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KEY WORDS : METHYL PARATHION HYDROLASE/AMPEROMETRIC/BIOSENSOR
ANIRUT EKKHUNTHAM : DEVELOPMENT OF BIOSENSOR FOR PESTICIDE

DETECTION USING METHYL PARATHION HYDROLASE FROM RECOMBINANT MPD CLONE.

THESIS ADVISORS: ASST. PROF. JESDAWAN WICHITWECHKARN, Ph.D., WANIDA

WATTANAKAROON, Ph.D., AND ASST. PROF. PITTAYA LIEWSAREE, Ph.D. 170 pp.

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°C. The enzyme activity was unchanged for 48 h
at 4°C, and remained above 50% within 5 h and about 45% throughout 48 h at 25°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**, Co*, and zn®" 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/uM, 301 nA/uM,
and 1547 nA/uM, 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 Sunsus 5500 | 2,000 | >1,000 | >4,000

S Y =

dregsvesaimaslsuaniidiouasedransiiga laun
a o [ a
- 99aamI U miln
=\ 1 a o o ad 4
- 1alineY 1Y Faaendy, luadisnd
% ] a 4 a
- ladalaeu sy ladanou, Ivausnd, 15lamiineu
- waved vy Weaasy, Wivlea, Wealu
] a = <3 4
- wnlseew wu Tvldaea 8 605, Wi51Aea, MIINONG
[ <
- vlosw s swm, unsuyionds
A =1 [] (9 4
- %519 M3 Toouiie wu launa, madend 3, Truau
4 ] oY) d a L4
- NN U Woanndg, Ulod, Aaand
- s Tew @y lasuw, duvea, & Tuvlesa
[y ] ] d‘du Y kY !
fed19vesenauuasszaniiounseensaga laun
a [} < 4 9y o a
- 993U 19U p0AIAS NG, 00a1A3N, e TnsAu
- HalasTavea wu luasy, mstasou, waaod
- s T Tulseeu wu laslseeu

A A A 1 (2 4 Y] 4
- lalaaned vise aadn 1 uenmsa, tuadu, Tulnd

= a (= < J A 9y o ~
- AaASU 1Y AN, Aa ka3, tou Tad



a 1 1 oY < o a
- puATH Y lasuilen, lowasnd, 13naasy
a 1 a a <
- waawn Iseon 1w 051ya, 11a Tva, Tdnoa-10u
[y ' ] d‘du 9 '
feehavesenanuuadszaniiiouasisthunaia 1aun
- oguleenuFa iy nlseow, gw lseeu, nlseou
=\ = a
- Te¥% uarauay
4 ] 4 A 4
- AARSIAY 1¥U AADTIAY, AABIAAA
[} 4 4
- quilea iy Ta-51a, twdioas 21/199
= [} < 4 a 4
- o @ Tuw e weavhnond, gav, ailanst lasd
[] a ¢ o 4
- e Tsen iy lanew, 5a15M, 151005
[ 1 a < 4
- euladamiy iy 15 Tea, twledn, Towindg
] Iy Y J a 4
- wlulseou 1w wd Inndg, muda, wesual Tavloa
(Y} ] ] d‘du ; Yy
feehavesenasnuyasdszinanniiouasiad 1aun
= 1
- Mo 1w ozun
(K4 1 4
- 99 1 19w 031 layel
- msunsa iy Y, 10e-85
a (] 9y o
- Aap ISIUUF@N 19U oAU, AW 1M
AaAA
- @fn
- lalavea iy warsu
- walseou
4 a
@nwdou lseadifesd, 2527)
4 ¢
1.5 msulasunlasgasinssadisvesensimuasiszaneasmiunemulaluny
v d
nazan)
o P Y ' ] '
Tudadidesgndreuy Imsnlasundasarsulantaeuindr 1l usenmelae
° Y & 2 = Sy yad o w '
M ldeglunmdsliszquiniiu Ssazmeirlaaau nazgniidaeenving wmenilaaing
[ U 4 1 v §
Tunndana1n viselumnvesnounad (conjugates)  daunsUnzildasunilasais
1 5 o aan [ 4 o
uantaeuleglunmasazinl§nseriunlIng (peptides) Tusaunsoms lulamsa
H ] 4 v o
mslasunlasges Inssadsvesenaiwaalszinnessmiuealaludas
dy Y A 1 1 Aa dg} Ao & A 4 1 g
@esgnateuny malasunlasadulvapnatuiiay Fediiou lsioamesd (esterase) agiilu
o aan d' d’ 9 [ d' 9 ]
Snuunnlgaseiferdesnunsldsunlasgas Tassaiigvesssinuuaiszian

o w

posm Tueaaiddey 1duna
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151 Ufasermsnlasungulslelu  (thiono) 1ilunguesnias (oxo)
91fnse1n1siiaeendiafuvesdaresvzilasuaisweanels s Totund
(phosphorothionates) 1flumoaila (phosphate) YATodenaruiudlfaseordein 1 ldansd

Q(Q dg} d' 1 . U = a o d‘
qmmmu‘nmu"lﬂﬂﬂmn (microsome) voId L Tngdl NADPH, Lag9anElau aN1NN 8

a8 mauldsunlasges Inssadwvesnsinwaseare 15 s Torundiduenslugui
J
pongNs (Wodiua)

A1 wian deavail, 2531

[

aaa a a @ IS aaa &
1.5.2 Ufn5e1eongaiivadanadu (oxidative dealkylation) (JU1IRATeN%3

1 v A

d’ @ o o anaa ~a = S v a o 1
nquoanareniululnsion azgniitaeen lasl§asereendiaiiadanaasy 15w

Q

mMsneaimad lam 15N (dimethoate) tazwoavlinou (phosphamidon) aauaaslunini 9
[ [ < a ®.
wazeaiuuad 15y lalns Inwed (dicrotophos), 1810N#it® (OMPA) tazielwA3Y (azodrin”)

[ 4 4 [l 4
aaedalde ludn lutmsunun

AMNN 9 Myaargarveseaimal weavhiaouuas law Tsien

NV WA daveil, 2531
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aaa a Y S J . . . S
1.53 ﬂgﬂimaaﬂmﬂ%umm"lﬂamﬁaiﬁ (oxidation of thioethers) 1Wu
aaa @ { o W Aaaa Q 8 I $ []
Ugnsermsaateddrniianudriaglgnservie suiumsldsvesiwasilszinn
{ < I ) ]
o5 M IureauainilulsTedises Iitluansdanonlad (sulfoxides) trazaalvy (sulfones)

FU MIADIAIV09819 LA 1N15A (phorate) ALLEAIIUATNT 10

Hsczo\ //S(o)
2N
H,C,0 S-CH,-$-C,H,
Phorate
HG,0 50 H5C20\P,/ S(0)
H.C,07 “s-cH.-so H.c o’ s
52 2 _CZHS 5% —CH2-502_C2H‘_

AN 10 MITA1IAIVDIIHN LA TNI5H

AN : Wan aavail, 2531

[ F4
154 UfATesandu (reduction) 1fufaseniiiatunienn Aulfasen
pongatuvesls I Tudamloiuazifnier lelas laga drodrasu mafalinsoaandu
Tae 4o lanidanlasuntasnguluTasve s lseou (parathion) unguesiTu dauang

Tuani 11

~ Aaaa = [}
A 11 Ugnsemsnlasumlasenaimasmstlseou

AV WA aaveil, 2531
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Aaaa I~ aan { a 1 [ Aaaa
155 Ufnsenlalas lada (hydrolysis) inignseninfasunuignasernis
o 4 S aan yw 1
aaedrduumunnuu o lesin 14wl §nserdisinsendweanuna (phosphatase) 130019
=) A ~ A 1 I 9 aan
Fenauaeveasngnilasuuilad iy Wis1eenwBUIE (paraoxonase) 1WuAY  UPATEN

A o v

1 H 4
lolas lagalasou ol dudfasoidrdayiigalumsiildessmluremanuagnd

A 1

~ aan a A a dg‘ a 9 Y 1 1 A 4
Yz lul§aseimsnanyizinadu iwenguieanesagndie 1 Idunnquasu-ueanceea
Y
L aan (%3 1 3 5
(serine-alcohol group) Tutou ol InAutoeinoLsd (cholinesterase) UfnaeMIeDIdZUYIUUN
= ] o 4 [} [ 1
gniveseaiunatensn luleaaszgegaiiosaiuuaudngsenie nazvudeniolu
1 d‘ ] 1 a a d‘ o Y Q‘f ] d‘ !
sumelunmi bildemsinalalas lagainildnuagns wazersiwwaslunmingnuuda
4 < 4 <4 g ,
arsgnulasunlautlunmnesngningaeengns (site of action)
Aaaa % I aaa { o 1 a a
1.5.6 Un3o1mougndu (conjugation) iduilfnseriiirligmsinaas 13wy
=& oy 9 o w v O A Y =
yaazaerh lduazazgnivaesnnindainToazan 13 lune
d
a d
1.6 nalnmsesngnivesensiuuasilszinnessmineain
Y
[ v J
szuulszamlasduvvesdadidosgndtoun Usznoudieszunilszain
dIUNAN (central nervous system) LT zuvilseamaiutaie (peripheral nervous system)
v 4 o [ o Y A
sepuilszammaiunandsgnouaroaueias lvduvas svidiiiluszuunarelunis
. . Y Jd o Y o 1
WAUNEU (integration) Iagldaqilszamituiudugwas diuszuulsemmaiudae
1 a o i o {
UsgnoudeszuDges Ao sz UL Twu1AA (somatic system) Fuduszuuniminiaiuguns
A o o y A v 2 v
wnaeu lna Taslinisiiuvesndniloaussnoun1snszquUIINTIIARON HAZTZU
1 Y
UszamoaTuiid (autonomic nervous system) FIAIUANMTIHIIUVBINAMITDD Tzn10]U
1 1 Y 1 9 Q’f 2 Q’ =) 1
nazApNA1eY s2UUHgNAIuAN TRz DUGRsARITTUUF0RNg NEATIT A ULAz FaliEan Ta)
v W Yy . [} [ 1 9 1 a a .
#11130179A0 14 (involuntary) szvvVERERIna1 IdUA SYUVYTE @ MFUUUTAR (sympathetic
nervous system) UAZIZUUNIIFULUTAA (parasympathetic nervous system)
a a Y 1 . (] [ 1
szvugulusanlszneualei]uilszain (ganglia) vualvuginenusguen
1 1 I 1 o 1 1 ] 1 a o~ 1T A
sruvilsgamaiunans nieenituegie Tasdgyyiaazadriureadeguuuldnegusnm
Yulszam (synaptic gaps) Inodoinliozdaan Inau idulszamlugideninauesaiunais
ndajulseamdususenindulszamuonsounouiluilsean (preganglionic  axon)
H 4
idudsgamlugasiaeiniuiszaimlddeedons 1vu ndunilenieden 15usonan
y . o 44 a4 _
iduilszamuensauradl]uilszaim (postganglionic axon) HIFOIANLDATULAY (adrenaline)
A o s a . I A o 1 ] 1 1 a o [ 9 Ay
WIDUDIUDATULAY (noradenaline) 1T uasdodyn adsiIuresIguuuld lddsnduile

A 1 Y J d' 1 A o d! aldi =\ an = !
NI0N0N (INIUADNLVINDLUATADULDATUR (adrenals) %Qi%ﬁ@!ﬂﬂ@%“ﬁ@]ﬁﬂﬂﬁﬂ) aIUTEUU
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a a =~ 1 < 1 Vo [l [ [l
wingulusanzivmnevesijulszamanniinizneeging llludiuaieg  veesane
1 Y] 9 @ J 2L o Y 9 v 1 qa.:
AUNNTNNUNIIAUYNYBIDTBIzaANY  dei liiduilszamueavsounauilssamduy
T a Aa A A qgj 1 YR I aa =
A szVVMNNFVUsAAL s TSz amTeneutaznaajulszamiluesshanaau
A19619MINILANFIATIN UL LT T VDS UsARLazNITIFuLUEAR 15U
szuugnlusaailiinanisisansduveainle nsaanmsnden lviveaniuaue1ns
d’ ] qﬂ// a‘z g} d‘ a a o Y 9 Y
MInINIUM Msvgadimsrasitae Tuvasiszuumnguilusaailnmaduvesinle
9 A A a I Y A A = Aaa = o Y A
H1ag iumsndeu lviveanaduers Wudu lumshdemniiesdaaneauaziminnlu
d‘ [ 9}3 d‘ =\ an = & o = 1 4 9 Y A A
m3dedyana laiu Foniiozsaaneaudiianiuniiegluninedmesszdosgniie lidu
A o Y = [ < £ £ d? "o W
nyegni lvnuagniaimelunadusiaGisseznaImiy FWUIAUANHULIANIZVD
1 Q‘{ [l dy d’ 1 =\ o’d! =) 1 o
HraeengNs ludluveuralayiietovos1an1e e u lyidaSendteu lal
an = . =) J an = Y
9T TANDAUDAMNOLTH (acetylcholinesterase W38 AChE) @150 lalas ladezshaneaulv
3 = aa ' & A QG’S/ 4 an s A oaj
Wuaeduaznsaezgaanunassaligniauen laisz Faanedueametsanounivua
Q‘{ [ 09/’ o 4 Aana Y
pongNT lnensdudinsianuveseu lniessaanedueamelsdail
[ 4 Qd [ ua.l} o
graiuuastszianeasmlueanvzeengns lag ldudanisiiauves
4 ana = 1% ~ QBJ} o v (%
o lsiozdaanedwoamosa danaadlunmi 12 Taeluduusmeulwdosduiy
o a ~ @
msszneveasm lureaalumwvetsansilseneuasounausadoundy 1a (reversible
qa.: J = 4 ' .
complex) ntiuou ladazgnoaneSian (phosphorylated) 1d21/dos  (leaving  group)
. - y 2
asidszneveesmilunema e luduaouiiszldszozinaruiu nazludugaiions
a Aaaa 4 aa = 4 :/I
ez lalas lagaldionlsies 3aaneduedmesauazoava tosninluduaon
1 dy 9 a aan o Y a aa = d‘a 4
mai lgszeznannulumsnalgnse MmlnRansaauvesozsaaneaunduunldves
Y v Y
duilszem daiudeihldifansnszquilaelssemiiviiuediann lunsaigunssg il

