- , ,

-

- ,

- - ,  21/199 

- , ,

- , ,

- , ,

- , ,

-

-

- , -85

- ,

-

-

-

( , 2527) 

1.5

 (conjugates) 

 (peptides) 

 (esterase) 
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 1.5.1  (thiono)  (oxo)

(phosphorothionates)  (phosphate) 

 (microsome)  NADPH2  8 

 8

 ( )

 : , 2531

 1.5.2   (oxidative dealkylation) 

 (dimethoate)  (phosphamidon)  9 

 (dicrotophos),  (OMPA)  (azodrin
®
)

 9 

 : , 2531
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 1.5.3   (oxidation of thioethers) 

 (sulfoxides)  (sulfones) 

 (phorate)  10 

 10

 : , 2531

 1.5.4   (reduction)

 (parathion) 

 11

 11

 : , 2531
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 1.5.5  (hydrolysis) 

 (phosphatase) 

 (paraoxonase) 

-

(serine-alcohol group)  (cholinesterase) 

 (site of action) 

 1.5.6  (conjugation) 

1.6

 (central  nervous  system)  (peripheral nervous system) 

 (integration) 

 (somatic system) 

 (autonomic nervous system) 

 (involuntary)  (sympathetic 

nervous system)  (parasympathetic nervous system) 

 (ganglia) 

 (synaptic gaps) 

 (preganglionic axon) 

 (postganglionic axon)  (adrenaline) 

 (noradenaline) 

 (  (adrenals) )
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 (acetylcholinesterase  AChE) 

 12

 (reversible 

complex)  (phosphorylated)  (leaving group) 

 (Perry et al., 1998) 

 12 

 : Perry et al., 1998
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1.7

1.7.1  (muscarinic signs and symptoms) 

 (muscarinic receptors) 

1.7.2  (nicotinic signs and symptoms) 

1.7.3

 (respiratory failure) 

 2-3  ( , 2531) 

1.8

 320 

 70  128 

 10 

. . 2530  2
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 2 . . 2530  10 

 : , 2533

Type of Insecticide   Quantity (kg)                 Value (Bath) 

 1. Methyl parathion                1 538 599      83 927 568 

 2. Monocrotophos                              951 043                                     96 042 709 

 3. Methamidophos                              417 452                                    45 273 444 

 4. Dimethoate                                     415 650                                     34 131 532 

 5. Methomyl                                       358 296                                    130 693 483 

 6. Malathion                                       309 354                                      17 965 900 

 7. Carbaryl                                          242 150                                      25 006 268 

 8. Mevinphos                                      240 691                                      18 803 315 

 9. Carbofuran                                      204 661                                      71 077 271 

10. Ethyl parathion                               174 038                                     34 131 532 

      Other (58 types)                           1 821 361                                   207 920 359

       Total                                            6 673 295                                  764 937 381

1.8.1

1.8.1.1  (chemical decomposition) 

1.8.1.2  (photodegradation) 
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1.8.1.3  (microbial degradation) 

1.8.1.4  (volatilization) 

1.8.1.5  (movement into water) 

1.8.1.6  (plant or organism uptake) 

 3 

 3  ppm (mg/kg) 

. . 2530-2531 

 : , 2533

Organophosphate

pesticide

No. of positive 

sample

% of positive 

sample

Concentration (ppm) 

Range Average 

Dimethoate

Diazinon

Methyl parathion 

Malathion

Parathion

31

49

59

10

26

10.26

63.64

76.62

12.99

33.77

tr – 0.051 

tr – 0.054 

tr – 0.475 

tr – 0.009 

tr – 0.018 

0.016

0.010

0.023

0.004

0.005

Total 77 samples; tr = trace (less than 0.001 ppm) 

 1.8.2 

1.8.2.1

1.8.2.2

1.8.2.3

1.8.2.4

1.8.2.5
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. . 2530-2531  149 

 3 

 0.68 ppb  4

 71  5 

, , ,

 4

 ppb ( g/l) . . 2530-2531 

 : , 2533

Organophosphate

pesticide

No. of positive 

sample

% of positive 

sample

ppb ( g/l)

Range Average 

Dimethoate

Diazinon

Methyl parathion 

Matathion

Parathion

1

4

5

0

0

0.67

2.68

3.36

0

0

tr-0.06 

tr-0.28 

tr-068

ND

ND

0.06

0.15

ND

ND

ND

Total 149 samples  ND = Non detectable tr = trace (less than 0.01 ppb) 

1.8.3

1.8.4

1.8.4.1

 3 
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1.8.4.2

 (bluegill, Lepomis macrochirus)

10 ppm 

1.8.5

 2 

 ( , 2531;         

, 2533) 

2.  (Methyl Parathion) 

2.1  (Identification  and  Properties) 

 (organophosphate) 

 (chemical name) o,o-dimethyl-o-(4-nitrophenyl) ester 

o,o-dimethyl-o-p-nitrophenyl phosphorothiate  phosphorothioic acid o,o-dimethyl-o-4-

nitrophenyl phosphorothiate (IUPAC systematic name)  (synonyms) 

 alenthione, Bayer E-601, carthion M, demethylfenitrothion dimethyl parathiofolidol-M, 

malatyr, demethylfenitrothion dimethyl parathion, folidol-M, metacid, methaphos, methylfolidol, 

nitrox, vofatox   (trade name)  A-Gro, Folidol M, Metacide, Methyl-E 605, 

Metron, M-Parathion, Nitrox, Paratox, Paridol, Vofatox, Wofatox 

 C8H10O5NSP

 13 
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 13 

(molecular weight) 263.22  (melting point)  35-36 

 (boiling point)  160  1 

 (stability) 

 (hydrolyze)  100       

 ( , 2533) 

2.2  (Production Processes and Uses) 

 dimethyl 

chlorothiophos-phate p-nitrophenol  hydrogen chloride  sodium 

p-nitrophenolate  (emulsifier) 

 ammonium naphthenate  amines 

(sucking and biting)  (cotton bollweevil) 

 ( , 2541) 

2.2  (Metabolism and  

Excretion)

 1-2 

 (methylparaoxon) 

 (metabolism and 



20

detoxification)

 oxidation, hydrolysis  demethylation  dealkylation  (reduce) 

glutathione (GSH) o-methyl-o-p-nitrophenyl phosphorothioate  dimethyl 

phosphorothioic  14 

 60  4 

24

 14

 : , 2533 

2.3  (Mammalian Toxicity) 

 0.4-11 

 cholinesterase 

2.3.1  3 
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2.3.2.1  M-cholinergic receptor 

2.3.2.2  N-cholinergic receptor 

 motor end plate 

2.3.2.3

 central M-cholinergic 

2.3.2

 3 

2.3.2.1

(cholinesterase)  50  

2.3.2.2

 (
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)

 37.2-38.8 

 10-20 

2.3.2.3

 40 

 39         

2.4  (Environmental Fate Tests) 

2.4.1  (Biodegradation and 

Biotransformation)

 pathway 

(hydrolysis)  (reduction)  15 

 nitrophenyl      

(C-O-P)  (p-nitrophenol)

(dimethyl thiophosphoric acid)  (metabolism) 

 (nitrite)  (hydroquinone) 

 (p-nitrocatechol)

 (nitro group) 

 (aminomethyl-parathion) 

 (p-aminophenol)

 (metabolite) 

 (Keprasertsup, 1995) 
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 15 proposed pathways 

: Keprasertsup, 1995

2.4.2  (Photodegradation) 

 8 

2.4.3  (Hydrolysis) 

 50  20 

 175  1-5  40 50

5  4  12  70 
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12  6-7  9  70 

 6.9  1.5 

 (alkali) 

 4.3  (half-life) 

70  6.0  (1:4) 

 8.4 

 Douglas M. Munnecke (1980) 

 27-80 

2.4.4  (Evaporation) 

 4  7-14  1 

2.4.5  (Oxidation) 

 (active) 

(mixed-function oxidases: MFO) 

 (microsome)  NADPH  (O2)

 16 
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 16  (activation)  active metabolite 

 acetylcholinesterase 

: , 2533 

2.5  (Environmental  Exposure) 

 70  9 
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 5 

 5 

 :  Chaudhry, 1994 

Compound Microorganism 

parathion
Bacillus

Arthrobacter

Flavobacterium sp. ATCC 27551 

Pseudomonas sp. ATCC 29353 

Pseudomonas spp. 

Pseudomonas sp. 

Pseudomonas strain CTP-01 

Pseudomonas diminuta MG 

Pseudomonas sp. 

Strain SC 

Methyl parathion 
Pseudomonas sp.

Pseudomonas sp. isolate 50541 

Flavobacterium sp. ATCC 27551 

Plesiomonas sp. M6 

Burkholderia cepacia 

Aufwuchs

p-Nitrophenol
Flavobacterium sp.

Pseudomonas spp. PNP-1, 2, and 3 

Pseudomonas sp. isolate 50445 

Moraxella sp. 

Pseudomonas strain 24 
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Diazinon
Flavobacterium sp. ATCC 27551

Pseudomonas sp. ATCC 29353 

Pseudomonas spp. 

Pseudomonas sp. 

Arthrobacter sp. SB3 and SB4 

Isofenphos
Arthrobacter sp.

Pseudomonas sp. 

Fenetrothion
Flavobacterium sp. ATCC 27551

Dichlorovos
Pseudomonas aeruginosa sp.

Pseudomonas sp. 

