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50401207 : MAJOR : BIOTECHNOLOGY

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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S Y =

daedvesensiualszanifiounsieranseiiga 1dun

a J ] a
DOAANITU (VU (NUA

= 1 a o 4 ad J
PUADU LYU FAADNY, Tasa 25 ey

ladraTvaou wu ladaaou, Tuansng, 15 Tomiinou

wHIued 15w Weaasw, Wived, eawly

] a ] 4
w51 l5e0u w1 Taaea B 605, Wi31aea, W31

] < J
Worsn 1wu 5w, unsuyiond

= ~ ] ) 4
FIMATU NI0 IE]L’E')&JWLE] LYY llﬂl!Wﬂ, INaaDN 3, Vl“]fl,l,ﬁll

4 ] (] d A a L4
NN U Woanng, Ulod, Aaand

15 Towdu aru Ty, duvlea, & Tuvlesa

U ) 1 d‘du Y 9 1
VI’JE)EINSIIENEIW»IH!NENﬂﬁz!ﬂ‘i’lﬂuﬂuﬂ’ﬂﬂ’ﬂﬂ!ﬁﬂq& "lmm

99aA51 1Y DoAIA5 N, 0oa ladh, o InsAu
lalasTanea wu luasu, msdasou, pamuoa
a3 1w Tu I5eeu 1w laslsoou

lalaaded n3e AadN 19U uenmsa, tady, Tulnd

=S

= a 1 g I a 9y o =~
ANATU LBU AQLATNEY, ﬂﬁ]lﬂi‘l/], L’E]‘L!Tﬂclﬂl



a 1 oY < 4 a
- puATH Y lasuilen, lowasnd, l3naasy
a 1 a a <
- wanFawn Iseen 1w 051ya, 11a Tva, TWdaoa-10u
[y v ] d‘du Y '
feehavesenanuuadszaniiiouasisthunana 1aun
- egudoawFa wu wulseou, gw lseew, olsoou
- TU19¥% uazauAy
4 1 J Ja 4
- AARSIAY LU AADTIAY, AABIAAA
[] J 4
- quea 1wy Ia-51a, 108003 21/199
2=} ] < 4 a 4
- o @ Tun e weavhnend, mgav, dilaast leq
] a [S4 4
- e Tsen iy lanew, 5a15m, 151005
[ [] Aa < 4
- euladamy iy 15 Tea, tledn, Towindg
] Iy Y o a 4
- wlulseou Wiy wdInndg, e, wesuail Tanea
[y | | d‘dv ; Y
fieehavesenanuuasdszianniiouasiad 1dun
= 1
- miWod 15U 021N
& 1 4
- a9 1 1w 031 laydl
- M5UI3a WY Y, 10e-85
a [] 9 o
- a0 lSUFEn 1Y oAUy, aow 1M
AaAA
- @fa
- lalavea wu warsu
- walsesy
4 a
@nwdou lseadifesa, 2527)

1.5 msufasulasgasiassadisvessnshuuasszianeasmluemvinluiy

€

d
tazdn’d
4 1 H
Tudafinoagnareuy imswldouulasarslandasuidn 1 lusanelag
o q ¥ 1 & £ = o W Yk o o '
M ldeglunmdalivszquiniu Jeazanirlaaan uazgniidaeenaniemeniailaay
Tunindenan nielunimuosnouginad (conjugates)  dauiwiinazildsunases
uandasuTedlunmdssz il §asertunil Ind (peptides) Tls@unsems Tu'lawsa
miudsunilasgas Inssadwveseainwalszaneesmiuoamlaludad

dy Y A 1 1T a d? Ao &~ 4 1
lagdgnalguy fnﬁ!‘l]aﬂullﬂﬁﬂﬁ?uiﬁﬂglﬂﬂﬂlu'ﬂﬂﬂ “ﬁﬁﬂJL@ullclﬁJL@ﬁWIﬂlﬁﬁ (esterase) @EUJUJH