A AAa KR 1aa v
ﬁﬂn%ﬂﬁﬂﬂl!ﬂﬂﬂﬁqﬂ (PCITy et (ll., 1998)

ENZYME-OH + X-P(O)(OR;) —» [ENXYME—-OH---X—-P(O)(OR);]

| =

ENZYME—O—P(O) (OR);

HO-P(O) (OR)2 ENZYME—O—-P(O)(OR)}OH)

A o o o o @
MNAN 12 ﬂ15fl‘]JfNﬂ"ITV”QTL!"Uf’NLﬂuIl“]ﬁJLf’JﬁW]’f]L'iﬁIﬂﬂﬁTﬁﬂigﬂﬂﬂﬂﬂiﬂTIuV\lﬂﬁlwﬁ

41 : Perry et al., 1998
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a ] Jd
1.7 owmsnyvesensnunaslsznneasmiunoaia
1.7.1 21MSUVUNAAITHUA (muscarinic signs and symptoms) ﬂﬂ%ﬂﬁnﬁﬁ
v Y
@A131A (muscarinic receptors) d1MiUdzFAaneaunudIulvaind ooy vialuay
1 s d' a dgl A d' d' 9 =) 9 a cy d'
aoulinoemMinmnavuluszezusnae 1Weo111s aau'ld e1Reu Noudu a1 lva mloesn
Y
[l @ [ @ [l 1 < ~
umradl meganszuazilaang Iaenaulieg maniwesnasaay viasaauiiionuas
I
wuvizann udu
Y Y
1.7.2 1M35UUUH 1AAUA (nicotinic signs and symptoms) 8IMITUUVILAATY
d' Aan = ~ 4 A A 4
1H09NMT AL ANV FAaneduNUaelssamuawmesuazisuuuldussszuulszan
[ vAa A a dgl A Y dil Y 1 a A 9 dil ~ 9
oa Tuiia e1msMAATUABNAINHBYNNIZAULINATINA UMINTEANVOINA T NHIN
Y Y Y 1
W91 AU 819115 FUNTITUITHUIINTLANNINTUNITING AONITIILTDIN1TOOUNAY
y &£ o A & o y & A
amnamiton 1l waziailudumavesnduniioluiiga
1.7.3 91019 N 9@ U0 1519931nANAnlnAvesszuulszamaIunaia
d’ 9 12 A = [ 1 A' ] 4 U 1
pimsinulaun Jufsue  Uaafsue 99 uagnszdunszais Auanledie o15uaingana Iy
Y ) NERK Aa = ¥ A
MeIMsuIneFnuaziuada Id fiheiiieimsjunsannersdeme ldiiesnnszuunmela
v S \ = a4 uy oo v &K <
AUAA (respiratory failure) Feo1analu lavinvassan@uay nauievesszuumelaluy
[ 4 o { [l 1Y)
puwIa tazguamsaruaumsniely luauesngaiiau Tusteniionns ligunsanineinms
dd? ] [ [ = (=) I~ a =1
vzfvu 1y 2-3 Ju uavzoowmas Tutusuilunaiuiu (nain davadd, 2531)
d Al
1.8 wWansznuvasenauNaslszaneasmiuneannedunaden
I g { g/} [
Uszma Inelulsemmnyasnssuinunnivuadszanm 320 au'ls
v a A ad A P '
Yszmnsdszunadosaz 70 Hodwnumsinyas uazlinuimzdgniseinm 128 dwls

a Y

4 u’j Il 4 g ) @
iesnndszmalneaseglumvaguigas giiomasoudu duanyn Ianuminzandmiu

Y
9 v

{ 1 A ' o a a [ 2
TsauazunasNazunsvereius lase19a neriauazdSua msud luilgmidagnsnl §iia
A

[

nuagadlaunsvateluilegiiuveunyasns Ao msldastlesiunaziidadagiy
=

Tunmstleatuuazimdalsa uuaazdsny v lduuur Tdumsiuinasiesduimdadag iy

u

d?’ =) o w Aa Y v A a o ¥ a
gaaunnt mstvauvasidenldiuunnlulszmalne Tastidsuaniudrgega 10 silausn

113] w.#. 2530 aquanaluaisian 2
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A A o w o 9 ~ AA a a
A1TNN 2 5']EJGBfJﬁ'Iiﬂ'ﬁ]ﬂluJa\clu'lmnsluﬂ W.A. 2530 1/]3J1J§3J’]mq3’q¢l 10 YUALTN

YN : WA NI, 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 71077 271
10. Ethyl parathion 174 038 34 131 532
Other (58 types) 1 821361 207 920359
Total 6673295 764 937 381

d‘ (% (% o o [ A Y Q‘ 9 3 a Y a d?

'ﬂfg‘HHﬂEJ’Jﬂ‘iJﬁﬁ‘ﬁi’)x‘]ﬂi!ﬂT%ﬂﬁﬂZW%@ﬂﬂNGl.LIfNL!’Jﬂﬁ@i\luuullmﬂﬂsllu
Y v

A Aaan 4

9 9 ]
mw13wuwmmﬂ%’mimmﬁzmﬁu Llﬂﬁ1M1iﬂLLWiﬂi$ﬂ18llﬁ$ﬁﬂ?S'I}Nﬁlu‘Uﬁnﬂ‘!ﬂ’JNlla“dﬁ\i

Ao lvinatlanaunadeuauuisuainasnyana e luauuas AUNYHaIINMT AN UL

5

mamsagaudun i vaufansznelunssems wazunauduasldluau danlng
Y 9 9 E4
vrgndurzudaiam ludmimihau lnaasgura ai axmivezimamsareneadisivaril
1 1 1 9 IQ' ==Y 1 1
HIuH e sidngaelisina e ae 1
1.8.1 m3unsnszaevesdsileenuidadagisluan

A

A qszl 1 1y 9 v o v w
Glumimwﬂ@,ﬂwmuu Lﬂ‘]&l@]iﬂiﬁ?ﬂiﬂ@ﬁ@\?i‘]ﬁﬁTiﬂﬂﬂﬂuﬂﬁ]ﬂﬁ@]iW‘H

U

e

a

qu 1 AA o w J < A a K o 1 o 1
ﬂﬂﬂﬂuﬂ’gﬂ vauzNnymMaua lauaznoumsnuned aududunrassessuasivalil

o w [ =

dy [ a o a 9 9 A P4 o
Tﬂﬁl@li\i u@ﬂﬂ'lﬂuﬁ'l‘iﬂ'ﬁ)\‘iﬂuﬂﬁ]ﬂﬁ@‘iw%ﬂ'l\?%uﬂ‘(’NuleISl,G]fGI,uf]'lﬂ'l‘i’UWULif]u@’)EWﬂGl,W

u

e

2K A v A A

d' U dy a A d? [ o w Y L] a =1
Tomanmsmariisgazanlududadivingaddu mstlestuiiadagisiandsedluaueiad
malasuuilad ) luvarednyae 1aun

1.8.1.1  msyaa1ead Iaglnsenmiaunll (chemical decomposition)

1.8.12  mMyda19a1 lasias (photodegradation)
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o a L
1.8.1.3  msaa1edd lnegnyaun3dgesaals (microbial degradation)
1.8.1.4  MITLMINNAUGTUITOINA (volatilization)
) 9
1.8.1.5  mandeudielilgunaqiii (movement into water)

1A AAAa

1.8.1.6  msngaeiiaig (plant or organism uptake)

u

= a Y 7 o v w A
%1ﬂﬂ1§ﬁﬂ‘]&l”I‘]JillTiuﬁ”liG]ﬂﬂN51]6QﬁWiﬁ@QﬂuLLaxﬂﬁ]ﬂﬁ@EW%Iu
9

UszimstIng asrawvensanaludueguiniidanazlsa nszare llawaunsasnssy

a9 Mszmna aaaglunisiean 3

{ Y] a a I~ 1
M319N 3 sedumsivanmalszianess miureamlalududly ppm (mgke) MALKET
INHATNTTUMUTEmNa §1509002 A2 HaTE 19T WA, 2530-2531

N1 : wIaA3 NN, 2533

Organophosphate | No. of positive % of positive Concentration (ppm)
pesticide sample sample Range Average
Dimethoate 31 10.26 tr—0.051 0.016
Diazinon 49 63.64 tr = 0.054 0.010
Methyl parathion 59 76.62 tr —0.475 0.023
Malathion 10 12.99 tr — 0.009 0.004
Parathion 26 33.77 tr—0.018 0.005

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

9 2
1.82 m3sunsnszanevesanstlosnuidadagisluuauihmsduilouves
(% o v o A ' 3’ o’j v 1 dy
asdestudadagialunrdniniumnnnrarsaungaseae liil
9
182.1  msaanumsilesiutdadagivasguraniilaonss
[ a g’ 1 Y a 1 dy Aaa 9
1822 manaszauvesdunazih vatmihauduiunntinig 19

9
mstlosnuivadagisnouasgunaciin
Y

4 1
1823 mssznehnenntuseunas Issaugadvnssuildans

Yy

Y
Hosrusdadagiivasguraairlaed 1dissiamstlostuiiadagile

[ =) 1

9 H
1824  minnieamsuziussyastesiuiiadagivacg
Y
unaan
4 H
1825  milastesiuivadagisluninaiuimsmuasindiu

9
Hraatii
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dmsulszmelne Imsastvaeursianazlsuiaasnyanaralu
v S W v o - o
uvaarina Iuazuvani lundasnsasnssuinadseme Tl wer. 2530-2531 $1u9u 149
[y 1 1 4 a U dydl d' A
A20819 nua1sngueosn lureaiva 3 ¥iia Taga1slunguidnwunnigaao
wnFams lseaunnutuTU 0.68 ppb Aaaaslumsiei 4
9 Y
UBNMINUIINNIATINIATIZH AN TREAnA 1 I uAUAZNEUNLKMAITI
1 Q'J o (% ] 9 1 4 a 9 1
A9 Mlsznd $wau 71 @29619 asnumsananguessm Iuneda 5 wiia ldun

TawnIsen, laozdusy, wniaws lsesy, a1 lseouuazwis lsesu

1 9 Y v
AMINN 4 seduasneandlszinnessmlureaalusioinurasimall wazuvas
| o a 4 1 =
NBATNTTUYU ppb (ug/l) 15902 AATITHRATLHINT W.A. 2530-2531

AW : WIAAT NEINYT, 2533

Organophosphate No. of positive % of positive ppb (ug/1)
pesticide sample sample Range Average
Dimethoate 1 0.67 tr-0.06 0.06
Diazinon 4 2.68 tr-0.28 0.15
Methyl parathion 5 3.36 tr-068 ND
Matathion 0 0 ND ND
Parathion 0 0 ND ND
Total 149 samples ND = Non detectable  tr = trace (less than 0.01 ppb)

o v o A
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2. IInsam lseeu (Methyl Parathion)
2.1 miﬁaéé’nymwagqmauﬁﬁ (Identification and Properties)
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2.3 mmnﬂuﬁyﬁaé’ﬂiémgnﬁwuu (Mammalian Toxicity)
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EhE Keprasertsup, 1995
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111 : aandas91n 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 WANITNUADEINTINIUTIIAAN (Effects on  Organisms in  the
Environment)
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v A
apans Uamzianazdanihvadiulng a1 Le,, oglusie 6-25 Haaniuaedns aaiunis
1 Y v Y
vanideamsaavuwnians Iseoulndunanir wu vuenir wiih nazngeawluanig

A o Y] a 1 o I =\ = 9 Aa va
NUAVLIN mw5‘uwaﬂsz‘mJmaammawwﬂﬁaaumamﬂﬂ llﬂ"liﬁﬂielﬂuﬂﬂﬂﬂg]ﬂ@ﬂﬁ

' a 1 I a 1 1 a
nununsams lseoulimanuiluisaounlunimyesst LD,, (lethal dose Av 15w

v 1]
a Ja Ada AKX

A A 9 1 gl o A Aaa ~ o R~ P 9 ]
asiynlgaeiminvesdailsianin ldaadsIananyianas 50 nlesigud) nlvineihned
Y
1ug19 3-8 Haanfuaen lansuvenimiings dwmsullszmalne nsudnmsinuas IaansN
A 9 o o ' 3 o ' o 9 ) Ao o '
dsnvanaludnuazrald Tasguinudledisdnuazna 18 TunoanIanian 199 195U
1 =y =} S 9 a Jd a a
uATUTY 819M99 UUNYI Unusitvazrays Wuau 1aazvsiatazlsmnavesas
9 a 1 2}1 "o ] Aa a’qs/l = a 9 [} dy
AN TUHAANAIM AT UNU A I08 19N UATITHNIH VAT AT NHANA VD81 N adl Wl ou
Y v v Y
agilszinmioons 75 voaR0g 19N LA aanaadlun1sed 6 naga13 i 7 uenaindidanu i
@ [} 9 A o a 7Y @ L] ua/‘ A A a a
ludegaduniinudnsizisesay 12.8 vodd108199Mua Jisuanunsanislsesnu
1 v Ao Y A (a a [~ 9 @ 1 oazl
manudasadensdimua’ld @S 02 ppm) Aefudesar 1.4 vesdledeaviua

(ﬂiiﬁﬂﬂﬂﬁlﬂ]&lﬁi, 2538)

AT 6 TTUIUAIDINVDINALAZHA IINATIINLEITAHANA

AW : NTUIRNSINEAT, 2538

Commodity No. of samples Samples found
analysed No. (%)
Grape 156 139 89.1
Tangerine 70 51 72.8
Brassica 15 5 333
Cabbage 123 51 41.5
Cauliflower 12 4 333
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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A a a a Y A o 9/
AT NAIN 7 GHUQLLagﬂSN']m”U@Qﬁ'ﬁWHﬁﬂﬂ?\?ﬂﬁﬁ?‘ﬂWﬂiuNﬂllﬁgwaqﬂJ