Coumaphos
Isolates B-1, B-2, and B-3 

Mathidathion
Bacillus coagulans 

2.6  (Effects on Organisms in the  

Environment)

. . 2536 

 3  1,117 

 70 

( , 2537)

 LC50

(lethal concentration  50 )

 1-40  LC50  12-25 
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 LC50  6-25 

 LD50 (lethal dose 

 50 )

 3-8 

 75  6  7 

 12.8 

 (  0.2 ppm)  1.4 

( , 2538) 

 6

 : , 2538

Commodity No. of samples 

analysed

Samples found 

No. (%) 

Grape 156 139 89.1 

Tangerine 70 51 72.8 

Brassica 15 5 33.3 

Cabbage 123 51 41.5 

Cauliflower 12 4 33.3 

Corn, baby 26 5 19.2 

Cowpea 30 8 26.7 

Cucumber 20 8 40 

Ipomoea (morning glory) 16 5 31.2 

Kale 76 40 52.6 

Mushroom 21 3 14.3 

Tomato 26 6 23.1 
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 7 

 : , 2538

Commodity

(No. of samples analyzed) 

Pesticide Range of 

residue (ppm) 

Total

found

Total

violations

Codex MRL 

(ppm)

Grape (156) captan <0.01-1.91 47   

dimethoate 0.01-0.07 26   

methomyl 0.01-1.07 29   

monocrotophos 0.02-1.58 117 40 0.2 

Tangerine (70) dimethoate 0.01-1.31 33   

malathion 0.03-1.07 10  4 

monocrotophos 0.01-1.72  7 0.2 

parathion-methyl 0.01-0.99 9 1 0.2 

 (Munnecke et al., 1974) 

3.  Burkholderia cepacia

(Keprasertsup et al., 2001) 

Burkholderia cepacia
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(aerobic bacteria)  (oxidase-positive and 

catalase-positive)

 (26±2 )

 (basal mineral medium, BMM) 

 50 

 12-18 

 membrane bound 

 ( , 2543) 

4.

 (microbial degradation) 

. . 1973 Bacillus sp. Pseudomonas sp. 

 2 

Bacillus sp. 

Pseudomonas sp. 

(Siddaramappa et al., 1973) 



31

. .  1 9 7 4  

 (Munnecke et al., 1974)

. . 1977  2 

Pseudomonas stutzeri

 (extracellular enzyme) Pseudomonas aeruginosa

 (Daughton and Hsieh, 1977) 

. . 1982 

Pseudomonas diminuta  (parathion hydrolase) 

 pCS1 (Serdar et al., 1982)

. . 1986 

 (organophosphate-degrading gene; 

opd)  (organophosphate hydrolase; OPH) 

Flavobacterium sp. ATCC 27551  43 kb 

 (homology) Pseudomonas

diminuta  66 kb (Mulbry et al., 1986) 

 2 

 (Harper et  al., 1988)

. . 1987 

Pseudomonas diminuta Flavobacterium sp. 

 restriction maps  2 

Pseudomonas diminuta  pPDL2  39 Flavobacterium sp.              

 pCMS1  70  2 

upstream  2.6  downstream 1.7 

 (Mulbry et al., 1987)
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. . 1988 Pseudomonas sp. 

Pseudomonas sp.

Pseudomonas diminuta Flavobacterium sp.  (Chaudhry et al., 1988) 

. . 1989  (characterization) 

Flavobacterium sp.  3  ATCC 27551, 

B1  SC  3 

 ATCC 27551  (probe) 

 3 

(Mulbry and Karns, 1989)

. . 1991  pathway 

Moraxella sp. 

 (hydroquinone) p-nitrophenol oxidizing enzyme 

membrane bound (Spain and Gibson, 1991)

. . 1993 

 (carbamate) 

carbamyl hydrolase  (esterase) 

Blastobactor sp. M501 

 (carbaryl) Arthobacter sp. RC100              

 2  pRC1  pRC2 (Hayatsu et al., 1993) 

. . 1996 opaA

Aeromonas sp. JD6.5 

opaA -

Pseudomonas diminuta MG Flavobacterium sp. ATCC 27551  

 (Cheng et  al., 1996)
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. . 1998 phnE glpT

 (transport)  (diisopropyl fluorophosphate) 

Eschericia coli K-12  2 Eschericia coli K-12

 (Elashvili et al., 1998) phn

Burkholderia sp. RP007  polycyclic aromatic hydrocarbon (PAH) 

 PAH  (Laurie and Jones, 1999) 

. . 1999 Pseudomonas 

sp. A3 Pseudomonas sp. A3 , ,

monocrotophos  diazinon Pseudomonas sp. A3 

 (Ramanathan and Lalithakumari, 1999) 

. . 2000 Burkholderia cepacia sp. NF100 

 (fenitrothion) 

 2   pNF1  pNF2            

(Hayatsu et al., 2000)

. . 2001 Plesiomonas sp. M6 

 shotgun cloning 

(methyl parathion degradation; mpd) 

 (Zhongli et al., 2001)

Burkholderia cepacia

Burkholderia cepacia

 4-8 

 0-3.5 

(Keprasertsup et al., 2001) 
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. . 2002  (opdA) 

Agrobacterium radiobactor P230 

Brevundimonas

diminuta MG (Pseudomonas diminuta MG) Flavobacterium sp. ATCC 27551 

 (OpdA) -

(Horne et al., 2002) 

. . 2002 

Pseudomonas sp.WBC-3 

 800 

 2000 

 0.1 

 (aromatic) (Chen Y et al., 2002) 

. . 2002  DNA shuffling 

 DNA shuffling E. coli XL1-Blue 

 25  (Cui et al., 2002) 

. . 2003  pPDL2 Flovobacterium

sp.  pCMS1 Pseudomonas diminuta

5.1

 pPDL2 ISFlsp1 Tn-3  open reading frame (orf243) 

 27 

(Siddavattam et al., 2003) 
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. . 2004 

 (polemerase chain reaction; 

PCR) E. coli  (hexa-His C-

terminal fusion protein)  metal-affinity column chromatography 

 (zymogram) 

 (active form)  precursor protein 

 signal peptide  N-terminal 

 (Guoping et al., 2004) 

. .  2005 

E. coli  P43 

 signal peptide nprB Bacillus subtilis

 (Xiao-Zhou Zhang et 

al., 2004) 

. . 2544 Burkholderia cepacia 

 (Keprasertsup et al., 2001) 

 35 

 N-terminus  40 

( , 2544)

. . 2547 

Burkholderia cepacia 

 996 

 331 -

 (mpd gene)

Plesiomonas sp. M6  99  98 

organophosphate pesticide hydrolase



36

Ochrobactrum sp. Mp-3  99  99 

Flavobacterium sp. ATCC 27551  2  10 

-

 ( , 2547)       

5.

 biological assay 

 ELISA 

 (biosensors) 

 (real time) 

 on-line 

 ( , 2535) 
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5.1

(biological substances) 

 (transducer) 

 17 

( , 2535) 

 17 

 : , 2535 

 17  2 

 detector  probe 

 read out  18 
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 Thermistor 

 18 

 : , 2535 

5.2

 (biologically sensitive element) 

 (indicated signal) 

 19 

 19 

 : , 2535 
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5.2.1  (Enzyme Biosensor) 

1  (glucose oxidase) 

 (cholesterol oxidase) 

 (oxalate oxidase)  oxalic acid 

 penicillinase 

 1 

 mutarotase  invertase  glutamate 

dehydrogenase  alanine aminotransferase 

penicillinase  (cross-linking) 

(glutaraldehyde)  supporting material 

(membrane) 

    5.2.2   (Microbial Biosensor) 

E. coli  tetracycline hydrochloride, streptomycin  neomycin 

Hansenula fanomala Trichosporon cutaneum

(cofactor) 
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 yellow squash 

(  glutamate decarboxylase  squash)  bovine liver  urease           

 arginine 

5.2.3  (Bioaffinity Sensors) 

 (antibody-based biosensors) 

(receptor-based biosensors)  bioaffinity sensors  enzyme 

electrode-based biosensors  enzyme biosensor 

 bioaffinity sensors 

 ligands (  analyte) 

 ligand 

 ligand 

 acetycholine receptor  acetylcholine (ligand) 

( , 2535) 

5.3

 (analyte) 

5.3.1  (Potentiometric Biosensor) 

 (Ion selection electrode; ISE) 
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 (glass membrane) 

 (H
+
)

 (Nernst) 

 Na
+
, K

+
, Ca

2+
,

Li
+
, NH

+
 (anion) 

 (gas selection 

electrode; GSE) 

 dehydrogenase, decarboxylase 

 glutamate decarboxylase  CO2 gas sensor (  CO2)  glutamate 

decarboxylase  NH3 gas sensor (  NH3 )

 5.3.2   (Amperometric Biosensor) 

-

 2 

 (mediator) 

 20 
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 20 

 : , 2535 

 (flavor-enzyme) -

 (glucose 

oxidase, GOD) 

 (reoxidation) 

 +700 

 (saturated calomel electrode) 

 ( )

 ( )  21
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 21 

 : , 2535 

 (organometallic) 

 (benzoquinone)                        

 (polyviologen)  (chloranil)  (methylene bule) 

 (ferrocene derivertives) 

 (graphite)  (organic salt) 
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 (sensitivity) 

 oxidase 

 lactate oxidase  galactose oxidase 

lactate  galactose  hypoxanthine 

sensor  xanthine oxidase  hypoxanthine 

 oxidase  dehydrogenase 

 NAD (H
+
)  lactate dehydrogenase, 

glutamate dehydrogenase, alcohol dehydrogenase  malate dehydrogenase 

5.3.3  (Optical Biosensor) 