[
=1

SrumndgaserineadesdunsnlasunlasgasTaseadevesenaiuuasszian

]
A o W

pasmluealandrda 1dun
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151 Ufasermsnlasungulslelu  (thiono) 1ilunguesnias (oxo)
FalgnsernisinaecendiaduvesdardesvzilasuaiseanelslsTotund
(phosphorothionates) 1Huodila (phosphate) YATodanaruiuilfaseordeinlei ldansd

QO’Q d? d' 1 . U = a o d'
qmm@mu‘nmullﬂﬂﬂmn (microsome) YoId L Tngdl NADPH, Lag9anEaU aN1NN 8

Y S R' fﬂ
0
\p,// + NADPH, 2, \p + NADP
{ N\ | 7 Mo
iR Acyl R e

a8 mauldeunlasgas Inssadwvesssinwaseare 15 s Torundifluanslugai
J
pangNs (Wodiua)

AN WD aavail, 2531

[

Aaaa a a @ I Aaaa §
1.5.2 Ufnsevendaiinadaniiadu (oxidative dealkylation) 1Ju1lfATe1ds

v v Aa

d‘ v o o aaa a = A o a % 1
ﬂamaﬂawauﬂu"luimmu %ZQﬂﬂTﬁ]ﬂ@@ﬂIﬂﬂﬂgﬂiﬂWﬂ@ﬂcﬁlﬂ%‘V\lﬂﬂaﬂﬁLﬁﬂfu LYU

Q

= ' . a . Y A
msneaiuwad lamI5en (dimethoate) tazoavhiinou (phosphamidon) aataaglunIng 9

] 1 <3 a ®
wazenaiuuad ¥y dalns Inwed (dicrotophos), Totdudite (OMPA) tazie lwaA5Y (azodrin”)

[ 4 4 [ 4
aaedaldwe ludn ludmsunun

"y
H . CO o .
PN ,C2H5 SCH-CHy
Hyco” "U-nI:.-riI:-c:u—u\ — G N
HC €l CaHg C Mg
phosphamidon H
’
- N\ — Yy —uH,
C Mg
"N 5@ H n
Fa . ra _
HJCG’ \5— CHI-CU‘N‘ —_— S— N\ F-——--S NH,
Cily til-iz
dimethoate OH

AMNN 9 Myaargarvetenaimal weavhiaouuas law Tsien

AV WA davEil, 2531
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Aaaa a @ = J . . . S
1.53 ‘]JgﬂiElmﬂﬂclfmélfuéljﬂx‘iulﬁiﬂﬂl,ﬁ@iﬁ (oxidation of thioethers) 1Wu
aaa @ { ) [ Aaaa $ Q I { []
Ugnsermsaateddrniianudriaglgnservie suiumsldsvesiuwasilszinn
{2 I o o
posmIurealanilulsledses IHiluasdanenlad (sulfoxides) tazda Iy (sulfones)

WU MITA18A0981901Na 1WA (phorate) Adtaadlun i 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 Hyc,07
52 r _CZHS 52 S—CHz-SOZ_C H‘_

AN 10 MITA1IAIVDIIH LA TNI5H

AN Wan aavail, 2531

Aaana v @ I Aaaa { A g [ Aaaa
1.5.4 URATe13anGU (reduction) 1Tulfaseriinatiunions nuljnsen

pongiatuvedlslo Tudamlosuazifnsorlalas lage drodrugu maalnsoisandu

Tagl4ou lanidanlasuniasnguluTasve s 1seeu (parathion) ungueziTu daang

A
Tunni 11
HoCL0 S H.C.O al
572 \P' Rumen 572 \P‘
” \0 H.C ’
Hsczo NH, s 20 0o N
) Parathion
| 1
li.iver l 1 JLivor
. o 0
H5C200 & 520\ 2° HsCa0\ 7
N N N
. 0 N
HgC 0 o—@— NH, H,C.00 Non HeC,0 —O— o,
HSC;,O\p’,FJ
L
Hsczﬂ on