U : PFNIFINMTINEAT, 2538

Commodity Pesticide Range of Total Total Codex MRL
(No. of samples analyzed) residue (ppm) | found | violations (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
IN51891UNITIV8 TULIA1N9 vouunsan1s1lsesn vzdiuldn

a I~ [ o a & AA I a
wnFams seowtugrainnuasilszinnoosn Tudeawasianilanianiunyga
asasuriulina milauaznmsniela vinlasuludsuaninerei lfidesiala

[ < 1 @ a [
pd19 lsnamudinlszmaausgomsnuazdszmalunquanaiwg s 1dUsemadnld

1 a dy dy ~ Y [ 0o v w qg/l v A
gauyaariat lununmsnsasudfaiuua ludszmamdanansmnalsemea Inedal

9 [l a dy 1 1 = o d 1 A A 9 = a1
M3 1Fenainuuasriatiognauniviais 3alanusnilusgrsginazdosdnunisoesaaeas

dy a A Aa A [~/ [ A 9
aﬂﬂﬁﬂulﬂ’ﬂu"ll’é]\‘llﬂJ“miaWWiWhl‘ﬁfJ’é)u“l/liJﬂi$ﬁﬂ‘ﬁﬂW‘I?Nﬁ@LLﬁ%ulllL‘]JU’EJHGI'H'WEIGI’E)ENLL’J@Q@M

Fa35msdesaarsnainasdisydunismiuiiitidszanamygaga siagnitgauas 1
Husuasodedunaden (Munnecke ef al, 1974) S umsAnyINsIaAtEEAIAZITHER
wenusanitou lafveduiiamisadesaatvesiumasuniamstlseeu uazeshuuas
¥iiadne °1uﬂicjma§ﬂﬂm\|amw@“lméf‘:aiﬁuw?é]'%qLﬂummiﬁugmgﬁaﬁﬂﬂﬂizqﬂssﬂ%”lu

mamiulszansmmmsmdaasienneauuasldunadouas 1

3. WeuuahiSe Burkholderia cepacia Na3sadesaaiseanuuauuntanI lseon

(Keprasertsup et al., 2001)

a A

g A awv dyd = {
1WoUUANIS Y Burkholderia cepacia N1¥luaudteiiiluuuniiSendonaadunsy

~ 1 I 1 Ao s = < 9 a a
avinwsadluneu Talatilanyaz a1 NULE YL@ AdMToIMAlumMssw mula

9
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. . Y [ aaa a . ..
(aerobic  bacteria) uaziwwamﬂﬂuﬂgﬂimaaﬂmmauazﬂzmmﬁ(ox1dase-pos1t1ve and

catalase-positive)

9 Y ]
v A A =

Y v
WonuanGedtiwen ldannuninyasnssuluaadadu 1y19019n0n 108
a a Sld' a 9 =\ =\ vAa
NTINNEMIUAS dnsosyanTa ldNgungiiies (2612 esrusaidon) tazlinaauiialy
1 9 ] a I 1 4 = U =
msdgesaalouas l¥esiuuauunianilseewiduuvasmsusuneanvaudasdr luns
A a dy A A ] dy [ ] Aa I
wiyaula TaoouuniiSeaafiagdosaatseraiiuuauunsanisilseoutiu
Y Y Y
w1 luTasWuea wenanildiansodesaarswiar lulasiuoass lU'1d0nd218 m31aeure
a dy dy A 9 1 Ao & . . A A
yiatvzaesluem1snlsznouarons51gNsuilu (basal mineral medium, BMM) %l
a 9y 9 [ 1T A Aaa dy S A ]
wnFama lseeuanududy 50 lulasnsudolanans lageuuanGeszaIusodosaaly
1 14 o % Y d" dy ~ = A A
gaiuad ldvuanielunal 12-18 ¥ 1ue duneldanems@eusenalasuanddeidu
I 1 P ] a I
wiaeuiludunyulesou lainlddesaaemmnianisIseomilu membrane bound waziinig
' Y Y Y
HAAIDDNLUVIMILEI UBAINTIFOLUANS oA daa1NITngpeaatsuIat 5o uLaY
Y

a [

& g ' ' P [V ] A 2R Adou A
ulﬂ!JJT‘ﬁL@VI“D'QHJUfJ”IGJJNILL‘JJa\jGluﬂqu@@iﬂ'liuwaﬁlwglulﬂ@ﬂﬂaﬂ IHONYTINULBDAIAUNTYAIUY

Q

Lo

a a Y g { ] 1 yd J 4 1
aunsonsyauIaluemsteusentoaiuuaunartilunrasms vewiioaaudon la

9
o2 < an
Mluomsudaaze1nisivan (!ﬂ‘]&laTJﬁﬁm JINTIFNIT UDTAUL, 2543)

[ Y

s o o
4. 1BNUMIVPNNLIToANLINUMsANYIgAUNSININIDdRITLNAINE

o o A %} 1 & A 1 ' o Y a Y
‘]_Iﬂfg‘lluilﬂ’]ﬁi%ﬂ’]m’]iluaﬂiuwumLﬂ‘klﬂﬁﬂiﬁll’ﬂﬂ’]\ﬂlWﬁﬁﬁ’]ﬂ 1’]1ﬁlﬁlﬂﬂﬂ'ﬁ@ﬂﬂ1\1
£

1 I @ VoA 9 2R A = an 1 1 Y
VOIUNMNAIFUTUOUATIIADTIULINA0N JINNITANYIITNITI0IA Q101N ILNAIAY

A I

a 4 4 a 1 a 4
aunseo (microbial degradation) Lﬁ’fNﬁ]Tﬂ%qﬁ‘l!“l/l'ifJiJﬂ’J"Iil?ﬂll']ii]nluﬂ']iﬂ@ﬂﬁaWﬂﬁ"lﬁﬂuW?ﬂ

oD

A199) WA mziulanuranaielunszuIumMINaUeaTuas IaNNa T lus
Usudrldnnuaaunedeunuandisesn l1d
=~ = dy S A
13l a9 1973 T50NUMTUEAEBUUATIS 8 Bacillus sp. Uag Pseudomonas sp. 910
A A oy 1 A A ' =& dy o A A o a '
AUNITINIVNT 1NN AINITIITODY FUFDNIUUANIST NI 2 ¥HATIWITDg0sT AN
1 1 3 I~ ~ [}
w151 150Ul Taewua Bacillus sp. zdosaaisnst lulasiiueasuiunailavinmsdes
Y I ! ~ A 1 9
garewist lseou Ialulumsa auuuaiiSe Pseudomonas sp. vzdasaatsnistlsesu'ld
& o \ &
Wu wis1TulasWuea antiuszeesaaronisilulasdluealdtduluiasa

(Siddaramappa et al., 1973)
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= =~ = 1 ]
Tuil a.a. 1974 fin1sAnyINITdoodaIo 19 1uNaINIT1 1500 ULDY
= 9 & A A A Y a Aa Y '
s luTasiluealuomismanTaglddouuniiGenuen lavinauninis lseeunndiveg
=4 1 dy a A 1 P 1 ] 1
nMsAnEINUINFenuafis e mITodosaalon1s Isoou 1da ua bimwisndesdais
& o J 1
31 luTasWueasailuwear Tulanveanisr Iseeude 1118 (Munnecke ez al., 1974)
dal =~ = dy IS a d' 1
wennnilull a.d. 1977 I51s0umsnenFouuanize 2 ¥ia NaW150dosaaly
g 1 [ a 4 [ a
s lseouuazmia lulasiusanniuitnuasnssulusgunaresiiie Usamaaniyowsm
Ay Aa A YA = ] ) J
TaewouuniiGonuen 1dne Pseudomonas stutzeri B30 MNT0808TA 0N I500UA DU a5
{ 1 4 : H
Nlasgoonuoniyas (extracellular enzyme) 140 Pseudomonas aeruginosa ¥IeNI50000TA1Y
31 luTasueaus liausodesaarenistlsesn 1d (Daughton and Hsieh, 1977)
1 = YA Y o dy A 9 Y = 1 g dy A A
aoulull a.a. 1982 latidingeuuaiGod wAnandnyinuiniuronuniise

] o { 1 .
Pseudomonas diminuta azmMsniauveaeu lsindesaarenisi lseau (parathion hydrolase)

£
~

u%gﬂﬁ%}Ni}mWZﬂﬁﬁﬂﬁ%’ﬂﬁ pCS1 (Serdar ef al., 1982)

Tui) a.4. 1986 518915 ANEIBUAAINIT0g0oTR 19I5 AN
paims TueamlafidodueosnTurleaafing nd (organophosphate-degrading  gene:
opd) finsnsialtion lefeesnm TueaaleTasias (oreansphosphate hydrolase; OPH) Tas
FOULATNGY Flavobacterium sp. ATCC 27551 Tﬂaﬂuumaﬂuuwmammum 43 kb WuN
druiilanumiloudu (homology)  fuduesin Tudemadnsuaduly Pseudomonas

o w

d'qu l a i a J
diminuta  NANBDYUVUNAITNAVUIA 66 kb (Mulbry et al., 1986)Llaglﬁﬂﬂlﬂ‘i1$ﬁﬁ1@‘u

Y Y b4 Y 4
%

a = 4 ~ dy A % a o 1 ' o @ A = s A A A
1708 1o InAvesduiinnens 2 ¥iadinan nuNa1auiing le Inavesduiiveauterisass
Ao UNY (Harper ef al., 1988)
11l a6, 1987 H5reumsSeuisudnyazveanaaianmvuasialioun
v @ &
a31ueu lmini 1seeulalasiaaninde Pseudomonas diminuta wWae Flavobacterium sp. 18
9 .. a dy - A 3 a I o ~ )=} dy
115 1% restriction maps YeIWa@NANNFILUATG oY 2 sHAuANSeuNey Taoiye
9
Pseudomonas ~ diminuta  UWaeia pPDL2 4U14 39 Alalwauazi¥e Flavobacterium sp.
k4 [
Iwarada pCMS1 vu1a 70 dlawe  Tagwaiaiane 2 Jaunianumileunulugis
1 [ 4 a 1 a 1 [ {
upstream Y0I8IUBUINHY3ZUW 2.6 N Tarauaz 1us19 downstream 1.7 A larua ue luaiun

A dy =Sl A =} %
u’oﬂmuemﬂu"lwmummmmmuﬂu (Mulbry et al., 1987)
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Y v
1) .91, 1988 W31891UMTUNFO Pseudomonas sp. NANMNTDIOIAA O LNAY
a A FY ' Ao d ' dy A A A Y
wiaws lseouainemisidszneuarenssignduilu TaenuiudeuvuniiGenuenla
] a 9 v ] 9 a I U o
dsadesaarswnianis lseou laua liawnseldwniamn lseowiunmasmsveu
~ 1A a a 9 dyw 1 ; v csycs o w
oeuvaudodlunsnsaanTa ld wenanfidanuiuse Pseudomonas sp.  fatilig1a
a = S A ¥ @ o @ A = J A A J = o
Hadle Inantanumileususudrduiiinale Inavesdusueesm Iureavafins uadu
{ Y
V0N Pseudomonas diminuta Wag Flavobacterium sp. AUMIANRINAD (Chaudhry et al., 1988)
1 = = =2 @ . . o
aoulull a.¢. 1989 iMsANyIAMANYUY (characterization) Yoo lyiNamIT0
Y
1 o @ 4
gouaa1eW151 1500UNNFOUUANISY Flavobacterium sp. 31U 3 EoWUT AD ATCC 27551,
1 4 dy == 05/} L= [ ™ A o v A
Bl uaz SC wuinou ladveudornuniGens 3 enewuginuanyuzna liimiiounu uaile
) A v v A 4 =) o Yo o A = 4
WnageuaNurleununuduessn Iuneaadnsuaru Taelddrauiinale lnaves
= J =S o I o 1A
guoasnm IuodmafnsuasuIn ATCC 27551 111UAI9M 529 (probe) WUBU
4 = ] dy A A z @ o’d’l 1 A @
posn1slunemadnsnaduveuFouuaiTone 3 aroiugi luliannuviouny
(Mulbry and Karns, 1989)
~ = = 1 = dy S A
Tudl A.7. 1991 IiM3ANY pathway Msdeeaatenst lulasilueaveauseuuaiise
v dy ==t = J 9 =1 I 1 o ~
Moraxella sp. Wudn¥euvaiseyiatiamise g lulasiusadluavaimsveuiiies
1A Aa a [ 3 J
uraudrlunmsnsgpaule tazauisodosaatonstiulasiuoa ldidululasinas
N . Y 4 . e . & J d a
laTasa3Tuu (hydroquinone) A28tew 193] p-nitrophenol oxidizing enzyme Fa1lutou lasiytia
membrane bound (Spain and Gibson, 1991)
e ~ = = L a ada '
wenainil 1wl a.a. 1993 U waIumsAnyUFeaUNITINAINITDI0ETAY
[l 1 4 [] ] 1 4 1 4
oraiuualungudu 1y o1 uaslunguAIsuILN (carbamate)  TagWUI DU s3]
£ g q 1 di’ A A
carbamyl  hydrolase cmuJmau‘l%uiuﬂqmaammsa (esterase) YDIUYDLUUANLTY
[l ] 1 4 1
Blastobactor sp. M501 @nsadesaatvenaiuuadlunguaiiununld uazmsdoesaais
1 4 a § 1 1 4 g
AN WNAIAITUITA (carbaryl)  F90g IUNGUAISUNUNVOUYD Arthobacter sp.  RC100
4 [
vwnevesdunanaiia 2 ¥ilafe pRCI 1ag pRC2 (Hayatsu et al., 1993)
o Y A 14
1ud) a.7. 1996 H51091umMs InauazmMsiidauiing 1o Inavestu opaA ¥09
dy A A d‘ L] 4
¥OUUANISY deromonas sp. JD6.5 Nausadesaateaslsenevdszanooinm Iuroana
o w A s [ o v A J 4
udnfSeuisuddutiangle Inavestu opea dudrutiangle IndvesessmIluneauln-
v 2
AnsuAFUVOUFOUUANS Y Pseudomonas diminuta MG Uag Flavobacterium sp. ATCC 27551