 (optics) 

(optoelectronics)

 (absorption)  (transmission)  (reflection) 

 (fluorescence) 

 pH sensitive dye 

 (optic fiber) 

(detector)  pH sensitive dye 

 450 

 380 

 50  200 

 ATP  ATP sensor  luciferase 
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 photodetection 

 lipid bilayer  cytoplasmic membrance E. coli

 H
+
 : lactose cotranspoter lactose permease  

lactose/H
+

 cell membrane 

 pH sensitive dye  pyranine 

 100  100 

 dehydrogenase  NAD (P
+
)

 NAD(P)H  NAD(P)H  fluorescence 

 460 

5.3.4  (Piezoelectric Crystal Biosensor) 

 piezoelectricity 

 electric dipoles 

 dipole moment  (oscillate) 

 frequency counter  piezoelectricity 

 (tourmaline)  (rochella salt) 

 (

)

-

-

-  ppb

-

acetylcholinestersae

 acetylchorine 

 phopharyl 
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 acetylcholine 

 40-60  5-10 

 18 

5.3.5

 (thermistor) 

 (enzyme thermistor) 

(microbe thermistor) 

 urease 

 (NH
+
, HCO

-
)

 (conductimeter) 

( , 2535)

 5.4  

 100 

 amines 
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5.4.1

 (in vivo measurement)   

 real time 

(chip)

( )

5.4.2
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 (  12 )

 1-2  (  48 

)

 100 

 (

5000  8-24 )

5.4.3

 (on-line) /

(activated sludge) 

/

 (nitrous oxide) 

-

( , 2554) 

6.

. .  1998 

 (fiber optic biosensor) 

 viologen langmuir-biodgett (LB) film  (electrostatic force) 
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 (detection limit)  0-20 

 5  (Choi et al., 1998) 

screen-printed carbon electrode  nafion 

90  70 

 20-50  

 (sensitivity) 

 1.67  2.83 

 12  %RSD 

 1.9  (Mulchandani et al., 1999) 

 (cross-linking)  bovine 

serum albumin (BSA) 

 (proton) 

 2 

 1  95  (Mulchandani et al., 1999) 

. . 2001 

 (neurotoxin) , diisopropyl 

fluorophosphate (DFP)  (carbaryl) 

 3 

 (reversible inhibitor) 
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 ( ; competitive 

inhibitor)

 (irreversible inhibitor) 

 (silica gel) 

 DFP  10
-9

 10
-5

5 x 10
-8

 1 x 10
-5

5 x 10
-5

 DFP  10
-5

(Simonian et al., 2001) 

. . 2002 

 sceen-printed 

electrode -

 (acetylthiocholine chloride) 

 1  (  3.6 )

 %RSD  7  (Schulze et al., 2002) 

 flow injection -

 (gold electrode)  (cross-linking) 

 cystamine 

 flow injection 

1-10  2.29  1.04 

 1  20  %RSD  3.6  (Wang et al., 2003) 

 flow injection                      
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-

 (gold electrode)  cystamine 

 (silicon dioxide layer) 

 (pH transducer) 

 0.1  2 

 (simultaneous) 

 (dichlorvos)  (diazinon)  2 

 100  20  %RSD  1.6 

 %RSD  3.8  8 

 2 

 1  (Schoning et al., 2003) 

. .  2005 

 flow injection 

 (carbon nanotube; CNT) 

 (glassy carbon electrode; GC)  nafion -

 (surface fouling)       

 150  800       
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 25  6  (Deo et al., 2005) 

 (gold nanoparticle) 

 (disulfide bond)  (sulfhydryl groups) 

(cysteine residues) 

 (lysine residues) 

 (maleimide) 

 fluorophore decoy 

fluorophore decoy  fluorophore decoy 

 (

; competitive inhibitor) 

fluorophore decoy  fluorescence resonance energy transfer (FRET) 

 (donor)  fluorophore decoy 

(acceptor)  fluorophore decoy 

 fluorophore decoy 

 fluorophore decoy  fluorophore decoy 

 fluorophore decoy  fluorophore decoy 

-

5  (Simonian et al., 2005) 

. . 2006 

-

 (fluorescene)  carboxy naphthofluorescein (CNF) 

 (biotin)  OPH-CNF-biotin conjugate  avidin 

 polystyrene waveguide  reference waveguide  BSA 
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CNF  (pH-sensitive fluorophore) 

 598  668 

 diisopropyl phosphorofluoridate (DFP) 

 1  2  (Viveros et al.,

2005)

. .  2008 

 (crude enzyme)  (crystal enzyme) 

 (carbon nanotubes; CNTs)  BSA 

 314  500 

 25.95  17.29 

 (Laothanachareon et al., 2008) 

. .  2009 

 mesoporous carbon (MC)  carbon 

black (CB) 

-

MC  CB 

 nafion 

 120  198                 

 10  (Lee et al., 2009) 

. .  2010 

 flow injection 

 (single wall carbon 

nanotube; SWNTs)  (multiwall carbon nanotubes; MWNTs) 

 2 

 (glassy carbon electrode; GC)  nafion -
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 10  6.4            

 18  %RSD 

3.2  7  75 

 (Pedrosa et al., 2010) 
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 3 

1.

Burkholderia cepacia

 (isolate) 

 (Keprasertsup et al., 2001) 

 (host cells) 

 8 

 8 

Bacteria Genotype Source 

Escherichia coli DH5 F
-
lend A1 hsd R17 (r

-

km
+

k) supE44 thi-1

recA1 gyr A (Nal
r
) relA1 (lacIZYA-argF ) 

U169deoR ( 80dlac (lacZ)M15)

Ausubel, 1997 

Escherichia coli BL21 F
–

ompT gal dcm lon hsdSB(rB

-
 mB

-
) (DE3

[lacI lacUV5-T7 gene 1 ind1 sam7 nin5])

Invitrogen,

USA

Escherichia coli One Shot
®

TOP10 Chemically 

Competent

F
-
mcrA (mrr-hsdRMS-mcr BC)

80lacZ M15 lacX74recA1 araD139

(ara-leu)7697 galU galK endA1 nupG

Invitrogen,

USA
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2.  (vectors) 

2.1  pCR
®
-Blunt (Invitrogen, USA) 

 (blunt end)  proofreading 

DNA polymerase (Platinum Pfx DNA polymerase) pCR
®
-Blunt

 (kanamycin resistance gene)  lacZ -ccdB  positive selective gene 

EcoRI

EcoRI

 22

2.2  pGEX-4T-2 (Amersham Biosciences, UK)  multiple 

cloning sites  glutathione-S-transferase  fusion protein 

 (promoter) 

 tac promoter  lac operator, ribosome 

binding site, start codon (ATG)  (thrombin) 

 glutathione-S-transferase  multiple cloning sites 

 fusion protein 

 pGEX-4T-2  beta-lactamase 

 (ampicillin) lacl
q

E.coli  fusion protein  affinity matrix 

 antigenicity  functional activity 

 23 

2.3  pGEX-6P-1 (Amersham Biosciences, UK) 

 pGEX-4T-2  glutathione-

S-transferase  multiple cloning sites  pGEX-6P-1 

 PreScission Protease  24 
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 22  pCR -Blunt  multiple cloning sites 

: Invitrogen, USA 
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 23  pGEX-4T-2  multiple cloning sites 

: Amersham Biosciences, UK



59

24  pGEX-6P-1  multiple cloning sites 

: Amersham Biosciences, UK
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3.

 9 

 9 

1 Exp1 CGG GAT CCA TGC CCC TGA AGA ACC 

Exp2 CGC TCG  AGT CAC TTG GGG TTG ACG AC 

4.  (standard DNA marker) 

4.1  DNA ladder  1  (Biolabs, USA) 

4.2  DNA ladder  1  (Fermentas, USA) 

5.  (standard protein marker) 

5.1 PRO-STAIN (II) Prestained Protein Marker (Intron Biotechnology, Korea) 

5.2 Kalaidoscope Marker (BIO-RAD, USA) 

5.3 Perfect Protein Ladder (Vivantis, USA) 

5.4 BenchMark Protein Ladder (Invitrogen, USA) 

6.  (enzymes) 

6.1  Rnase A (Amresco, USA) 

6.2  T4 DNA ligase (Invitrogen, USA) 

6.3  Taq DNA polymerase (Promega, USA) 

6.4  Platinum Pfx DNA polymerase (Invitrogen, USA) 

6.5 BamHI, EcoRI, HindIII, PstI, XhoI

(GibcoBRL, USA) 

6.6  (Amersham Biosciences, UK) 
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7.

7.1  QIAquick Gel Extraction kit (Qiagen, Germany) 

7.2  QIAGEN PCR Cloning kit (Qiagen, 

Germany)

7.3  Zero Blunt PCR Cloning kit (Invitrogen, 

USA)

7.4  HisTrap FF (Amersham Biosciences, UK) 

7.5  GSTPrep FF 16/10 (Amersham Biosciences, UK) 

7.6  Bio-RAD Bradford Protein Assay (BIO-RAD; USA) 

8.

8.1  glassy carbon electrode (BAS; Japan)  6 

 3 

8.2  Pt electrode  3 mm diameter (home made) 

8.3  Ag/AgCl electrode (BAS; Japan)  40 

 4.5 

 25 glassy carbon electrode ( )  Ag/AgCl electrode ( )

: BAS, Japan 
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9.