' o v A = s ~ og.l' 1= A [y
wmwmﬂumm%"lmmmﬂumﬁmllmmmmmuﬂu (Cheng et al., 1996)
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= = = & @ A A A 9 o
1 a.#. 1998 Us1091UMT lAAUEY phnE  tag glpT  Fududuithedrtesnuns
A9R1U (transport) Eﬂ%‘u'miJaQllﬂhlﬂicﬁTWiﬁaWQ@ﬂTiW@mWﬂ (diisopropyl fluorophosphate)
Y 9 Y 9
YOUFO Eschericia coli K-12 TagWuNouna 2 sl 191%e Eschericia coli K-12 813150
Y
gooaaveaiunalalo Ty Tnsiagoo IsWoama lARTY (Elashvili et al., 1998) wazdu phn
k2 v
YOO Burkholderia sp. RP007 Nasngosaaly polycyclic aromatic hydrocarbon (PAH) il
o v A = s 1 o A A [l 9 .
Sevianale Inanuanarandudunainisodesaats PAH 18 (Laurie and Jones, 1999)
~ = [ Ay a =4 a =
11 A4, 1999 H31BNUMIAABNIFOIAUNTINNAY ATNIANY Pseudomonas
sp. A3 VINAW WUN Pseudomonas sp. A3 annsagesgargunsaniiilseoy, uailseeu,
% { a I 1
monocrotophos 1% diazinon ¥4 Pseudomonas sp. A3 vilasumnianisi lseeuldidunvas
Pl o A Y, a a . .
yoamsvoutazeaneimneldlumsninu@ula (Ramanathan and Lalithakumari, 1999)
Y
143 a9, 2000 HI1WNUMTAUNVIY® Burkholderia  cepacia  sp.  NF100 %
[l [l a 9 I~ [l a
anwenusalumsdesaarsensinuuauliilng 1580U (fenitrothion) Fuiluensiuasriia
= U 4 09/} a 9 [ a a A
nitdlunquoeeiniTuealaivifedrvesdunaraiia 2 AR pNFl Hag pNF2
(Hayatsu et al., 2000)
) = ~ & . A '
aoun U .9, 2001 TSWNUMSUENTD Plesiomonas sp. M6 eI 0808dA 1067
' a 9 = o 1 dyd A [} 1
ghuyasumsan seeu lanlumis lulasviuea taziinmstassunaunsogseaaigenai
A v a . vA A A = o
uyaaunians1 1seoudremaiia shoteun cloning 1¥¥e8uiiiuunsanis1 Iseouansuady
[ [l < 1 =1 o dy [] [l
(methyl parathion degradation; mpd) i@eend lspamunyINuuAREedT liawsadesaats
51 T TnsHueane 1114 (Zhongli et al, 2001)

a

2 A o dyd v dy A 1
°1u1Jmsr;ﬂuumwqmmiﬂmwmﬂfai}amn5sﬁ]1mmmmymmm“luﬂazma"lm

2 1 { ~

o A dy a Ao & =4 12
Tagmsihauainmanyas hhidedluemsilszneudisussighduiluniing Taauas il
Y
(% a a oI 1
nglna nazemisnedesyiasziiunians lseewdludiuilszney 1inmsnaassdunse
Y = Y ' Ao & Ay 1a
AQUYN Burkholderia  cepacia 000NN NszNRUAIBNITIASUTUN luling Tae
1 A . I AA A v a P dy
WU Burkholderia  cepacia iJunuafiizeiamnsodosdaisunsansl lseou 1aa uazie
a dy a ~ Y 1 Ao & Aaa 1 '
iAoy luemisnlszneuatensngninuniiieyeglusie 4-8 nazaiu
Y A 73 & A o A a ' A
[WUYUVBUNED 0-3.5 1Wlesitud Weimanaasuiinlsnung Iadasluomsnunnsiiy
Ysurunglaalifinalunmisiiuaniuaivisalunisdesiunianisilseou

(Keprasertsup et al., 2001)
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1 o Q'I g
1udl a.¢1. 2002 T5100uBuees M luemafns uATULD (opdA)  VBUFD
~ 1 ] 4 =1
Agrobacterium  radiobactor P230 N@MNsngosda1seIaNalszinnoasm Iuoaall
o @ A =) s Y v A 4 =\ o dil A A
Mauiiang e lnaadrenuduessn luneaadnsa¥uvessouuniise Brevundimonas
Y
diminuta MG (Pseudomonas diminuta MG) UAZIFBUUANIS Y Flavobacterium sp. ATCC 27551
' Pl s { s
uatoulafoasmlureaialalasaaio (opda)  AgnasielasdusesmIuveaiia-
o'/ 4 [ 4 a 1 4
ansuarueannselalas lageahuuaalsznnessmIuoama ldnaresiianien Lo
s { ™ o M
poim ludedidalalasiaaignooeasidainduessnilureaiiadnsaduy
(Horne et al., 2002)
1udl a.¢1. 2002 T51801UMIAALEnLUATIS esTiarileeenaINAUAnYINTO LA
a 1 A A a dy 1 a Y L4
Tsenuwaneaiwas TasnuaiiGeytaiianniodosaaiomnianis Isoou ldod19auysal
1 v
uaziedwunsiaveuAE sl NG 1USININ Pseudomonas  sp.WBC-3 uaiiise
v
yilatilinnuanniolumsdesdatswnianisi lseeuluanududugede 800 iaansuso
a dy A 9 9 =R A A o 1A A
a5 1o IMTNUF LA TNTORYAMINATUNIU JADN 2000 Hadnsuaeans ITue 1M1l
a sd o iy s g ' \ A
nglaaSum 0.1 Woesidua nazuennntuuanGerialidiasogosaaIsen U9
1 o a
TunguesimTuneaulatayasisznoves 15i@n (aromatic) (Chen Y e al., 2002)
= ~ 4 4
1l @, 2002 151890183 1¥N52UIUNT DNA  shuffling  tieers1arew Tasd
o ~ 1 a Qldd? o A
posmIuealalalasieanainisodesaaraunianisilseon lanuy Tagn151idu
4 = o o . P Y 1 . o A
03 IunomuaANT UATUNINT DNA shuffling 4a2 1naudng E. coli XL1-Blue tazaataon
A A A 1 a Y A 4? 3 o s Y
Talaiinlinuaiuisagesaatsmnianis sesu lamuyy a1niutiew lesin ldun
a Ia 4 1 4 o dy ]
Aasizvinanssueu loinuineu lsiessni lunealalalasaaiianisadesaais
a 9y A dgl 1 .
wnFans lseeu IAMNNAY 25 911 (Cui et al., 2002)
= P = 1 a dy
1 a.7. 2003 1aTs180umMsARYIFINVEINAEIA pPDL2 Y04140 Flovobacterium
a g 5 qgj a I <
sp. azwa1aia pCMS1 110 Pseudomonas diminuta Fanageanaaialadiuadueyuia

a d! == 4 = u'd = 4 = u'z
5.1 nlawe Galgusesm luneamannsuadulasnuidueesm Iureamadnsuatued
YuUNaIaia pPDL2 5¥WI190U ISFispl Uag Tn-3 4azdl open reading frame (0r/243) %9
noaswal® Inanl Inavuia 27 Alaaiadu fasodesaalenisllulasiuea

(Siddavattam et al., 2003)
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4
Tuil a.¢. 2004 T51091UNTANBINITUTAIDDN NITUINUTENT UAZNITN
o = a = o o A s . .
ﬁ]maﬂymzsum8ummﬁamiﬂ‘ﬁaauﬂﬂimwuiﬂmei‘vnwcumﬁ (polemerase chain reaction;
PCR) udraeduiie Iduaaseonlu E. coli Tugtuuvvesilidullsauganau (hexa-His C-
o a a" o
terminal fusion protein) NNTUINVIYNT oulai Taoly metal-affinity column chromatography
= = a s = oA Y '
F¥991nmsanyInnssueu lasinazdny laTaunsy (zymogram) veoaou lasinuenld wud
I A o 4 . a’j a v . A
mu"lcyw’og”lugﬂuuu‘nmqm"lﬂ (active form) UUINAVINNITAA precursor protein NUUYUIA
lajni1TAoda signal peptide NUTIIA N-terminal vosaelsAueenly uazwan lauaasli
3 1 o a I 4
windneu lasimsamst lseeulalasmatilaseadratluTuTuwes (Guoping et al., 2004)
o 1 4
Tudl a.¢. 2005 T31891UMTHAUIATLAAIONVOIBUNTS 19101 Tays]
a 4 4
wnsamstleoulalasadlu £ coii Tnoms Tnaudunmeldmsniuauuesllswesines P43
A o o a J . . : J
LAz 19 uInA 1o INAved signal peptide 1AOU nprB V04 Bacillus subtilis FINUNIMT
= o = M 4 4 AN Yo a
nanseenvesduluszauge naziinsvausulaoonuoniaad Taotou lainlagedl
anuasalumsdesaasmunianistlseon laed1eaiilse@nian (Xiao-Zhou Zhang et
al., 2004)
Y [
dwisuludsemalne 1l w.er 2544 Tsrwumsiende Burkholderia cepacia ®
ANITDY0IAABINLNAUNNTaNIT1 IFeauLaz 51l TasHueannau N tnYas 11
1 dy @ dy 9 a I~ 1 4 = =
Yszina lneTasnuiusedriannsalduniamns lseswiuurasasvewiosunaufen
a a = @ 3 ~ a = 4
lumsnSapanTn (Keprasertsup er al., 2001) wagluilidernuillaimsuenusgnsoulad
a dy @ dy 1 d Aa dyd a @
wnFamslsesulelasmannedltl nuiveu lsiviaitiviadszuis 35 Alasadu

d' o a 4 a d‘ Y . (= a o a
uazmamm‘mmwWﬂmazﬂumﬂmamu N-terminus Wmmm@awﬂummu 40 azaﬂu

aa a 4
(ER1IITV FIATIFNT HAZYYAT WATINA, 2544)

= ~ I dy =2 @ = ~ k2 4
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aa ~ £ I~ o 9 o 4 dy 1 @ @ @ 4
prdaaladusuiudumasnla Tagassmanaisuuunilszugssuaasnduiueu Ta
Aaa { a 1 4 I~ v @ qul T W
avgaaneduedmeasanuinasvesou el (dudrdudununvady;  competitive
{ 4 I ! YY) 09.1} o 4
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P v o o ' o |a R Y 9
po3M Tuneamadudinsiinu nunawsaasivialsuawisiesnyeuliainnuduyy
o‘ { { o o [ Y (% =Y [ 4
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1-10 luTaTuars uazsian T lunisasiadaminy 2.29 uag 1.04 w1 Tuwenulsaalian luais
o w J A dy o [ g; y A ) v Y =
a1y luTomugesyiataiuisaninmsiasla Weiimstadlreniseonsaunam
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o o 1 o o [ a
Tulyarsandrey vazldaanusumedmsumsesnseutaziunsanisilseou
Y d 4 o w
M1V 25 wag 6 W Tuneuualsas luTas Tuars awd e (Deo et al., 2005)
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o s o 4 I ’a 4 a o
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4 yd v @ oaJ’ o J
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[ .. . . 1 Y A A a IKY d Y v
UUULYIVU;  competitive inhibitor) ﬁ\'iWﬁiﬂﬂuﬂWﬂﬂ@ﬂ‘m‘lﬂ@Mﬁﬂ@Qﬂ‘ULfJUVlﬁlﬁJﬂgiﬂaﬂ‘U
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o Y -~ g o Y W 1 =g v @ Y
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o Y 9 A dy A dgl 1 dd‘
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[l YY) S Y KR (I [l Y Yy 9 A
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[

VD317 fluorophore decoy aANI ﬁl\‘l‘lfu%‘lil"lll!fﬁ}lluﬁﬂﬁ alaanans fluorophore decoy @11130
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dmsueu e lunwwan uazmnadane 1 UAIN819 Y (Laothanachareon ef al., 2008)
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o A @ o
TuTeuesinensivinaiseosni Tuneaiva Taald mesoporous carbon (MC) 11a¢ carbon

3 o ] 1A { A Aaaa Aa o
black (CB) 1fludrielumsdidianasouiinaninlinsereengmdusesnst lulasiluea

v A 9 I~ a PN a 4
TdgavanInsa Faws1 lulasdueaunaananinainnislalas lagaaisonsniTu-

4 J o J a
Woamalaaeulsioosmlueaalalasiaa imsaasuna1adasusudian Insaale
3 a 1 ) [ 4 J

MC niundeudian Insanodls CB taziinngsadueu lsioasm Iunoama lalasaa
#10 nafion meldanzimunzay nuNaTaasianseenseu liaia1udududi
~ ~ o [ Y 1w 4 Y [ 1T W
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wTuseuuilsaelulasTuars Tasldnarlunmsasiadadlszuna 10 3119 (Lee er al., 2009)
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P 4 ) o o P
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Y
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a 1 4 J
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A = o a | Qs’l =) Y a a =) 1 4
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P A = P A d H A o o
posmIureoaa lalasaanassuuasuouu Tunituuuvatesu Taguinninisiania
Y Y Y o A A ° o Y 1w P
pongoulnmnNududuAiganaimisaiinisialaminy 10 viTuluais uag 6.4
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3.2 wesidud Taalioszoznaidiulyl 7 1@ou msnouaueinedyyIMIZANAUNAD 75

Lﬂi’)i{!"’“‘]ﬂ)’uﬁ (Pedrosa et al., 2010)
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syauunsams lseeu'ld FuseuuanFedlil ldu1nnmsaauen (isolate) FouuaiiGely
[ Y [ '
AuNeINTadasamNIans1 150UV AN UNNBATATIN LUANAITY LU 19NONYBY
NIUNNUNIUAT (Keprasertsup et al., 2001)
S d‘

9 < - 4 A A A o
Wounnanisen gl umadidntg (host cells) tatmulsuamaraiagaaadly

A
ATNN 8

=~

= £ ~ ~q Y s Y 9 A A a N
AT NN LSH@LL'Uﬂ‘VILiEJ‘V]Gl‘lﬁﬂuLclfﬁaﬁ]WUTHLWBLWNﬂilJ"ImanﬁNﬂ

Bacteria Genotype Source

Escherichia coli DH50, F lend Al hsd R17 (r>km+k) supE44 thi-1 Ausubel, 1997
recAl gyr A (Nal) relAl A( lac1ZY A-argF )

U169deoR (P80diac A(lacZ)M15)

Escherichia coli BL21 F ompT gal dem lon hsdS,(r, m,) MDE3 Invitrogen,

[lacl lacUV5-T7 gene 1 indl sam7 nin5)) USA
Escherichia coli One Shot” F meraA (mrr-hsdRMS-mcr BC) Invitrogen,
TOP10 Chemically (801acZAM15 AlacX74recAl araD139 | USA
Competent Avara-leu)7697 galU galK endAl nupG
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2. ABUBWINE (vectors)
a ® . I 23 Hq ¥ o @

2.1  waraia pCR"-Blunt (Invitrogen, USA) fluaduemmzn lsd1msulnau
Qy 1 <3 1 { aaa o 4 .
Fuduvoaduola1sy (blunt end) NlAnInURATRF015 Iaeldoula proofreading
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v A o A
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4
v A

E
a a o " o o 4 1 1 o 1 a 1
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22 waaua pGEX-4T-2 (Amersham Biosciences, UK) ﬁd’;uﬁgﬂu multiple
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. . 1 v . 0 g ¥ a . .
cloning sites DYAANUVYIUNTIN  glutathione-S-transferase Mmldne fusion protein 1NNIT
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) H (] o a

binding site, start codon (ATG) tlagiidgrufiaunsngnaosaeo i luiinioudy (thrombin)
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o 1 g 1 09)1 o
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sy ¥ Ag a o Aq 9
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o & A =< = Y . .. . .. a9
uunJuamamuummwwamwunu antigenicity (0¥ functional activity voellsaution
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a I A Ao vAa

2.3 Wa1aia pGEX-6P-1 (Amersham Biosciences, UK) 1lunataiianiinaseruiia

mileufunaaia pGEX-4T-2 LALANANAUATILTNIUMUNUITEHI19BUATT 14 glutathione-

1 & a <3| o oA I
S-transferase LA @ IU multiple cloning sites Felunaraia pGEX-6P-1 %zgﬂumgmmﬁgﬂﬂ@a

Jd [ {
Tastou laa] PreScission Protease fauaadluning 24
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P15 Raverze primirg st ekl

201 CRCRCREGERR
STETETOCTT

1
ACRSCTATEA CRATGATTAC SOCHRAGCTAT TTRGETGERTSE COSTTAGAATR
TSTOEATACT SETARCTHMTS CQEETTOSATHA ARTOTHRCTT S STHATCTTAT

CTThRETTAT
SRETTOSATA

Eaok|

SCTEAATTC
QERITTTHAG

T2TATCATRT
A SET ST STS

ST ETATT

ez

CRETAT A

N

e}

WAl Ml .“i."ui'.'-l Lzl SanH | Sl
STATCANGTT ToSTAOOERE CTOEEATOCH CTRSTRN OGS QOE0CHETET
CETRETTOEA AOCATEGCTC GREOCTASET GATCATTEOC E0EETCTRTA

Szof: | Fal Smi

FLe ] _ QCTSHATTCT SCRSATA
T Elunt PCR Product SERCTTHASH CSTOTAT

Mi“ A:FJ-ID-I n’l-‘.-ni -5'i'bd-l Au-irl TT prom ohan priming sits
Tz 222 TOGRETATEC ATCTAGA=2E CSOCTHATT OCTATRETEA
R 2E AECTOSTROS TASGATCTOOC =35TThA AT ATChCT

I3 Foremrd (-20) priming site
ANTTCHCTEE SO25TOSTTTT A XSTET GRCTEESAAN AOOCT===T 470
TTARGTZACC S2CAICAAMN TFTECABZCTA CTEASOCTTT TozERC0EC0h

/-

pPCR®-Blunt
3.2 kb

%
=
Eir
=
s

=

Gomments for pGRE-BIunt Laocin

2512 nuclectide=

Laz pmomotero permtor region: bases 95-216
13 Fewverse priming sike: boses 205221
Lacf-alpha ORF: bases 217-570

hiultiple Chkoning Site: boees 245393

T pomoter priming site: bases 400-419

i3 Forsmrd (-20) priming site:  b@ses 427442
Fusion joint: bzses4E71-5749

crIB kethal gense ORF: be=es HE0-562

Fare ryzin esistmnce ORF: bases 1231-2025
Zencin resistmnce ORF: beses22531-2005
pUiS ongin: bmses 2573-53356

& o ®
i 22 Tasead el uemve pCR -Blunt L&A multiple cloning sites

IhE Invitrogen, USA
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pGEX-4T-2 (27-4581-01)
Thrombin

Leu Val Pro Ara*Gly Ser!Pro Gly lle_ Pro Gly Ser Thr Arg Ma Ala Ala Ser
GTG GTT GGG G&F GATE,COA GGA ATT GGG G5 T06 ALT GGA GGG GCC GOA THG T8

= o
BamH | EooR | —gmat Sall 3o Motl  Stopcodon
|
o Tiki11 |
Ball kTS | Aa
B
p.-j1[.i.5311’51:-:? s \\
\ Pt

pGEX

~4300 bp

T ¢
_l-'-"l“ pER3zZ
o

AN 23 TA59a519AB WeNIHE pGEX-4T-2 1(6/A4 multiple cloning sites

111: Amersham Biosciences, UK



PGEX-GP-1 (27-4587-01)

PreSoission’ Prolsasa

lLem Glu Val Loy Phe Gin’ Gly Pm' Lew Gly Ser Pro Gy Phe Pro Gly Arg Leu Glu Arg Pro His
CTG GAA GTT CTG TTC CAG GGG GGG CTE GGA TCC CGGIGM TTLDICCL'\ GIG‘T GGP«LCIIIJ GAIG COHG GCE Cf\l'

BamH | EcoR | "5y Sl ¥ho ot |

Tih1111
Aatll

|
pGEX '|

~4900 bp

AlwN |

BasH I
Apal

AN 24 TA39a519A0 U NINE pGEX-6P-1 1aAd multiple cloning sites

71X1: Amersham Biosciences, UK



3. Twswesnlalumside

TwswesnlFlumidseaaaasluaisneh 9

3199 9 Twswesn e luanise

[

~ o o a = 4
g | Inswes auiiang o Ing

1 Expl CGG GAT CCA TGC CCC TGA AGA ACC

Exp2 CGCTCG AGT CACTTG GGG TTG ACG AC

4. ADWVINNIFIU (standard DNA marker)
4.1 DNA ladder ¥119 1 N laiua (Biolabs, USA)

42 DNA ladder v119 1 0 latea (Fermentas, USA)

5. TilsAuinas 914 (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. aau"lcuﬁ (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 1oulaidasumnezilemsive 18U BamHI, EcoRl, HindIlL, Pstl, Xhol
(GibcoBRL, USA)

L4 a
6.6 tou'lwminsouiiu (Amersham Biosciences, UK)

60
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7. YanaaeuduUTIMN

7.1

7.2
Germany)

7.3
USA)

7.4

7.5

7.6

8. d1anlnsa

8.1

YA finAdueeoNIINRE QIAquick Gel Extraction kit (Qiagen, Germany)

% Inaunanan11nlfnso17i%e15 QIAGEN PCR Cloning kit (Qiagen,

a Aaaa == ® . . .
Glgﬂiﬂauwawaﬂmﬂﬂgﬂﬁmw«mﬁ Zero Blunt PCR Cloning kit (Invitrogen,

d.
a a

YALYAVTENG 115AU HisTrap FF (Amersham Biosciences, UK)
ﬁﬂl!ﬂﬂ‘ﬂ?@(ﬂﬁiﬂ‘iau GSTPrep FF 16/10 (Amersham Biosciences, UK)

YANT 1930 11/581 Bio-RAD Bradford Protein Assay (BIO-RAD; USA)

glassy carbon electrode (BAS; Japan) ﬁﬂlmmﬁumuguﬁﬂmqmauaﬂ6

a A 1 4 a A
uaatung uamumLﬁ}umuﬂuﬂﬂmﬁmﬂiu 3 yaauag

8.2
8.3

Pt electrode YU19 3 mm diameter (home made)

Ag/AgCl electrode (BAS; Japan) Uanuendilsyans 40 Taamas iduniu

4 a a
ﬂuﬂﬂaN 4.5 0001403

NN 25 glassy carbon electrode (ﬂ1W‘%}1EJ) 1ay Ag/AgCl electrode (AWVI)

N BAS, Japan



9. M5IA3

9.1
9.2
9.3
94
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12
9.13
9.14
9.15
9.16
9.17
9.18
9.19
9.20
9.21
9.22
9.23
9.24
9.25
9.26
9.27
9.28

Fomsndl

acetic acid

acrylamide

agar

agarose

aluminium oxide
ammonium persulfate
ampicillin

bacto tryptone

bacto yeast extract
bromophenol blue
5-bromo-4-chloro-3-indolyl-f-D-galactopyranoside
bovine serum albumin
calcium chloride
chloroform

chorpyriphos

coomassie brilliant blue
coumaphos

dipotassium hydrogen phosphate
1,4-Dithiothreitol

dNTPs

ethanol

ethidium bromide

ethylene diamine tetraacetic
fenitrothion

glacial acetic acid

glycerol

guanidine hydrochloride

hydrocloric acid

VI HNAHAN
Lab Scan
Fluka
Merck
Gibco BRL
BDH

Fluka

Fluka

Fluka
Scharlau Chemie
Scharlau Chemie
Promega
PAA

Fluka

merck

Fluka

Fluka

Fluka

Fluka

Fluka
Promega
BHD Analar
Sigma
Fluka

Fluka

BHD Analar

Boehringer Mannheim

Sigma

Fluka
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9.29
9.30
9.31
9.32
9.33
9.34
9.35
9.36
9.37
9.38
9.39
9.40
9.41
9.42
9.43
9.44
9.45
9.46
9.47
9.48
9.49
9.50
9.51
9.52
9.53
9.54
9.55
9.56

Fomsndl

isoamy] alcohol

isopropanol

isopropyl thiogalactosidase (IPTG)
kanamycin

magnesium chloride

magnesium sulfate heptahydrate
marathion

methanol

methyl parathion

methyl parathion (FOLIDOL-E605 M50)

multiwall carbon nanotubes
N-N’-methylene- bisacrylamide
paraoxon

parathion

phenol

p-nitrophenol

poly (allylamine hydrochloride)
potassium dihydrogen phosphate
potassium hydrogen phosphate
sodium acetate

sodium chloride

sodium dodecyl sulfate

sodium hydroxide

TE saturated phenol

99% tritonX-100

Tris (hydroxylmethyl) aminomethane
Tryptone

Yeast extract

Amresco
Sigma
Promega
Fluka

Fluka

LAB SCAN
Fluka

Bayer

Cheap Tubes Inc.

Fluka

Fluka

Fluka

Fluka

Fluka
Aldrich
Fluka
Riedel-deHaén"
Fluka

Fluka

Fluka

Akzo Nobel
Invitrogen
Amresco
GibcoBRL
Schalau

Schalau
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A A
10. 1A593UD

10.1 autoclave Model ss-325 (Tomy, Korea)

10.2 biological safety cabinet class II Type AIB3 (Nuaire, USA)

10.3 centrifuge ‘;;j: 1 GS-15R centrifuge (Beckman Coulter, USA)

10.4 centrifuge ‘;;j: U 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) f.j:u AKTAFPLC (Amersham

biosciences, UK)

Poland)

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,

10.11 microplate reader (Spectronic, UK)

10.12 oven Model ULM 500 (Memmert, UK)

10.13 power supply (BIO-RAD; USA)

10.14 spectrophotometer iq U Genesys 8 (Spectronic, UK)
10.15 water bath Model WB 29 Gable cover (Memmert, UK)

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



11. qﬂnsﬂi?}uq
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 azifvaueanaand
11.18 gana1aan
11.19 I¥uilulasaie

o

11.20 d1a

1121 fdnvaa

11.22 Amicon Ultra-4 ¥U19 10 kda (Millipore; USA)

10.23 Amicon Ultra-4 ¥U19 30 kda (Millipore; USA)

10.24 Amicon Ultra-4 ¥U19 50 kda (Millipore; USA)

10.25 syringe filter YU1® 0.45 micrometers (Corning; USA)
10.26 SnakeSkin" Pleated Dialysis Tubing (Pierce, USA)

10.27 syringe
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IsAa UMY

a e
1. msaasneuduuunlnauly expression vecter pGEX-4T-2
= Qq’ U A g d‘dd d‘ Y d a
1.1 msessusuauanuentauias ey lminmianalsooulslasaa
o v A A Y P Aa
1.1.1 mseenuuy lwswesdmsudunairveu lsiunianis lnoou

A ) ] Jdo o
]laiﬂi-mﬁiﬂEJLWZJ@]"ILL‘WHQ%’ENL@H%H?JG]@%1LW1$ BamHI 11ag Xhol

o w

o 4 9 a =) Jd a o
vnmsaammu‘lwsmaﬁmﬂmay‘aamumﬂai’e”lmmnmmuaz

Y

1 4 a
mevesdunadveu lasiunianis Ineoulalasmann¥eunniiise Burkholderia cepacia
A 1 ] a [ L4 ~ Yy
Agwsodesaarseaiuuauunsamsilseeu (aanyal 2ufeurats, 2547) Tagliil

[

dumiaveaeu lyidasume BamHI wazieu laidas e Xrol
Tnswes Expl Hdrvuinalelndillu CGG GAT CCA TGC CCC TGA AGA ACC
Insiwes Exp2 Tdwuiiinalelnaily CGC TCG AGT CAC TTG GGG TTG ACG AC
TasuSnauivaduldaedumiweuen laldasumy Bamar  1u
Tnsies Expl uaziouladdasuniz Xaol Julwsimes Exp2
112 m3anaadue? 14y (Sambrook ef al., 1989)
Ay afaaE e Tuu nEeuUnfiGe Burkholderia cepacia 11014