    9.1 acetic acid                                                                     Lab Scan 

 9.2  acrylamide                                                                    Fluka 

 9.3  agar Merck

 9.4  agarose Gibco BRL 

 9.5  aluminium oxide                                                         BDH 

 9.6  ammonium persulfate                                                   Fluka 

 9.7  ampicillin Fluka 

 9.8  bacto tryptone Fluka 

    9.9  bacto yeast extract Scharlau Chemie

 9.10   bromophenol blue Scharlau Chemie 

 9.11 5-bromo-4-chloro-3-indolyl- -D-galactopyranoside  Promega

 9.12 bovine serum albumin PAA 

 9.13 calcium chloride Fluka 

 9.14 chloroform merck 

  9.15 chorpyriphos Fluka 

 9.16  coomassie brilliant blue Fluka 

 9.17 coumaphos                                                                     Fluka 

 9.18 dipotassium hydrogen phosphate Fluka 

 9.19 1,4-Dithiothreitol Fluka 

 9.20 dNTPs Promega 

 9.21 ethanol BHD Analar 

 9.22 ethidium bromide Sigma 

 9.23 ethylene diamine tetraacetic Fluka 

 9.24 fenitrothion Fluka 

 9.25 glacial acetic acid BHD Analar 

 9.26 glycerol Boehringer Mannheim 

 9.27 guanidine hydrochloride Sigma 

 9.28  hydrocloric acid Fluka 



63

 9.29 isoamyl alcohol Merck 

 9.30 isopropanol Lab Scan 

 9.31 isopropyl thiogalactosidase (IPTG) Amresco 

 9.32 kanamycin Sigma 

 9.33 magnesium chloride Promega 

 9.34 magnesium sulfate heptahydrate Fluka 

 9.35 marathion Fluka 

 9.36 methanol LAB SCAN 

 9.37 methyl parathion Fluka 

 9.38 methyl parathion (FOLIDOL-E605 M50) Bayer 

 9.39 multiwall carbon nanotubes Cheap Tubes Inc. 

 9.40 N-N’-methylene- bisacrylamide Fluka 

 9.41 paraoxon Fluka 

 9.42 parathion Fluka

 9.43 phenol Fluka  

 9.44 p-nitrophenol Fluka 

 9.45 poly (allylamine hydrochloride) Aldrich  

 9.46 potassium dihydrogen phosphate Fluka 

 9.47 potassium hydrogen phosphate Riedel-deHaën
®

 9.48 sodium acetate Fluka 

 9.49 sodium chloride Fluka 

 9.50 sodium dodecyl sulfate Fluka 

 9.51 sodium hydroxide Akzo Nobel 

 9.52 TE saturated phenol Invitrogen 

 9.53 99% tritonX-100 Amresco 

 9.54 Tris (hydroxylmethyl) aminomethane GibcoBRL 

 9.55 Tryptone Schalau 

    9.56 Yeast extract Schalau   
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10.

10.1 autoclave Model ss-325 (Tomy, Korea) 

10.2 biological safety cabinet class II Type AlB3 (Nuaire, USA) 

10.3 centrifuge  GS-15R centrifuge (Beckman Coulter, USA) 

10.4 centrifuge  Universal 12 (Hettich, England) 

10.5 deionizer pure UV ultrapure water system (Thermo Fisher Scientific, USA) 

10.6 desiccator catalog NO. 5311 (Nalgene labware, USA) 

10.7 fast protein in liquid chromatography (FPLC)  ÄKTAFPLC (Amersham 

biosciences, UK)

10.8 gel chamber (BIO-RAD, USA) 

10.9 French
®
 Pressure Cells Press (Spectronics, UK) 

10.10 microcentrifuge MPW 52 Model 11374 Angle Rotor (MPW Med. Instruments, 

Poland)

10.11 microplate reader (Spectronic, UK) 

10.12 oven Model ULM 500 (Memmert, UK) 

10.13 power supply (BIO-RAD; USA) 

10.14 spectrophotometer  Genesys 8 (Spectronic, UK)

10.15 water bath Model WB 29 Gable cover (Memmert, UK) 

10.16 TPGSTAT 12  GPES software (Eco Chemie; The Netherlands) 
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11.

11.1 aluminum foil 

11.2 autopipette 

11.3 beaker 

11.4 centrifuge tube 

11.5 cylinder 

11.6 microtube  

11.7 erlenmeyer flask 

11.8 forcep 

11.9 glass pipette 

11.10 parafilm 

11.11 loop 

11.12 pasture pipette 

11.13 petridish 

11.14 rack 

11.15 spreader 

11.16 wrap 

11.17

11.18

11.19

11.20

11.21

11.22 Amicon Ultra-4  10 kda (Millipore; USA)

10.23 Amicon Ultra-4  30 kda (Millipore; USA) 

10.24 Amicon Ultra-4  50 kda (Millipore; USA) 

10.25 syringe filter  0.45 micrometers (Corning; USA) 

10.26 SnakeSkin
®
 Pleated Dialysis Tubing (Pierce, USA) 

10.27 syringe 
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1.  expression vecter pGEX-4T-2

1.1

1.1.1

- BamHI XhoI

 Burkholderia cepacia

 ( , 2547) 

BamHI XhoI

 Exp1    CGG GAT CCA TGC CCC TGA AGA ACC 

 Exp2    CGC TCG AGT CAC TTG GGG TTG ACG AC 

BamHI

 Exp1 XhoI  Exp2

1.1.2  (Sambrook et al., 1989) 

 Burkholderia cepacia

 30 

26  2  12-18 

1.5  12000 

2  TE buffer pH 8.0  567 

 SDS  10  ( )  30 

 proteinase K  20  3 

 37  1 

 5  100  CTAB/

(CTAB  1  0.7 )

80  65  10 

 :  :  (  25:24:1 )

 12000 

 5  :         
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 (  24:1 )

 12000  5 

  isopropanol  0.6 

 12000  5 

 70  1  12000 

 5 

 TE buffer pH 8.0  DNase free pancreatic RNase 

 20  -20 

 1.1.3  

 Burkholderia 

cepacia

Pfx amplification  1X, dNTPs  0.3 , magnesium sulfate 

 1 ,  Exp1  Exp2  0.3 ,

(  Burkholderia cepacia  1.1.2)  19           

 Platinum Pfx DNA polymerase 2.5 

50

            95  5 

 - deuaturation   95     1 

              - annealing         55    1             30 

 - extension    72       1 

               - post extension 72   10 

 1.1.4  

(Agarose Gel Electrophoresis) 

2  TAE pH 8.0 

 55 

 6X loading buffer  5  1 

 loading buffer  100 bp DNA ladder 
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 80  80-90 

ethidium bromide  0.5  15 

 DNase  10 

1.1.5

 QIAquick Gel Extraction (Qiagen, Germany) 

-

 DNase 

QIAquick Gel Extraction kit (QIAGEN, Germany)  QG  3 

 50  10 

 QIAquick spin column 

2  12000  1 

 QG  0.5  PE 

 0.75  2-5 

 QIAquick spin column  EB 

 30  1  1 

 -20 

 1.1.6  

Zero Blunt PCR Cloning (Invitrogen, USA) 

 Platinum Pfx DNA polymerase 

 Platinum Pfx DNA polymerase 

pCR Blunt  pCR Blunt 

 Zero Blunt PCR Cloning kit (Invitrogen, USA) 

 pCR Blunt  25  1 

 1 , -
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 (ligation buffer with ATP)  1X, 

DNase  6  T4 DNA ligase 4 

10

16

 1.1.7 

One Shot TOP10 Chemically Competent E. coli (Invitrogen, USA)

 pCR Blunt 

E. coli stain TOP10 

 One Shot 

TOP10 Chemically Competent E. coli  50 

 1.1.5  10 

 30  42 

45  2  LB  250 

 37  225  2 

 LB  50 

37

 1.1.8   Rapid Alkaline 

Extraction (Sambrook et al., 1989) 

E. coli

stain TOP10 

E. coli stain TOP10 

 pGEX 4T-2  (transformant) 

pCR Blunt  LB 

 20  100 

 37  200  16-18 

 12000  2 

 GTE buffer 

1  2  GTE buffer  50 

 alkaline SDS  200 
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 10  sodium acetate 

 3  4.8  150  5 

 12000  5 

 phenol : chloroform : isoamyl alcohol 

(  25:24:1 )  400 

 12000  5 

 phenol 

 chloroform : isoamyl alcohol (  24:1 )  400 

 12000 

 5 

 95  2 

 –20  3 

 12000  5 

 70  1  12000 

 5 

 TE buffer pH 8.0  100 

–20

 1.1.9 BamHI XhoI

E. coli stain TOP10 

BamHI  37 

BamHI  65 

20 BamHI

XhoI  37  2 

XhoI  65  20 

 1 kb DNA 

ladder
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 1.1.10 

 QIAquick Gel Extraction (Qiagen, Germany) 

BamHI

XhoI

 1.1.4  1.1.5 

 1.2   pGEX-4T-2 

1.2.1  pGEX-4T-2

 pGEX-4T-2 

E. coli DH5 E. coli DH5  pGEX-4T-2 

 LB  100 

 LB  100 

 20  37  200  12-18 

 1.1.8 

 1.2.2   pGEX-4T-2 BamHI XhoI

 pGEX-4T-2 

 pGEX-4T-2 

BamHI XhoI

1.1.9

 1.2.3  

QIAquick Gel Extraction 

 pGEX-4T-2 

 BamHI XhoI -

 1.1.4  1.1.5 

1.3

 pGEX-4T-2  2 
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  Insert : vector (10:1)              11.0 

  buffer (10x)    2.0 

 T4 DNA ligase   2.0   

  Sterile DDW    5.0   

 20.0 

 10 

1.4 E. coli DH5

(Sambrook et al., 1989)

 pGEX-4T-2 

E. coli DH5 E. coli DH5

 LB  LB  20 

37  200 

 4000 

4  10 

(calcium chloride)  0.1  5  2 

 4000  competent cell 

 0.1 

1  200 

 pGEX-4T-2

 10  30 

42  3  2  LB 

 1  37  2 

 100  LB 

 100  37  16-18 
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1.5  E. coli BL21

 (Expression host)

 pGEX-4T-2 

E. coli DH5

 restriction 

enzyme analysis BamHI XhoI

 microtiter plate activity assay 

 1.1.8 

 E. coli BL21

2.  (transformants)

 pGEX-4T-2 

2.1  Restriction Enzyme Analysis 

 restriction enzyme analysis 

 pGEX-4T-2 -

 1.1.8 

BamHI XhoI

1.1.9

2.2  (activity) 

 Microtiter Plate Activity Assay

 microtiter plate activity assay -

 substrate mixture (

 50 , Tris-HCl pH 8.5  25 

tritonX-100  0.1 )  100  microtiter plate 

microtiter plate  microplate reader 
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(Spectronic, UK)  410  substrate mixture 

 (negative control  microtiter plate 

 substrate mixture  positive control  microtiter plate  substrate 

mixture Burkholderia cepacia -

)  DpGT E. coli 

DH5 :: pGEX-4T-2  BpGT 

E. coli BL21 :: pGEX-4T-2 

3.

E. coli 

BL21

 pGEX (Amersham Biosciences, UK) 

 BpGT  LB 

 100  LB 

 100  20 

 37  200  16-18 

 (start culture)  600           

 1 OD  LB  100 

 500  37 

200  3-4  600

 0.3-0.4 OD  IPTG  0.1-0.5 

 5-6 

4.

4.1  BpGT

 80 0 0  

(JR 25.5, BECKMAN)  4  10 

 0.05  8  50 

 frence pressure cell  15-20 

 1,500 
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 12,000  (JR 25.5, BECKMAN)  4 

 20 

 -20 

 SDS-polyacrylamide gel electrophoresis,  Bradford 

 4.2   

 SDS-

polyacrylamide gel electrophoresis,  Bradford 

 PBS buffer pH 7.4  (urea)  8  (8 M 

urea, 50 mM PBS buffer pH 7.4, 1 mM DTT)  20 

 1 

 12,000  (JR 25.5, BECKMAN)  4  20 

 -20 

 SDS-polyacrylamide gel electrophoresis, 

 Bradford 

4.3

 (dialysis) 

 refold 

 PBS buffer pH 7.4 

 6  (8 M urea, 50 mM PBS buffer pH 7.4, 1 mM DTT, 50 M ZnSO4)  500 

 4        1 

 PBS buffer  PBS buffer  PBS 

buffer  6  PBS buffer  4  500 

 1 ,  PBS buffer  4  PBS buffer 

 2  2 ,  PBS buffer  2  PBS 

buffer  urea  dialsis  PBS buffer  urea  4 

 12,000 
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(JR 25.5, BECKMAN)  4  20 

 -20 

 SDS-polyacrylamide gel electrophoresis, 

 Bradford 

  4.4  GSTPrep FF16/10 column (GE Healthcare, USA)

 12,000 

0.45  (affinity 

column)  GSTPrep FF 16/10 column  GST-tag protein 

FPLC (fast protein in liquid chromatography)  (adaptor supplied) 

 (pump) 

 binding buffer  100  (  5 )

 binding buffer  1.0 

 0.2-1.0  binding buffer 

 5.0-10.0  binding buffer  1.0-2.0

 2 

4.4.1

GST-tag protein  elution buffer  100 

 1.0 

 1.0  0.5-1.0 

 -20  20  4-30 

4.4.2

GST-tag protein  (thrombin) 

 22-25  16 

 binding buffer  100  1.0 

 1.0 

0.5-1.0  -20 
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 GST-tag protein  elution buffer  100 

 1.0  20 

 4-30 

 2 

(concentrated)  amicon ultra-4 (millipore; USA)  10 

 SDS-polyacrylamide gel electrophoresis, 

Bradford

 4 

5.    SDS-Polyacrylamide Gel Electrophoresis (SDS-

PAGE) (Sambrook et al., 1989) 

SDS-polyacrylamide gel electrophoresis 

5.1

 10% (  separating gel) 

 acrylamide   6.6   

 1.5  Tris HCL, pH 8.8 5.0   

 10 % SDS            200.0 

     8.0 

 10% ammonium persulfate   100.0 

  TEMED               20.0 

 isobutanol  30 

 isobutanol 
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 6% (  stacking gel) 

 acrylamide   1.2   

 1.5  Tris HCL, pH 8.8 1.5   

 10 % SDS              60.0 

     3.2 

 10% ammonium persulfate     40.0 

  TEMED               20.0 

 30 

5.2

 50 

(4X gel loading dye)  20 

100  10  12000 

 10 

5.2

 5.2 

10

 25  90 

coomassie blue  1.5  destain I  1 

 destain II 

6.   (activity) 

Spectrophotometry (  Guoping et al., 1989) 

-
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 6.1  

 (p-nitrophenol)  1, 2, 5, 10, 

20, 30, 40, 50, 60, 70, 80, 90  100  Tris-HCl  8.0 

 50  1 

 410  (negative control  Tris-HCl 

8.0  50 )

 6.2  

 substrate mixture 

 100 ,  Tris-HCl  8.0  50 

,  0.1  Tween 80  0.1 

960  1.5  40 

 25  5 

 spectrophotometer  410 

 (negative control  substrate mixture 

)

7.  Bio-Rad Bradford Protein Assay (BIO-RAD; USA)

Bio-Rad bradford protein assay (BIO-RAD; USA) 

7.1

 BSA  2, 4, 6, 8  10 

 BSA  800 

 1.5  bradford dry reagent  200 

5  595 

 (negative control  Bradford dry reagent )

7.2

 800  1.5 

 bradford dry reagent  200  5 

 595 

 (negative control  Bradford dry reagent )
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8.

E. coli BL21 

8.1

 BpGT 

 BpGT  LB 

 100  20  37 

 200  16-18 

 600  1 OD  LB 

 100  500 

 37  200  3-4 

 600  0.3-0.4 OD 

 IPTG  0.1-0.5  5-6 

 18, 25, 30, 37, 45  50 

 6 

 7 

 8.2   IPTG 

 IPTG 

 BpGT

 BpGT  LB 

 100  20  37    

 200  16-18 

 600  1 OD 

 LB  100 

 500  37  200  3-4 

 600 

0.3-0.4 OD  IPTG  0.10, 0.25, 0.50, 1.00, 2.50  5.00 

 BpGT  IPTG 
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 5-6  (  8.1) 

 6 

 7 

8.3  IPTG 

 IPTG 

 BpGT

 BpGT  LB 

 100  20  37    

 200  16-18 

 600  1 OD 

 LB  100 

 500  37  200  3-4 

 600 

0.3-0.4 OD  IPTG  (  8.2) 

 0, 1, 2, 3, 4, 5, 6 

(  8.1) 

 6  7 

 8.4  

 BpGT

 BpGT  LB 

 100  20  37     

 200  16-18 

 600  1 OD 

 LB  100 

 500  37  200  3-4 

 600 

0.3-0.4 OD  IPTG  (  8.2) 

 CoCl2, NiCl2, ZnSO4, CuSO4, LiCl, MgCl2, CaCl2,

MnSO4, FeSO4  Pb(NO3)2  1 
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 (  8.1)  (  8.3) 

 6  7 

 8.5  

 BpGT

 BpGT  LB 

 100  20 

 37  200  16-18 

 600

1 OD  LB  100 

 500  37  200  3-4 

 600

0.3-0.4 OD  IPTG  (  8.2) 

 (  8.4) 

0.1, 0.5, 1.0, 5.0, 10.0  BpGT 

 (

8.1)  (  8.3) 

 6  7 

9.

-

 BpGT 

 4 

9.1

 4, 10, 20, 25, 30, 40, 50, 60, 70  80 

 6  7 
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 9.2   

 critrate buffer  50  5.0 

 5.5; phosphate buffer  50  6.0, 6.5, 7.0, 7.5  8.0; Tris-HCl 

buffer  50  8.5, 9.0  9.5; carbonate-bicarbonate buffer 

 50  10.0  10.5; Na2HPO4-NaOH  50 

 11.0, 11.5  12.0  6 

 7 

9.3

 4, 25, 37, 50  80 

 6  7 

 0, 1, 2, 4, 6, 12, 24,  48 

 9.4  

 critrate buffer  50 

 5.0  5.5; phosphate buffer  50  6.0, 6.5, 7.0, 7.5 

8.0; Tris-HCl buffer  50  8.5, 9.0  9.5; carbonate-bicarbonate 

buffer  50  10.0  10.5; Na2HPO4-NaOH  50       

 11.0, 11.5  12.0 

 6  7  0, 1, 2, 4, 6, 12, 24, 

48

 9.5 

 CoCl2,

NiCl2, ZnSO4, CdCl2, CuSO4, MgCl2, CaCl2, MnSO4, Pb(NO3)2, DTT, EDTA  SDS 
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 0.25, 0.5, 1.0,  2.0 

 6 

 7 

 9.6 

 (specific 

activity),  (Vmax),  Michaelis-Menten (Km),  turnover number 

(kcat)  catalytic efficiency (kcat/Km)

 (methyl parathion), 

 (paraoxon),  (parathion),  (chlorpyrifos), -

 (fenitrothion),  (malathion)  (coumaphos)  Tris-HCl buffer 

 9.0  50  25 C  5 

 6  7 

10.