IS ] A a a g a AaA J o ; dy A A
L‘]JULLSJLLUUGl,uﬂTiL‘WiJﬂﬂJ1mm@ulﬂiﬂﬂmﬂ‘uﬂ‘wcﬂﬁ]ﬁ IﬂEJ‘I/]Wﬂﬁl‘w1$Lﬁﬂﬁl%€)uﬂﬂ‘miﬂiu

v
a a

A 9 [} Ao & A a a a =1 a
prnsaINliznoudlenssigisuduntwnsanis looou Usuiag 30 Tadans Ngumngil
= o o 1 zﬂy a ad (a
26 £ 2 ewwuwaBed wIv 12-18 ¥ 11 Anaznouiwad lasnuiyegaunsoliuias
Aa aa any d o Iy = ~ < 1 =}
1.5 daaans adlunaea lulaswuaiiag W lUihuwieananuisa 12000 seuaouIR WU
Y
= o 1 4 a a
2 Wi nmiumaiulaeen azargaznausaanie TE buffer pH 8.0 151105 567 luTasans
a N~ 4 :’ o 1 a a a
@uesazats SDS ANUNTY 10 osidud (Tasimiinaslsuing) Usuas 30 lulnsans
a 4 A a o 1 A Aaa a a
uaziauou Iy proteinase K ANNANTY 20 Haansuaeiadans Usuias 3 lulnsans
Y Y o o 1A a =\ o Y a = 4
weru lmdniu s Tduunguvgil 37 esriwaiBed v 1 92 Tus udaan Tadennas lsdaaw
J a a [ a 4
wWudu 5 Tuars Usuas 100 lulasans weanulddniu tiuaisazate CTAB/ Ixdsunaslsa
] 4 4 4 a
(CTAB anuudu 1 wesiiud uazlm@sunaslsananuduiu 0.7 Tuars) 1swes

a =

a Y Y o Y o oA A a
80 lulasans wanlvidniu udnihliuiguugil 65 osauaaidod uiu 10 W7 1Ay
4 a (Y] J o 1 a
msazagiluea : naslivesy: lelwmeiia daneded (Basaiu 25:24:1 laeilsuiag)
a [ [ ) y { { < [
Usuesmiumsazatslunasa waulidnsu 1 ldumaeanas9 12000 soud0UIN

9 9
o o 1 ' a 4
v s i nindugamsazarssunuldlunasalud udndvaisazaronas Iseswy -
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a o J o 1 a a 1w A Y 9
loTaeiia daneegoa (da1dau 24:1 Tae5uas) Usuasminuaisazatefigan weulvdh
[ ) Y A A < 1 = = 09.1’

i hfumdesinnusa 12000 seudewd wiu 5 Wi gadsazaeFuUualuraon
Tnaj ud @ isopropanol 151195 0.6 Mvesasazareigau waulidiulaemsndauiia
Y 3 o y A A <3 1 = A o kY =
menaea 1ntuth ldihumlesianusa 12000 seuaeuIi I 5 WA TIMTANALNOUA
< 9 A Y 9 S I < 1a A Aaa o ~ ~ <

ueAIgeNIIUoanaNutNTY 70 1Wosidua Usuas 1 iadans Jumilosinusa 12000

' A a \ Y o q U ag ) Y A &
soudeuI w5 i maiulaeen udriliaznoudwuenislasldiniesganiuiu
) .
FTUUFYYINA 8218AZNOUADUIOA0 TE buffer pH 8.0 13 DNase free pancreatic RNase

a =

v 1A Aaa s o {
f"lfﬂiJlegllll"lsJ}u 20 “hliﬂﬁﬂﬁllglﬂllaﬁaﬁﬁ Lﬂ'].liﬂHTﬁQil!‘ﬁﬂll -20 DAL ALK YT

G

A a Qy ad 9 a aA 4
.13 mawnlsuasuanuealamalaidels
@ ~ o v a d = dy ==
WAIINNNINTANAALD UL IUNIINFDUUANIT 8 Burkholderia
. o o A a Aa Aaa S & Aaan aA 4 Y o 4
cepacia iNMMaivlsua Tagmatiandels dalulgnseiigersisznovaretiivies
A A o
Pfx amplification ANMMANTYU 1X, dNTPs ANNTNYY 0.3 §ad 18a13, magnesium sulfate 1IN
Yy 9 a A J J Y 9 S ad [
Wuu 1 Jaa lwans, Inswes Expl uag Exp2 Anududu 0.3 Julasluais, Adueuuiyy
< H [ g
Awed Tuunanan¥euuaiise  Burkholderia  cepacia U0 1.1.2) ANMANIY 19
. 1 a 4 a =
uTunsuse luTnsans tazou leal Platinum P DNA polymerase 2.5 giia Tualiuasganie
50 luTasans
o Aaaa [V dy
Tagerazlumsinlgnsedail
FUAUN 95 pafuyAKed 5 UIN
- deuaturation 95 PaFNFALKEE 1 U
- annealing 55 oefuaIsed 1 U 30 99U
- extension 72 pafFAFeE 1 U
- post extension 72 B4 ITALTOE 10 UIN
a ‘a a 9 a a g a
1.1.4  PMsugnnsIziaouealamainesn lsamastanlag 1vlissa
(Agarose Gel Electrophoresis)
o A o A a aa 9 A AaA J 9 o o
vadonnimsmivlsuafweaamatande151dl nininsg
a 4 a a ad a
HenIAIIzHatumatnozn1lsaotanlas Ivisda TasaSeuaozni lsanududu

o

J I 4 o 4 Qﬂll I
2 wlesidud udrazanemasrmIsalutivies TAE pH 8.0 deanusou nmiurilfiiuas

Y
a IR b3

v Qy < o 1 a
Nguuqi 55 esruvaiBod mwaszm Isdasluniama naliwandsdrNgungines 91nii

G

2

< @ @ ] 1 < 1
NEUANTaZa18ADUIBNY 6X loading buffer THOATIAIN 5 A0 1 HEBATITAZA1ADUIONHAY

A1 loading buffer luviquueynaszmIsa uazld 100 bp DNA ladder HudBuennsgIu
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o ad a { 1 YR 4 4
MotanTas Ihsgdananuaiadnd i 80 Trad 11w 80-90  w1# deumadieansazaly
Y
ethidium bromide ANMTNTY 0.5 luTnsnTudeiadans ¥Iu 15 W7 udId1uHMRaA81
o dy 4 =1 a Y [
nausAnndeuazion lgl DNase w11 10 117 asraguavfnwemelauddans loan
a g Y a = 9 v A
115 msusnadweldusgninnmassnlsalaslgyaananioue
o <
qAUTVG 1| QIAquick Gel Extraction (Qiagen, Germany)
[ ~ o a I 9 a ad
NaIINNNINITHINIUATIEHALDUIBAINANADE N 15ABLaN IAT-
a o < a o o o
TiisFendr shimsuenfiowe1duigns lasimsanasenainwaszmise Tasasiaguou
A g ] 9 [ 3 X a A dil
A luurumaszmIsanelduasdansilhlona nndulflulianazeinlaanieuas
o o a Aa a g Ay 1 an oA
ou ly3l DNase @aavsnaunivovadueidoinslaasluvaea lulaswsuasiianniy
3} Y ) ) oy @ A g’ @ o a Sa g an 1A
iiin i lsaihminmennihmiinea sinisuenuignianwen1uislugiioves
a @ 4 a 1
QIAquick Gel Extraction kit (QIAGEN, Germany) laatautivhes QG ludsuias 3 imwes
v ] v
wtinma i T duhguvgil 50 esAwaFea win 10 WIH nTeIUNTETNUIAAZA1BTNA
q’/’ 1 1 1 <
udrgaveunadrnavualalu QlAquick spin  column NoglurasamumIsazaIBUYLIA
A Aaa ) Iy = ~ <3 1 =} )=} Y Qy
2 Jadans 1 lUdumeainus) 12000 sevaewA WU 1 11H udanveariad luriasana
a v o =y a Aaa o y { o’/’ Qy = Y% o
wuadiles QG lSues 0.5 fadaas 1 lUumieadna sy mveaang muiininles PE
Y Y ' ' Y ] ]
51105 0.75 Tadaas aanalA 2-5 i udrh e mveawatng 1 lilumieadn
Qs’l Qs: 1 any 4 1T Aa Y 4
A59 91Miué1e QIAquick spin column laluviaea lulnswuasiidvasaluy wuiivivies EB
a a 09/' Qy o o { I < {
51193 30 TuTasaas danald 1 i udnihliusdesny 1 Wi wuasazasfdwen
QNI -20 DaFEAITYA
A v 2 a g Y o ad ad o 4 9
1.1.6  maweudsFuduaduanuaRuenv IagisduiaglTagly
o 1Y Qy 1 < { A A
Zero Blunt PCR Cloning (Invitrogen, USA) dmsurudiudduwen ldnamanulTinadie
r'd
1o 193] Platinum Pfx DNA polymerase

a J 9 o

[V A o Qy A a Y A J Qy Y o
Wa\‘]%1ﬂ7]1/]1ﬂ15l!ﬂﬂ%u@!ﬂilll@iﬁu5am‘ﬁlla3 NMIMILFOUNDYULUINY

a

a d ) < A Qy A a3 A 9 a Aa 9 A A A anzl 9
maumwmzﬁumgﬂ L‘Ll’ENi]"lﬂ‘]fumi]u!@‘ﬂ]lﬂi]”lﬂﬂﬁw\lllﬂiNTmﬂlﬂﬁ‘ﬁWGﬁﬁ)Wiuuﬂzi%
v

4 . A o o Jya a A YA o 1
19U 'l43] Platinum Pfx DNA polymerase TumM3stnug 11 m"lwvum@umﬂ"lﬂuaﬂymxﬂmﬂu

Y
v a g v o KR

=2 9 o 4 2 aa D) Ao vy ] a
ﬂQG\@QWTﬂTﬁL%@N%uﬂL@UL@lm?ﬂﬂﬂl@utﬂwwwg‘ﬂﬂaﬂymgﬂaTﬂuﬂﬂﬂ @Quu%ﬂi‘ﬁwa']ﬁj\lﬂ

9

I aa o Aa 1 a d @ v A Y o a
pCR Blunt Wudduenve Iagrh¥uaiuaduedananuuyemdiiunalaia pCR Blunt
AWAT 1UgiIov04 Zero Blunt PCR Cloning kit (Invitrogen, USA) Tagluilgnzennisireuse
Usznoudenaraiia pCR Blunt AN 25 W1 Tunsuae lulasaas Usuias 1 lulasans

Qy ] aa 1 a a o o o [ A 1 Aas an a = 4
Fudruawuelarey Usuas 1 lulasaas, dlesdmiudoudeniozatiuianglo Ina-
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lasvloamla (ligation buffer with ATP) ANMTNTY 1X, 1hndudsiaanweuazien T

a

DNase 151105 6 Tulnsaas uaziouleni T4 DNA  ligase 4  giia ludSuiasgaie

u

Y 0 a

Y 1
10 TuTasans wawldmdridulasld luTastnlagaiuasnig udnirldungungd

u

16 oarnisaifoe nal3tuA
.17 nmsereleuiaenduuuinaradadridisadidrtulaelsy
One Shot TOP10 Chemically Competent E. coli (Invitrogen, USA)
n&nfimmsisoudesuaE et Ui pCR Blunt 4&2
fmsthelerdneuiuuminaraiian 1 diadidithu Taeldh¥e £ coi stain TOP10 1Tl
adathu eiimsiiuiuavedneuiuuuinaiaia Tavazarowadiintu One Shot
TOP10 Chemically Competent E. coli U5u1035 50 TuTasaasuuiinda aniudy
Inoudunuinaraiafimion1dande 1.1.5 USuas 10 lulnsans wauldishiulaels

a =

Y 1
TuTastulaawwng hldugiudisuiu 30 wii fre'ltuiiguvgil 42 essaiFea wiu

U

a s Y o 1 g’ 3 o A =N a a VoA
45 3N !,me"l‘}JLLGlflummmﬂuﬂ 2 W PN LB 1USuas 250 lllliﬂi'ﬁ@]i VYN

Y l
A A

a 1 { <3 1 M o 4
ungil 37 eeruaaiFed we1nus1 225 souaouti w2 %1 Tue iude Idindsasuy

O

A

<3 A Aas v.Aa Y Y @ . a Aan VoA
D11 13LUN LB V]ﬁJfJT?J;]“]f’JH%ﬂTL!13JEJG]51Jﬂ'N§JL"UiJSUH 50 lllljﬂ'iﬂﬁllﬁﬂllﬁﬁﬁﬁi VUNYUNHY
~ ay Y Y A
37 DAL aLE YT 1/]\‘11’)51]']3\]15]1‘!
v a = a J ag . .
1.1.8 ﬂWiﬁﬂﬂWﬁTdﬂJﬂ%1ﬂ3ﬂﬂuﬂlluuﬂ1ﬂﬁu1ﬂﬂ’)‘ﬁ Rapid Alkaline
Extraction (Sambrook et al., 1989)
o A o U = a 4 a 9y dy
WﬁNi]1ﬂ°|/l‘1/]'lﬂ'l'iiﬂEJIE]’LHFIE]NULLHHT]WQWQ’N@!"U'IQL%@ E. coli
. A A a = a 4 a 9 qa/’ o v A a 4
stain  TOPI0 LW@LWNﬂiNWmiﬂ@NULLuu%W@1@'%@&!@3 MNUUNINITANATADNULUUN
a dy . . d‘ o A a 4 a dy 9 9
NANTUADDNVNLED E. coli stain TOP10 mﬂmiﬂafummumWmamu"lﬂﬂumﬂﬂaum
! a o s s s A A A e A
guataua pGEX 4T-2 Tagimsuanosuuus (transformant) AN ABNTUUUNNAT LA
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lesoulaTasaa; iy 3; Sasuiiuuminaiaia pGEX-4T-2 Touna1uen lyfumianis-