 10.1  

 3 

(glassy carbon; GC)  (working electrode; WE), 

(platinum; Pt)  (counter electrode; CE) -

(Ag/AgCl)  (reference electrode; RE) 

(sonicated)  5 

 10.2   (modified electrode) 

 2 
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 10.2.1 

 0.1  40 

 3 

 10.2.2 

 (layer by layer electrostatic technique) (

 Munge et al., 1989)  26

 26 

 26 

carboxylate (COO
-
)  (  26, A)  PAA 

 (  26, B)  1 

 100  PAA  1 

 0.5  900 

 15 

 20  12,000 

 15  2 

 PAA 

 PAA 

 (DI water)  1000  20 
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 12,000 

15  2 -

 GST-tag protein  PAA 

 (  26, C)  GST-tag protein 

 PAA (  GST-tag protein  isoelectric point (pI)  5.8 

 7 )

 PAA  (

 isoelectric point (pI)  8.5 

 7 ) -

 PAA 

 1000 

 20  12,000  15 

 1000 

 20  12,000  15 

 2 

 1000  (  26, D) 

 40  10  4

 10.3   3 

 3  50 

 8 

 potentiostat/galvanostat (Autolab Module PGSTAT30) 

 GPES software (Eco Chemie; The Netherlands)  27 
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 27  3 

 10.4  

 (cyclic voltammetry) 

 2

10.4.1  (bare electrode)

 3  10.3 

          number of scans                                   3                                 

  start potential (V)                                 0 

     first vertex potential (V)                   1.2 

  second vertex potential (V)               0 

  step potential (V)                               0.00105 

  scan rate (V/s)                            0.05 
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 1 

 30  start 

 10.4.2  (modified electrode) 

 10.2.1 

 3  10.3 

 10.4.1  1 

 30  start 

 10.5  

 3 

 10.3  (potential)  0.93 

 (duration time)  10000  start 

3  (noise) 

 10.6  

 (sensivity) 

 10.6.1  

 10.2.2  0.894, 1.260, 1.788  2.235 

 40  10 
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 4 

 10.5 

10.6.2

10.6.2.1

 layer by layer electrostatic self assembly immersion technique 

(  Galan-Vidal et al., 1989)  (immersed) 

 (self assembly)  4 

 28 GC-PAA-GST-MPH 

 10.6.2.1.1  GC-PAA-GST-MPH 

 28  PAA  1 

 0.5  1000 

 20 

 20 

 (

 10.6.1)  1000  20 

 20 

 4 

 10.5 
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 29 GC-MPH-GST 

 10.6.2.1.2  GC-MPH-GST 

29 -

 (  10.6.1)  1000 

 20 

 20  4 

 10.5 

 30 GC-PAA-CNT-PAA-GST-MPH 

  10.6.2.1.3  GC-PAA-CNT-PAA-GST-MPH 

 30  PAA  1 

 0.5  1000 
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 20 

 20 

 1  1000 

 20 

 20 

PAA  1  0.5 

1000  20 

 20 

 (

10.6.1)  1000  20 

 20 

 4 

 10.5 

 31 GC-PAA-CNT-MPH-GST 

 10.6.2.1.4  GC-PAA-CNT-MPH-GST 

 31  PAA  1 

 0.5  1000 
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 20 

 20 

-

 1  1000 

 20 

 20 -

-

 (  10.6.1)  1000 

 20 

 20  4 

 10.5 

10.6.2.2 -

 layer by layer electrostatic self assembly drop 

dry technique 

(self assembly)  (modified glassy carbon electrode) 

2

10.6.2.2.1  GC-CNT-PAA-GST-MPH 

(  Munge et al., 1989) -

 (  10.6.1) 

 10.2.2 -

 40  10 

 4 

 10.5 

10.6.2.2.2 GC-CNT-MPH-GST 

 1 

 (  10.6.1) 
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 1000  20 

 12,000  15 

-    

1000  20  12,000 

 15  2 

 1000 

 40  10 

 4 

 10.5 

10.6.2.3 -

 (drop dry) 

 2 

10.6.2.3.1 GC-enzyme 

 (  10.6.1) 

 40  10 

 4 

 10.5 

10.6.2.3.2 GC-CNT-enzyme 

 1 -

 40  10 

 (  10.6.1) -

 40  10 

 4 

 10.5 

10.6.3

(hydrodynamic voltrammogram; HDV) -
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 (  10.6.2) 

 10.5 

 0.80, 0.90, 0.93, 0.95, 0.98  1.00 

 10.6  

-

 10.6.1  

 (  10.6.2) 

 10.5 

 1, 2, 3,…, 30 

10.6.2

 (  10.6.2) 

 15 

 10.5

10.6.3  (linear range) 

 (  10.6.2) 

 10.5

 10.6.4   (sensitivity) 

 (  10.6.2) 

 10.5

10.6.5  (limit of detection) 

 (  10.6.2) 

 10.5
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 10.7  

-

 (spike) 

 200  40 

 76.84 

 10.5 

11.

 (agilent technologies, USA)  agilent 6890N 

 (glass – lined injection port), 

 (flam photometric detector)  (capillary 

column for organophosphate pesticides)  DB-1701P 

 (rotary vacumn evaporator),  (separatory funnels), 

 (graduate cylinders),  (funnel),  (cotton wool for filtration), 

 10  (microsyringe, 10 microliter),  120  250 

11.1

   -

 (spike)  10  1 

 500  1 

 100 

 2  10 

-
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 (sodium sulphate, Na2SO4) 1  (  20 )

 50 

 3 -

 50 

11.2

 1 

DB-1701P  11.1  (helium) 

 (mobile phase)  60 

 250 

 (retention time)  26 

 250  150 

 (oxidizer gas)  110 

 2 

 60 

11.3

    1 

DB-1701P  0.2, 

0.5, 1.0  2.0 

 11.2 
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 4 

1.  expression vecter pGEX-4T-2

Burkholderia cepacia -

 (template DNA)  PCR 

 Exp1  Exp2 

 Burkholderia cepacia

 ( , 2547) 

BamHI XhoI

 pGEX-4T-2  1.0 

 32 

 (989 bp) 

 pCR Blunt 

 One Shot TOP10 chemically competent E. coli

 expression clone 

BamHI XhoI

 pGEX-4T-2 

 E. coli DH5  (transformation) 

pGEX-4T-2 BamHI XhoI  (mpd gene) 

QIAquick gel extraction  32  5 

 pGEX-4T-2 
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 32  pGEX-4T-2 

 BamHI  XhoI  QIAquick gel extraction,  1: 

 1.0 kb DNA ladder,  2-3: ,  4: 

 pGEX-4T-2 

E. coli DH5  (transformation) 

 (agarose gel electrophoresis)  3 

 linear, nicked circle  supercoil  33 
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 33  pGEX-4T-2 ,

 1: 1.0 kb DNA ladder, : 2-3:  pGEX-4T-2

 restriction analysis 

 pGEX-4T-2 BamHI  XhoI

 QIAquick Gel Extraction 

 34  1 

 5  pGEX-4T-2 
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 34  restriction analysis  pGEX-4T-2 

BamHI XhoI:

 1, 1.0 kb DNA ladder;  2,  pGEX-4T-2 -

;  3;  pGEX-4T-2 -

BamHI;  4, 

pGEX-4T-2 

BamHI XhoI

 (transformants) 

(activity)  microtiter plate activity assay 

 35 

substrate mixture  50 

 DpGT E. coli DH5  pGEX-4T-2 ::

mpd gene 
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 35

,  1-4  microtiter well  substrate mixture  (negative 

control),  1: microtiter well  substrate mixture Burkholderia cepacia

 (positive control),  2-4: microtiter 

well  substrate mixture E. coli DH5  pGEX-4T-2 :: mpd gene 

2.   expression clone 

 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

 (recombinant plasmid) 

DpGT  (transformation)   

 E. coli BL21  LB 

 100 

36 -

 microtiter plate activity assay 

 BpGT E.coli BL21 pGEX-4T-2

:: mpd gene
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 36

BpGT  microtiter plate activity assay  1: microtiter well  substrate mixture 

 (negative control),  2: microtiter well  substrate mixture Burkholderia

cepacia  (positive control),  3: microtiter 

well  substrate mixture  BpGT,  4: microtiter well  substrate mixture 

 E.coli BL21 pGEX-4T-2

 (ligation)  E. 

coli BL21

 nicked circle 

 E. coli DH5

 (cloning host)  (replicated) 

 supercoil E. coli DH5

E. coli BL21  (expression 

host)

 SDS-polyacrylamide gel electrophoresis  37  

 expression clone BpGT 

 pGEX-4T-2 -

 26  (  2) 

 (glutathione-s-transferase; GST)  (tag protein) 

 pGEX-4T-2 

 61  (  3) 

 26  35 
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 37 SDS-polyacrylamide gel electrophoresis 

 pGEX-4T-2,  1: Kaleidoscope 

prestained protein standard marker,  2: E. coli BL 21  pGEX-4T-2 (

),  3: BpGT (E. coli BL 21:: pGEX-4T-2 -

)

3.

 BpGT 

 pGEX (pGEX plasmid protocal) 

 (supernate) 

 SDS-polyacrylamide gel electrophoresis  38  panel A 

 61 

 inclusion body 

E. coli

E. coli

(  2) 

(  3)  panel B  (urea) 

 61  (  5) 
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(dialysis)  refold (  6) 

 GSTPrep FF 16/10 column  GST-tag protein 

 GST-tag 

protein

 35  (  7) 

 spectrophotometry 

 38 SDS-polyacrylamide gel electrophoresis 

 BpGT  (panel A) 

 (panel B),  1, 4:  BenchMark Protein Ladder,  2: 

,  3: ,  5:  urea,  6: 

 refold ,  7:  MPH 

GSTPrep FF column 

 GSTPrep FF 16/10 column 

 (fraction)  aromatic ring 

 280  (OD280)  39 
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 binding buffer 

 280  ( )

 ( )  (fraction 2-12) 

-

 GST-tag protein 

 binding buffer 

 aromatic ring  280 

 39 

 280  ( )  ( )

 (  39, fraction 16-24) -

 39  280  ( )

 ( )

fraction  GSTPrep FF

 refold 

 bradford  (specific activity) 

10  189.9 
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 4 

 70.6 

 10 

4.   BpGT -

 BpGT E. coli BL21 

 4.1  

-

 BpGT 

 37  IPTG 

 40  18 

 50 
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 40  BpGT

4.2  IPTG 

 IPTG 

 BpGT 

 IPTG 

 41  IPTG 

 IPTG  IPTG 

 IPTG 

 1 

 pGEX 
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 41  IPTG 

BpGT

 3.3  IPTG

 IPTG 

 BpGT

 BpGT  IPTG 

 42 

 IPTG 

 BpGT  IPTG 

 (overnight) 

 6 -

 IPTG 
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 42  BpGT  IPTG 

 3.4  

 BpGT

 BpGT  IPTG 

 1  43 

 (ZnSO4)

 (CoCl2)
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 43 

 BpGT 

 3.5  

 3.4  BpGT -

-

 BpGT

 BpGT

IPTG  44 

 0.5 -

 5  10  BpGT

 BpGT
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 44 

 BpGT

 BpGT 

 BpGT 

 SDS-polyacrylamide gel electrophoresis  45 

 61 

 (  2) 

 (  4)  (  3) 

 GSTPrep FF 16/10 column 

 11 

 189.9  1998.64  3 

 (crude extract) 

 75.26 
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 45 SDS-polyacrylamide gel electrophoresis 

 pGEX-4T-2,  1: Kaleidoscope 

prestained protein standard marker,  2: 

,  3: 

 4: 

 11 

 BpGT 

 2 

 Amicon Ultra-4  10 

 5250 

 9 
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5.

5.1  (optimum temperature) 

 46 

 25 

 25 

 3 

 46 

5.2  (optimum pH) 

 47 

 9 

 9 

 3 
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spectophotometry  ( )

 47 

5.3  (thermal stability) 

 48  4 

 48  25 

 50  5  45  48 

 37  50  25 

 15  5  80 

 5 
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 48 

4.4  (pH stability) 

 49  6 

 5  5 

 60  48  7 

 75  12  30 

 48  8  9 

 40  15  4  10 

 4 
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 49 

 4.5  

 50 

 CoCl2, ZnSO4  CdCl2

 CoCl2  1 

226  NiCl2, CuSO4, MgCl2, CaCl2, MnSO4, Pb(NO3)2

 DTT, EDTA  SDS  SDS 

 SDS  SDS  2      

 10 
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 50 

 4.6  

 (Vmax),  Michaelis-Menten (Km),  turnover number (kcat)

catalytic efficiency  Lineweaver-

Burk plot  51  Vmax, Km, kcat  catalytic efficiency 

 2.305 , 0.089 , 76.31 , 855.54 
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 51 Lineweaver-Burk plot 

 52  Vmax, Km, kcat  catalytic efficiency 

 2.371 , 0.086 , 78.51 , 917.16 

 52 Lineweaver-Burk plot 

 53  Vmax, Km, kcat  catalytic efficiency 

2.294 , 0.101 , 75.94 , 752.49 
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 53 Lineweaver-Burk plot 

 54  Vmax, Km, kcat  catalytic efficiency 

 1.496 , 0.085 , 49.54 , 582.91 

 54 Lineweaver-Burk plot 

 55  Vmax, Km, kcat  catalytic efficiency 

0.212 , 0.077 , 7.02 , 91.04 
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 55 Lineweaver-Burk plot 

 56  Vmax, Km, kcat  catalytic efficiency 

 0.213 , 0.046 , 7.05 , 153.85 

 56 Lineweaver-Burk plot 
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 57  Vmax, Km, kcat  catalytic efficiency 

0.041 , 0.030 , 1.36 , 45.82 

-

 57 Lineweaver-Burk plot 

5.

 5.1  

(

-

) , -

,

 (modified CNT-GC electrode) 

 (bare GC electrode)  58 

 1 

 6.20  59 

1  9.51 
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 (promote electron transfer) 

 (response) 

 +0.930  +0.928 

 58

 59 
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 5.2  

 (MPH electrode) 

 OP 

5.2.1

-

 (GST-tag fusion protein) 

 (GST-tagged MPH)  (MPH-immobilized 

CNT)  (GC electrode)

(electrostatic technique)   60  0.894 

 (  D)  479 

1.260  (  C)  469 

 1.788  (  A) 

 697 

 2.235  (  B) 

 596 
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 60  (calibration curve) 

MPH-immobilized CNT 

5.2.2

5.2.2.1  layer by layer electrostatic self 

assembly immersion technique

 layer by layer electrostatic self assembly immersion technique 

 4  GC-PAA-GST-MPH, GC-PAA-CNT-PAA-GST-MPH, 

GC-MPH-GST  GC-PAA-CNT-MSH-GST 

 0.93  61 

 GC-MPH-GST  (  A) 

 32.1  GC-PAA-CNT-PAA-GST-MPH 

 (  B)  29.6 

 GC-PAA-CNT-MSH-GST  (  D) 

 15.9 

GC-PAA-GST-MPH  (  E) 

 7 
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 61

 layer by layer 

electrostatic self assembly immersion technique

5.2.2.2  layer by layer electrostatic self 

assembly drop dry technique 

 layer by layer electrostatic self assembly drop dry technique 

 2  GC-CNT-PAA-GST-MPH, GC-CNT-MPH-GST 

-

 0.93  62  GC-CNT-PAA-GST-MPH          

 (  B)  660            

 GC-CNT-MPH-GST  (  A) 

 29 
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 62 

 layer by layer 

electrostatic self assembly drop dry technique

5.2.2.3  drop dry 

 drop dry  2  GC-enzyme 

GC-CNT-enzyme

 0.93  63  GC-CNT-enzyme      

 (  B)  409.8      

 GC-enzyme  (  A) 

 63.6 
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 63 

 drop dry

  5.2.2.4  electrostatic drop dry 

technique,  electrostatic immersion technique  drop dry 

 electrostatic drop dry technique,  electrostatic immersion technique  drop dry 

 64  electrostatic drop dry technique (  A) 

 675.7  electrostatic 

immersion technique (  C)  drop dry (  B) 

 29.6  409.8 
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 64 

 electrostatic drop dry 

technique,  electrostatic self assembly immersion techniques  drop dry 

          5.2.3  

 65 

 0.93 

 497 

 0.93 



129

 65 

 5.3 

 (MPH electrode) 

           5.3.1  

 66 

 1 

 70  2 

 20 

 ( )

 8  4               

 ( )
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 66 -

 4  ( )

( )

5.3.2

 15  67 

 relative standard deviation 

(%RSD)  9.19  ± 3.49 % 

 67 
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5.3.3 ,

-

 5  68 

 616 

 3 

(signal-to-noise characteristics; S/N = 3)  5.4 

 10-90 

 68  ( ) -

 ( )

 1 

 69  1547 

 (limit of 

detection; LOD)  3 (signal-to-noise 

characteristics; S/N = 3)  0.86 

3.3-40
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 69  ( )

( )

 10 

 70  301 

 (limit of 

detection; LOD)  3 (signal-to-noise 

characteristics; S/N = 3)  0.86 

20-240

 70  ( )

( )
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 5.4 

 (spike) 

 200  40            

 76.84 

 71  12.4 

 66.34  (% recovery) 

 86.33  ± 1.37 % 

 71 

6.