Ao 9 Jdo o = a J a
hl'f]'ﬁ]'f]uhl81@1ﬂﬁﬁﬂ@]ﬂ@jﬂlﬂuqmﬂﬁﬂﬁﬂlw'lg BamHI, U4, FANUUUUNNAITUA

S A

A 9 4 a A o 9 do o
pGEX-4T-2 iunadrueu lodiunianmsilessulalasaaindadroen laidasing

BamHI 11as Xhol

4 4 4 a
INNTATIVAOUNTIUENOFUUUN (transformants)  AIYAITNATOUAINTTU
4 a a @
(activity) vouou lyiiumnsans lseouleTasiad 1ae3s microtiter plate activity assay 901N
A 1 7 7 sy ¥ ' a Y = a
135  wui nuddesuuunildeusadesaaromnianis lseonld lasdsudves
. A a 9y 9 ] 1T a aa I = A 9
substrate mixture NAWNTaN131Is00wduTY 50 lulasnsuselanansidudivasuty uaa
' P s saAN Ya a A g A
Jmsruddesunuinldlinisuaasesnvesdwunianisilseoulalasiae Ao
=~ a o dyl & A A A a I8 a
Snouduuun Inauiiin DpGT ¥4fe E. coli DH50. NT3ADNTUUURNA1aNA pGEX-4T-2 ::

mpd gene
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A 35 msnageunvnssuveaen lmiiuniamslseeulalasmaluiaeuiuuusilnay
@199, UDIVUNQN 1-4 D  microtiter well #i1) substrate mixture (918498191A87 (negative
control), !,Lﬂ%a'Nﬁ’sjiJ 1: microtiter well ﬁﬁ substrate mixture uamﬁ;a Burkholderia cepacia ﬁ
AWNT0g0aTAB I INAUNNTANI51 150U (positive control), 1DIA1HQY 2-4: microtiter

well 13 substrate mixture U2 E. coli DH50. NY3ABNTUUUNWAEA pGEX-4T-2 :: mpd gene

2. MIAsIRdeUMsHaAIesnYeduNEaIIseeu lalasiaaly expression clone @28
mnaa SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
[ o @ a 4 a \ , 1
HAIINMINMIANATAONTUUUNNATNA (recombinant plasmid) @149 910 laau
Aan Ay o a o ' .
DpGT ANunad1eeulaimuniamsilsesulelasaa uaziinisaielou (transformation)
= a s a Y 1 . Y 1A A A ;3 < Aa
InoNiuuUNNAIEUANg E coli BL21 uad WUl Ialalifauuuue1nisuia LB il
an aa A Yy 9 1 1 Aa Aaa o = dl
o1 RFvzuonngaau anududu 100 lulnsnfuaeiiadaas SraunateInlail 9100 ImdH
I o a o 1 Aa 4 a
36 1Humnisrenduuuri lnaua1e nasndeualemsnaaeunInssuveseu laimmsa-
ad . . .. 9y 05: o us/l A~ a I'd
Wﬁﬂ‘ﬁﬂ@uulﬁjﬂimﬁiﬂﬂ’rﬁ microtiter plate activity assay WIDNNININITAIFDIADNULUUN
. . . ' . .
Tnauhnansalasudasazareiludmaoudusn BpGT %970 E.coli BL21 713 pGEX-4T-2

:: mpd gene
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ﬂ'lW‘ﬁ 36 ﬂ'li‘VIﬂﬁfJUﬁﬂﬂiﬁllﬂl@ﬂlﬂumﬂﬁmﬂ%aW'ﬁfl‘ﬁ@ﬂuVlaiﬂilﬁﬁiuéﬂﬂﬂﬁuuuﬁiﬂau
BpGT 1a875 microtiter plate activity assay Gdﬁ ANQU 1: microtiter well ﬁfl substrate mixture 19
28141987 (negative control), QU 2: microtiter well ﬁﬁ substrate mixture uawﬁﬂ Burkholderia
cepacia fiannsadovaaveaiuuauunianilseou (positive control), ¥ 3: microtiter
well ﬁfl substrate mixture Lag3ABNDUUUN BpGT, ¥iqQu 4: microtiter well ﬁfl substrate mixture

a2 E.coli BL21 113 pGEX-4T-2

A o A a ' A Ay y A 1w . . ! Y
maiiineuduuuiwanaiai laninmaFouaenu (ligation) Wn1eTowdng E.
3 U a a ° 1 0o <
coli BL21 Tagasaiu msntgTouvzliszanimmdwas hinoslszauanuduia aune
d‘ = a 4 a [ d' 4' 1 9 ] 1 [ . .
eaINIAeNlnUUNaalaraInInngni¥enaenal diulvuaeglugiuuy nicked circle
o G 2K o 1 = a J a dy Y ) £ J Y 9 o @
auiuIvTimsoe loudnouiinuunwaalin g £ coli DH5a Suluadid1inud1msy
§ o ] a d a a
1951113 TAaudu (cloning host) 1iNeT1284 (replicated) Tnoudunuinataialiiysuamn
1 . 0’/’ =2 o v A a o a Ay y .
uazog gy supercoil MMUTUIIIIMIARATABUTIUUNWAIENATN IR0 E. coli DH50L
, Y £ s Y 9 o v q9 = .
Mo ToWNg E. coli BL21 Fuiluaainudmsuldlumsuanioonveasy (expression

host)

Mt aeuduuui Tnauuasndeumsuaateonvesdu aiiaou o
wnFamslseoulalasaadiemaiin SDS-polyacrylamide gel electrophoresis mﬂmwﬁ' 37
nuNimsuaasesnvestuunianisi lseenlalasaaadradanu iy expression clone BpGT
Tagsaoudiununldsauildvinnaraia pGEX-4T-2 A i umianisilseou-
YelasmawuiiuavueaTsAuvuin 26 Alaaadu  (audi 2) Gﬁqgﬂuﬂgmulﬂau o
niulesiaa (glutathione-s-transferase; GST) ﬁgﬂuiﬂiam%ama (tag protein) “lummz‘ﬁ

=

=~ a o A Ay y a A A a 1
iﬂmmuuuﬂﬂmuw"l@mﬂwmam pGEX-4T-2 ‘1/]iJEI‘H!JJ‘VIﬁﬁWTﬂhl‘ﬁEJE]uUlaIﬂimﬁW‘U’ﬂiJ

v
aA

a Y { 4
uavveslsauvua 61 flaaadu (aud 3) Usznoudrengatls Tou toa nsuesiad AT

a Y 4 a A a o
YUIA 26 nlaaaau LLE]3!@1!1%11&11/]‘5@‘1/‘!151[1‘566141ﬁjﬂimﬁ‘ﬂilﬂ]Ll”lﬂ 35 nlanaau
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AW 37 SDS-polyacrylamide gel electrophoresis VI3noNTLILLT InaufitaateonYDIBY
wnsanslseeulalasmaluSaouiuuuinaiaiia pGEX-4T-2, 1au 1:  Kaleidoscope
prestained protein standard marker, {84 2: E. coli BL 21 ﬁﬁwmﬁ ia pGEX-4T-2 (Ulijidl?lum%‘ﬁ f
wis1leou'lalasiaa), 1@y 3: BpGT (£ coli BL 21:: pGEX-4T-2 Aidummiamsloou-

lalasiam)

d
a a a d a
3. f'niﬂﬂﬂ!!ﬂﬁni!!ﬂﬂﬂiq‘nﬁ!ﬂH"lclﬁl!N‘V]ﬁﬁW'ﬁﬂﬁf‘)ﬂﬂulﬁiﬂﬁmﬁ

A a Q( 4 A Q' o
Gluﬂ']ﬁNaﬁLlﬁ3LLfJﬂ‘]Jiﬁ;‘ﬂ‘ﬁLﬂuq“ﬁﬂluﬂﬁaV\HiTq‘ﬁﬂ@uqﬁIﬂiLﬁﬁ!ﬁMﬁnﬂﬂWﬁuT
=) a 4 dy A a 4 9 Y Y L= a =} ax
FneULLUUN Inau BpGT R IGINALE B VR IG Tk L!.ﬁ')ﬂﬁ%ﬂuﬁlﬁl“lfﬁauﬂ'lﬁWﬁﬂiﬂﬁﬁuﬁ’m’l‘ﬁ

9
1 Aa va a Y o o

m@ﬁﬂﬁﬂﬂaﬂﬂﬂWﬁﬂ]@ﬂWﬁWﬁMﬂ pGEX (pGEX plasmid protocal) 1NUUNNITUANLTAALUAL
4 [ { g 1 4 o a 4
551fWI3ﬂﬂutﬁﬂllﬂﬂﬁﬂuﬁlﬂuﬂl@%ﬁﬁﬂ (supernate) AT TIUNSNDOU LﬁﬂﬂTﬂTﬁlLﬂﬂ?Lﬂi?gﬁ

1 4
Tisaudremaiina SDS-polyacrylamide gel electrophoresis aauaadluning 38 lu panel A U
= a Y s o A A [ A ]
wunavveslUsauviia 61 Alasady  FuilulUsdundrulnaeglugilvesaznouinly

9
= a K

g’ £ I . . A ~ a o = y s
aza1guUN Gmmimﬂu inclusion body LummﬂiﬂamJuuumiﬂmuuaﬂwamuiumaamm

u

=S 1

I o a LYY g a 1A
E. coli 18117110 39Ram35u@INudIanaznau u’e‘)ﬂﬂ1ﬂﬁ1ﬂmummumﬂmagﬁ
o s ) { o o o o s
WTUYadU0d E. coli MEVAINNNINMILUANIYAE 99NAZADUAIINT DU LAY INIT I A S
1 1 A g = @ 1 a A Y ]
(e 2) ualuarundluveaurial nuuauved llsauvuianinanilsuadesun uaaan
=\ a 4 4 a [ [] " Y 1 1 A
saouduuuieu lyiwniams lseoula Tasmadiulng lildedlunmdmiiuveaunad
) [ I 1 ~ o Y ~
(tau 3) 915U panel B Lﬂumummmﬂauwgﬂmmazmﬂmﬂgﬁﬂ (urea) TagnuLaUve

Tilsauvuna 61 nlaaady (au 5) uazdmanuuauved lUsaudinard weims laes laga
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) Y
(dialysis) Taon151019/3000n%19 aurNA 1ok 1% 115AU refold (tau 6) MIMiwiiansazate
{ 1 % [ { A a o 4
#1811 1U GSTPrep FF 16/10 column B48131509UNY GST-tag protein NipudAafuon la]
a 9 a = 4 o 9 [
wnsanst lseoulalasiadla msuenvianiouladauisoildlasnisda  GST-tag
. 9y L4 a o Y o v Y = '
protein 08RO lddraeu lminseudu dlivdsnveasduindrnlmmediuueg
¢ 1 o A < Y A Ay Yo v <
ulmimniuivgasenun Tagazmiulduovvesllsaun ldneudeazorauazidunuu
= ~ a 1Y) [ A P ] I
@enfivnia 35 dlasadu (au 7) uRIEWULLUINY nilouavveueu laidaintuoy
4 a A 1 9 o o w 4 a [ o 4
vouou lyinsoudu 1ewnnluldiinmsddaeu lsinsouiueen nawinmssznoaul
d’ o a’d’ 9 T Aa JY an [
waziilovineu lainuen lduimiaininssuveseu lesid187% spectrophotometry W13

P 9 éy [l a F%
U lsinuen Idiveusodesaarsmnsanisi lseou 1é

ﬂTW‘ﬁ 38 SDS-polyacrylamide gel -electrophoresis maﬂﬂsﬁuﬁuﬁmaaﬂmﬂ?ﬂauﬁuuuﬁ
Trau BpGT luaiuveuraiuazdivuednsnou (panel A) LAz AL T UAB YDA LN
u?qmﬁlau"l«vﬂ (panel B), 1au 1, 4: 1U5@U119391U BenchMark Protein Ladder, 1au 2: 67U
aznouiiliazate, @y 3: @mveunad, @y 5 @IUVBIATNEUTAZAI0AI0 urea, 1AU 6:
Tal5@ui refold Taoms laos lade, au 7: 0wyl MPH ndanndadieou lsinsouiiuuas

A GSTPrep FF column

A

' { o a an a J t4 a
Glu‘i%ﬁ?'lﬁﬁﬂ'lﬂ'lﬂlﬂﬂﬂiq% ‘i‘ﬂ’f]il‘ULluu‘VIL’E'JuUl“]ﬂ]l,llVl‘ﬁﬁW'l‘i'lll‘ﬁ@E]ullaIﬂimﬁ

o S o [ {1 v oA 1 091’
Y’?II’JEJ GSTPrep FF 16/10 column ‘mmﬁmumafmﬁmuaaﬂmﬂﬂaauuﬁiwznmmm IMNMUU
o w 1 { g 1 1 . o o 1 1 . .
haegenuin luuaazaau (fraction) ‘mmimmmﬁ@,@ﬂﬁmmwawy aromatic ring Ua

4 ' ‘A P ;
TisAunanueInan 280 W TumAs (OD,.) HASTHIAININTTNYDIDU L¥3] 910N INA 39

280)
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1 [ 1 @ T 1 o o o o o
WUMHAINHIUAIBE 1T gAR Iz IN5 ¥z ABANIAI0 binding buffer Y5 1ngns v
amsganauuasved llsaunanuenan 280 1 Tumwas (N3 dua) uansvesnanssy

J ] 1 { 1 9Ir:,’ {
vowou laal (ns @) lualsing (fraction 2-12) wamen TlsAun laluduiidulisdu hign
a dgl 4 =~ a 14 1 1 = a 4 4 a
nandulugaavessnendunurilaay ualulySaeuduuuineu ladiunFanis-
3 4 o v [ 4 4 a 4 @
Iseeulelasaa viniwieiinstunedutisioeu lsinseuduiNodn GST-tag  protein
4 Aa o o 4 . . [
panvineu laiumsams lsesulelasaa udimsyeaeduiiaie binding buffer I
A ] . . = d‘ d‘ 1
MINANAUNAIVOINY aromatic ring V03 TUTAUNANNLIAAY 280 W1 THILAT LAZHIA
a 4 d‘ 1 U A = d'
nanssuveaey lad 9100 39 wualsingnsivesaimaganauudsveslisauiina
4 a 4 ]
g1Inau 280 w1 luwas (nsduae) waznslvesnonssuveaeu lad (nsldd) oglu
o ' 1Y { . ' ! < 4 a
FUNUAABITY (NN 39, fraction 16-24) uaaan Tusaun Idiluen lsmiwniams lseeu-

lalasind Fagnreoonainnodl

enzyme activity (unit)