-

 (spike)  15 

 72 

 (retention time)  10 
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 72 
   

 14.245 

 94.97  ± 7.76 % 
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 5 

pGEX-4T-2

-

 BpGT    E.coli BL21 

pGEX-4T-2 :: mpd gene  SDS-polyacrylamide gel electrophoresis 

 BpGT 

 BpGT 

 SDS-polyacrylamide gel electrophoresis 

 inclusion body 

 membrane protein (Keprasertsup, 2001) 
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 (GSTPrep FF column) 

 refold 

-

 refold  3  3 

 refold 

-

 IPTG 

 1  CoCl2  0.5 

 18  6 

 18 
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 18 

 IPTG 

 IPTG 

 3 

 (Manavathi et al., 2005) 

 25  50 mM      

Tris-HCl buffer pH 9.0 

4  50 mM  phosphate buffer pH 6.0 ,
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 DTT, EDTA  SDS 

 12 

 12 

 13 

 Vmax  kcat  Km  Vmax

-

 Km

 1  kcat

 1  (  kcat

Vmax / [E])  catalytic efficiency (kcat / Km)
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 >  >  > 

 >  >  > 

(phosphodiester bond)  (phosphate)  (O) 

 (S) 

(electronegativity*)

 (alkyl 

group)  (methyl group) 

 (ethyl group) 

 MP  MPH 
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 13 

(*electronegativity; En 

)

 (carbon nanotubes; CNTs) 

(semiconductor)
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 (surface fouling) 

 layer by layer 

electrostatic self assembly drop dry technique 

 1.788 

 0.93  0.93 

 15 

 RSD  9.19  4          

 3 
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 4       

 3 

 14 

 14 
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 15 

 15 

 3 
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 (spike) 

 86.33 

 94.97  2 

 6.84 
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. .

(2541)  (Monograph)  (Methyl 

parathion); , , 180

.  (2537) 

2537; , , 35 

.  (2538) 

 1; , , 100-102 

,  (2543) 

Pseudomonas sp. 

;

 26, 

 (2544) 

Pseudomonas sp. ;

, , 30-34 

 (2531) ;

, , 25-65 

 (2533) ; ,

, , 14 

 (2527) ; . ,

, 55-71 

 (2541) ; ,

, , 13-41 

 (2549) 

Burkholderia cepacia;

, ,
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. .

 (2535) 

(biosensor); , ,

1-20

 (2547)  methyl parathion 

hydrolase  methyl parathion-degrading Burkholderia cepacia;

, ,

 (2554) ;

, 11(4): 62-64
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1.  Luria-Bertani (LB  broth) 

Tryptone  10 

 Yeast extract    5 

 Sodium chloride  10 

 1 

 121  15 

 15 

2.  Luria-Bertani (LB  agar) 

Tryptone  10 

Yeast extract    5 

  Sodium chloride  10 

  Agar   14 

 1 

121  15  15 

 55-60 

3.  basal mineral medium  methyl parathion  50 

 (BMM+MP broth) 

K2HPO4   4.8 

KH2PO4   1.2 

NH4NO3  1.0 

MgSO4·7H2O  0.25 

CaCl2   0.04 

FeSO4·7HO2  0.005 

0.5 mg/ml filter sterile methyl parathion 100 
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 filter sterile methyl parathion  1 

 (volumetric flask) 

 121  15  15 

 filter sterile methyl parathion  

4.  BMM+MP 

K2HPO4  4.8 

KH2PO4  1.2 

NH4NO3  1.0 

MgSO4·7H2O  0.25 

CaCl2   0.04 

FeSO4·7HO2  0.005 

Agar   14 

0.5 mg/ml filter sterile methyl parathion 100 

 agar  filter sterile methyl parathion 

 1 

 agar  121  15 

 15  55-60 

filter sterile methyl parathion 
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1.   Tris-HCl/EDTA  pH 8.0 (TE buffer)

Tris 40 

EDTA 2 

 8.0  HCL 

 121  15  15 

2.   lysing solution 

Tris 50 

SDS 3  (w/v) 

 Tris  50  12.6  NaOH  2       

 121  15  15 

3.  sodiu  dodecyl sulfate (SDS solution) 

 SDS  68  7.2  HCl 

 0.2 

4.   glucose/Tris/EDTA  pH 8.0 (GTE buffer) 

glucose  50 

Tris 25  8.0 

EDTA  10  8.0 

 121 

 15  15  4 
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5.   Tris-acetate pH 8.0 (TAE buffer) 

Tris 0.04 

EDTA  0.001 

 8.0  glacial acetic acid 

 121  15  15 

6.   6X gel-loading buffer 

bro ophenol blue  0.25 

xylene cyanol FF   0.25 

sucrose in water   40  (w/v) 

 4 

7.   isopropylthio- -D-galactoside (IPTG) 

 stock solution  0.1  IPTG 1.1915 

 50  0.2  -20 

*   0.1-1 

8.   Ampicillin

 stock solution  10  ampicillin  1 

 100  0.2 

 -20 

       *  100 

9.   Phosphate buffer saline (PBS buffer)  7.4 

 Na2HPO4 1.44 , KH2PO4 0.24 , NaCl 8  KCl 0.2 

 1000  7.4  NaOH 
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10.  chloroform : isoamyl alcohol (24 : 1) 

 chloroform  96   isoamyl alcohol  4 

11.  phenol : chlorofor  : isoamyl alcohol (25 : 24 :1) 

 phenol  50 , chloroform 48  isoamyl alcohol 

 2 

12.  1  Tris-HCl,  8.0 

 Tris base 15.76  100 

8.0  121  15  15 

13.  Ethidium bromide

 ethidium bromide  0.5  ethidium bromide 

 0.05  foil 

14.  30  (w/v) Bis-Acrylamide 

 acrylamide 30  bis- acrylamide 0.8  100 

15.  10  (w/v) Amonium persulfate 

 amonium persulfate 0.5  5 

16.  Electrophoresis buffer, pH 8.3 

 Tris-base 9.0 , glysine 43.2  SDS 3.0 

400  1 N NaCl  8.3  600 

17.  Stain solution 

 Coomassie brilliant blue 0.5  methanol 200 , acetic acid 50 

 500 
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18.  Destain solution I 

 500 , actic acid  100 

 400 

19.  Destain solution II

 methanol  50 , acetic acid 70 

 880 

20.  refolding protein  dialysis 

PBS buffer,  7.4  0.1  

 DTT 0.1  

 ZnSO4                                                  50

                 urea 8.0  

 8  240  PBS buffer 

 7.4  250 , 0.1  DTT  0.5  500 

 ZnSO4 0.01  (  50 )

 6, 4, 2  0  180, 120, 60  0 

21.  Binding Buffer 

NaCl       140  

KCl  2.7  

Na2HPO4 10  

K2HPO4   1.8  

DTT   1.0    

 Na2HPO4 1.44 , KH2PO4 0.24 , NaCl 8  KCl 0.2 

 1000  pH  7.4  NaOH  0.2 
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22.  Elution Buffer 

Tris-HCL, pH 8.0              50  

reduced glutathione             10  

DTT                 1.0  

Tris-HCL  50  pH 8.0  reduced glutathione  10 

 DTT  1.0 

23.  Thrombin solution 

 (GE Healthcare, USA) 500  PBS buffer pH 7.4 

 500  (1  1 )

 -80 
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1.  (enzyme assay) 

1.1

 410 

 73 

 73 

 74 
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    (total protein concentration; mg/ml) 

 (total activity; umole) 

 (specific activity; unit/mg protein) 

 (purification) 

 (% recovery) 
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AchE     acetylcholinesterase 

BMM     basal  mineral  medium 

bp     base  pair 

BSA bovine serum albumin 

CE                                       counter electrode 

CNTs                                    carbon nanotubes 

CTAB     cethylbimethyl  ammoniumbromide 

CV                           cyclic voltammogram  

DTT 1,4-Dithiothreitol 

EDTA     ethylene  diamine  tetraacetic 

FPLC fast protein in liquid chromatography 

GCE glassy carbon electrode 

GSE                                    gas selection electrode 

GSH reduced glutathion 

GSSG oxidized glutathion 

GST                                   glutathion-S-transferase

HPLC high pressure liquid chromatography 

IPTG     isopropanol  thiogalactosidase 

ISE ion selection electrode 

kb     kilobase 

LB     Luria Bertani 

LC     lethal  concentration 

LD     lethal  dose 

MP                methyl parathion 

mpd  gene    methyl parathion-degrading  gene 
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MPH methyl parathion hydrolyzing enzyme 

MFO     mixed-function  oxidase

MWCNTs                             multiwall carbon nanotubes 

opa  gene    organophosphorus  acid  anhydrolase  gene 

opd  gene    organophosphate-degrading  gene 

OPH     organophosphate  hydrolyzing enzyme 

PAA poly (allylamine hydrochloride)        

PAH     polycyclic  aromatic  hydrocarbon 

PCR     polymerase  chain  reaction 

pI                        isoelectric point 

PNP                                           para-nitrophenol 

ppb     part per billion 

ppm     part per million 

RE                                      reference electrode 

SDS     sodium  dodecyl  sulfate 

WE                                      working electrode 

X-gal     5-bromo-4-chloro-3-indolyl- -D-galactopyranoside
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 Mr. Anirut Ekkhuntham 

 17  2527 

   59/182  10 . 13 .  2 

.  10150

. .2546

.

. . 2546   ( )

. . 2550 
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 Poster presentation 

. . 2550 Purification and characterization of methyl parathion hydrolase from cloned 

mpd gene (33
rd
 Congress of Science and Technology of Thailand (STT) 

 33) 

. . 2551 Optimization of expression conditions for recombinant methyl parathion 

hydrolase production in Escherichia coli (34
th
 Congress of Science and 

Technology of Thailand (STT)  33) 
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. . 2552 Characterization of recombinant methyl parathion hydrolase capable of 

degrading methyl parathion insecticide (The 21st Annual Meeting and 

International Conferrence of Thai Society for Biotechnology (TSB) 

21)

 Oral presentation 

. . 2553 Development of biosensor for pesticide detection using methyl parathion 
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International Conference (PACCON2010)) 
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