24 T T T T T T T T T T T T T '1'8
p -OD 380 16
’ . - enzyme activity
2.0 14
1.8 4 B
163 1.2
1.4 ] 1.0
8 i
1.2 - L
(=] i - 0.8
o 1.0 - L
0.8 | 06
0.5—_ 0.4
0.4 — -
b 0.2
0.2 - I
0.0 T =t T T T T T T T 0.0
0 2 4 [ 8 10 12 14 16 18 20 22 24

fraction number

= ' 2 a A 4 =
NNN 39 ﬂiTNLlﬁﬂ\‘iFﬂfﬂiﬂﬂﬂaulLﬁﬂﬂlﬂﬂTﬂiﬂuﬂﬂ’ﬂNmﬁﬂﬁu 280 W1 TUINAT (ﬂ’iWWﬁ!Lﬂ\‘l)

" A AaAAa a 4 4 a =S oy a ]
uazmﬂfﬂﬂiﬁmm3mJmmumau"lwmmawwm"lﬁaau"laimmﬁ (ﬂi"l’l/\lﬁ'iﬂ!\iu) Uuane

4
~

a J
fraction lumsuenuIansion laide GSTPrep FF

Y 1 v
nniuhdedNdIuvBIAZNOUNgNAzA1eAI88T A19819v09 11)5AUNYN refold
Taomsiilaezlada  uazdedraiidiuneduiuninsmianssueu lsiuazSaSinw
=Y o L) o . . . 0’ i
T1)5AuTA83T bradford MUIMMIAININTTHI UM (specific activity) YooU Tyil 91AM13190

[ 1A o P a a'{ A a 1 A Aa o
10 wuMmnInssusumzvesou ledfuenusgniudaiia 189.9 giaseoiaansuldsau Tae
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a1 a =g 1 A A v o ' A Y ~ 3 A v
mmmmmqmmu 4 1M mamEmfmmaEmmﬂaumgﬂazmﬂﬂmgﬁﬂiumu@augimu

P-4 A A < P-4
waziilosiFudueananaan 1ditlu 70.6 losiFua

{ a = 4 a 1 {
Glﬁ'l\‘i“ﬁ 10 ﬂﬁl!ﬂﬂ“ﬂi?fl/]‘ﬁLE]L!Ulclillm‘i/]‘ﬁﬁ‘w1511‘17'06“”Ulé’liﬂim’dﬂﬂuﬂﬁ‘H1ﬁﬂ1’3$ﬁl'ﬂh1$ﬁh

Tumsuaaeu laf
Purification Total Protein Total Activity Specific Activity Fold % Yield
Fraction (mg) (L) (U/mg) Purification
Urea Solubilization 0.119 5.64 4750 1 100
Dialysis 0.075 425 56.60 1.19 75.1
GSTPrep FF 0.021 399 189.50 389 70.6

Y X a d y a d a
4. msmaanzimmnzanlumstessaenduuudlnay BpGT enaneu lasiunsa-

winlsesulalasioa I lananssueslmigaga
1 Y
=L A A

WisAeubuuuR IAaY BpGT 370 139 E. coli BL21 nendan1ngnaiesuaiig

P4 A a A A /q Y

ulasduniamsisesulalasma  wimanzimmnzauigalunmsndaoulaildg
a ) 4 = U v @ dy
nanssudumzveweu lnigege Tasfnuiladedail

4.1 HAVBIQUKN

U

ad A a o a
%1ﬂﬂ1iﬁﬂ‘]&l'lwa"llax‘lQNWQNﬁLWNW$ﬁNW’Q@1HﬂT§Nam@uhl“]fllliﬂl‘ﬁﬁw1§1-

A ya o s A A o A A 2
"lﬁa’auulaimmﬁ%%“lwﬂi]ﬂimmmwmmmullmuqum mamiﬂaummu‘niﬂau BpGT

a =

v ' o ! o ¥ ] ¥ ' $ Al
VUReANgUYNN 37 parniraIFed Haz MM Imileniidie IPTG 1A 1asInoNgurgla1ee

A 1 a =~ [ A A ) @ dy di}
INNINN 40 WUNNYUHYN 18 DIAUBALKYH Lﬂuqmw@‘ NMRVETUNTATTIHITUIAYILTD

u
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e

= a 4 =1 Y1 a o 4 d‘ d' aM
saouduuui Iaauil Tagez ldmnnssusumnzveson ladgenga Tuvazhguugioug Id

e

a =

1T A o 4 { .; 1 H 1
mmmssmuwwmmmu‘l%ﬁ 1MNAUIN TﬂﬂLﬂWTgﬁQﬂ!ﬁﬂN 50 oAU alKYT %Ziﬁ/ﬂT
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nanssusumzveaeu lmidriga
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= Y 9 A A &
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~ ) YA a o a o a d‘da
wmitenih ldsaeuduuunlnau BpGT maaweulaimniamsilsesulalasmaninonssy
o 4 ~ o A a o a ~ Y 9 [
sumzvoueu luigaiga Taemaihsaouduuui lnauuudy IPTG Annududuais 910
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AN 41 wuFaenduuu Inauiignivileniiaae IPTG Tdmnanssusumzaeuou laiga
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mamienihldsaonduuun Inaundaeu ladnldnenssusumzvesou laigangano 1

a A 4 a, 1 a va a
Had Tuans mwaTvesgieliianmsvesnaraila pGEX



108

200

3

E

a 150

=0

£

‘g

E 100

£

=

-

2 N I

%

L]

-3

w

0 T T T
none induced 0.10 0.25 0.50 1.00 2.50 5.00
IPTG concentration {mM)

~ Yy v = A = o0 q ¥ A I
NINN 41 WaVDIANUVUVUUBN IPTG 1/1mmzﬁwqﬂGlumin/iumuﬂmﬂawuuuﬂﬂau

BpGT waaeu laiiumsams 1seen lalasaa
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1. Tris-HCVEDTA pH 8.0 (TE buffer)
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4. glucose/Tris/EDTA pH 8.0 (GTE buffer)
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5. Tris-acetate pH 8.0 (TAE buffer)
4
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EDTA 0.001 Tuas
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6. 6X gel-loading buffer
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7. isopropylthio-B-D-galactoside (IPTG)
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Nadans uduawn Znso, 0.01 5 (Wszww 50 Tulas Tuas) Mnmiumssumsazaegisonna
4 q'.l =~ 1% o w a
Wudu 6, 4,2z 0 Twa1s TaedegiSonn 180, 120, 60 Az 0 N5y MWAIAY LA NANEITAZAY

A ax 9 9
DU AMUITUNAU

J
21. Binding Buffer f1%35umsuenu3gnslisau

NaCl 140 faaTuans
KCl 2.7 faaluany
Na,HPO, 10 faa Twany
K,HPO, 1.8 iaaTuas
DTT 19391 1.0 fiaa Tuans

%1 Na,HPO, 1.44 n3u, KH,PO, 0.24 3%, NaCl 8 n5u ttaz KCI1 0.2 n5u aza1odie1i
[ 4
AaYN 1000 Hadans U5y pH 1 1AM1AY 7.4 A28 NaOH 9101 UNTOIRIHINILUTUYUIA 0.2

Tunsou
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22. Elution Buffer \13umsuenuignsllsau

Tris-HCL, pH 8.0 50 fiaaTuas
reduced glutathione 10 fiaaTuas
DTT 1.0 Haaluas

Tris-HCL ANMANTY 50 ad 1uaneans pH 8.0 Wi reduced glutathione 1¥NYU 10

Haaluanoans uaz DTT MUY 1.0 Haa luadoans

23. Thrombin solution dHSUMsHENUITNEIsAY
azaneou lwinsondyu (GE Healthcare, USA)500 giln 428 PBS buffer pH 7.4

=

U511a3 500 lulasdas (1 giiade 1 lulasans) auwg udwduiuldluvaea lulasiadl

QN -80 DIFLTALTY A
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o a d
PISAIUIUMNIIINNDINY

o d
1. M3MUIUHINENLY) Yo uoU 193l (enzyme assay)
1.1 msmfSinamesmatlulalueaoindsanIns I lamm3

a dy 9 o a J [ I
manaivzgnldlunmsmuiumnanssuaeseuleilagrzulsduasany
Aa o s a dg‘ v A =~ £ a a 1 9 4
pandumnavu uaews lulasilueadunavninunians Iseougndosaaisdioon la
a 9 o LY 1 A d' d' (%
wnsanislseoulalasiad udrimsiasinmsganauuasianuenau 410 w1 lumas 49

NINN 73

16

14

12

1.0

0.D. 410

04

02

00
0 10 20 30 40 50 60 70 20 90 100

p-nitrophenol concentration (uM)

2 73 nalinasgiuveanst luTasiluea

06
03 4
wvi 04 A
=)
wi
a 03 4
2 y=0.043%
02 Rz=02006
0.1 4
0 T T T T T T
0.0 20 40 6.0 20 100 1240 140
concentration (ng/ml.)

MU 74 namnasgiuaes Tdsau
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mMsfumaNudutuYeelUsAu (otal protein concentration; mg/ml) Tneldgns

Y
graae la)il

A 595 of sample N 1000 (ul)

¥ 1000 X totalvolume of sample
slope amount of sample

9
%

£4
o 1" a J .. v ~
MIMIUmANYAININITINEN laiRarua (total activity; umole) Tﬂﬂi%’qmmm‘lﬂu

A 410 of sample “ 102 X 1000 (ul)

¥ totalvolume of sample
slope amount of sample

° 1A oo . .o . .
mﬁmuammmmﬂiimau%mnmz (specific activity; unit/mg protein) Iﬂﬂi%q’ﬂﬁ
4
aaao i
total activity
total protein concentration
o a = 4 9 [V ] dy
MIMUINIANUUTgnSvoaeu 149 (purification) Iﬂﬂl%@@]iﬂﬁ@mqﬂu
specific activity
initial specific activity
o 9 a Y o 1 dy
NIAIUIUKITDIALVOINANAN (% recovery) Tﬂﬂ%qmﬂwa"lﬂu

total activity

initial total activity
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Meo
AchE
BMM
bp
BSA
CE
CNTs
CTAB
Cv
DTT
EDTA
FPLC
GCE
GSE
GSH
GSSG
GST
HPLC
IPTG
ISE
kb

LB
LC
LD
MP

mpd gene

Aeo

a5

acetylcholinesterase

basal mineral medium

base pair

bovine serum albumin

counter electrode

carbon nanotubes

cethylbimethyl ammoniumbromide
cyclic voltammogram
1,4-Dithiothreitol

ethylene diamine tetraacetic

fast protein in liquid chromatography
glassy carbon electrode

gas selection electrode

reduced glutathion

oxidized glutathion
glutathion-S-transferase

high pressure liquid chromatography
isopropanol thiogalactosidase

ion selection electrode

kilobase

Luria Bertani

lethal concentration

lethal dose

methyl parathion

methyl parathion-degrading gene
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Meio
MPH
MFO
MWCNTs
opa gene
opd gene
OPH
PAA
PAH
PCR

pl

PNP

ppb

ppm
RE

SDS
WE

X-gal
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ARELE

methyl parathion hydrolyzing enzyme
mixed-function oxidase

multiwall carbon nanotubes
organophosphorus acid anhydrolase gene
organophosphate-degrading gene
organophosphate hydrolyzing enzyme
poly (allylamine hydrochloride)
polycyclic aromatic hydrocarbon
polymerase chain reaction
isoelectric point

para-nitrophenol

part per billion

part per million

reference electrode

sodium dodecyl sulfate

working electrode

5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside
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sz IngIde

WBDUINT 1ONAMUTIIN

Mr. Anirut Ekkhuntham

17 §u1eu 2527

59/182 mﬁ 10 . 13 9. WIS 2 HUNUNNA [UATONUNDY

2. NTUNNUHIUAT 10150

o = 1] ] ~ [ A 4
dusamsanu luszauisevtatsninlsauseusaulndunsan Inyuia
YUY HUVIANAT VAU RYUAIY V. NFANNUHIUAT
a d o a A =
Meemansugg (nalulagyinm) auzmaluladgnamnisy

a v A [} [y} 4
uIneaeAalng Wiz rlauuiung uasilyy
=4 1 % = -7 =) =V=|
Anwiae luszaulTyaumtiuga awuna Tulagsinm

yvIneaeaalng

=

A A J
n1slnauiauaznsAnuInMaNAvesdunadeens Iuu GnRH
Glufg]lﬂfsﬁilﬂﬂm Macrobrachium rosenbergii

@ 3 s A o ] 9 4 Aa
mawau luTodweos iloasiaiasiaiuuasIaglgou ladunmsa-

w1 IseeulalasaaainTnay mpd gnme

MIUVTUONANUITING

Poster presentation

N.f. 2550

N.f. 2551

Purification and characterization of methyl parathion hydrolase from cloned
mpd gene (33" Congress of Science and Technology of Thailand (STT) ﬂ'agj N
fi33)

Optimization of expression conditions for recombinant methyl parathion
hydrolase production in Escherichia coli (34th Congress of Science and

4 v
Technology of Thailand (STT) ATIN 33)



N.f. 2552

Oral presentation

N.f. 2553

N.A. 2553
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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) AsIN

21)

Development of biosensor for pesticide detection using methyl parathion
hydrolase from recombinant MPD clone (Pure and Applied Chemistry
International Conference (PACCON2010))

Development of biosensor for pesticide detection using methyl parathion

hydrolase from recombinant MPD clone (M313zau39%1ms Iasamsnuive

@ a a o = 091/ d'
Umyana ann. guInemaasiazing lulag a3 4)
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