~ Aaaa = [}
i 11 Ugnsemsnlasunlasenaimasmstlseou

AV WA aaveil, 2531
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aaa 1< aaan {a 1 Y aaan
155 Ufnsenlalas lada (hydrolysis) iuignseninfasunuignasernis
o A P Aaan yw 1
aaedrduumunnuu o lesin1$lul §nsendisinEsndweanunda (phosphatase) 150019

~ d‘ ~ ~ ] I 9 Aaaa
FenaurypuIasNgnlasuullad 1y Ws1eeAEB UMY (paraoxonase) 1WUAY  UPRATEN

'
A o v =

1 4
lelas Tadalaoou ol udfasoididayigalumsiildessmlureaanuagnd

57

]

A 1

A aaa a A a dgl a 9 Y 1 1T A 4
vz lulgasemsnanyizinadu iwenguieanesagniie 1 Idunnquasu-ueanceea
9
o aan %3 ) QU 5
(serine-alcohol group) Tutou Tassi Tndutoaimesa (cholinesterase) AT oM ITDIIZUUITUAY
= ] 4 4 [] [t 1
gnuesgraiuatens mIuemaszgegaiosiaiwaudngsranie uazyudnioly
1 d‘ ] 1 a a d' o Y Q{ ] d' 1
smelunmi lihdenmsinalalas lagaiildnuagns wazesiwwaslunmingnauda
4 < 4 <A g ,
asgnilasuuilasilunmnesngnsnyaeengn’ (site of action)
Aaaa Y] I aaa { o 1 a a
1.5.6 Un301mougndu (conjugation) iuilfnseriiirligmsinaais 13wy
B 091 9 o w v J A Y =
Feazaroi lauazazgnidaeennndainoazau 1 Tuiy
d
a d
1.6 nalnmsesngnivesensimuasiszinneasmiuvleavla
9
[ o d
szuulszam Tasduvvesdadnoagndreun Uszneudieszunilszaim
dIUNAN (central nervous system) LT zuvilseamaiutaie (peripheral nervous system)
' 14 @ [ o Y A g
sevudseamaiunanniseneualsaueauas ludunas Mniiiiuszuunareluns
. . Y J o Y d 1 1
WAUNEY (integration) laglsaaqilszamiiudiugman dauszuvlseamaiuae
1 a ¢ i o {
UsgnoudieszuDges Ao sz UL Tw1An (somatic system) Fuduszuunimeniniuguns
& o o y & v 2 v
waou vl Taslin1591191UU99n Ao A U0IABUNITNTZAUIINAUIAADY HAZTZU
1 Y
Uszamon Tuid (autonomic nervous system) FIAVANMIRINUVBINA MDD Tz 10U
1 1 Y 1 9 Qd 2 Q' =) ]
uazAeNA1NY szuUTignaIunu TngszuugesaeITzULF0ang nEATIt A uLaz FaliEaa T
1115017970 14 (involuntary) srvvUdRedanalaud szuvulseamFud usan (sympathetic
nervous system) HaZ3E UV 1YL UFAN (parasympathetic nervous system)
a a 9 1 . (] Y 1
sruuguusanilsznaualei]uilszan (ganglia) vuialugidenusguen
1 ] I 1 [ 1 [} [} J a P 1A
sruviszamarunant nieenituegie TaedgyaiaazdrniureadInguuuldnogusn
Yuiszam (synaptic gaps) Taodoinliozdaa Inau iduilszamlugiiideninauesaiunais
mdstjulszamdususenindullseamuonsounoutluilszan (preganglionic  axon)
1 Y
Wudseamlugisiaeniniludseainldfso o 1gu ndruilensoden 1515001
) o 1 L. £ A = a a .
muﬂ5zﬁmuamauwmﬂnﬂizam (postganglionic axon) HITBIANLDATUEAU (adrenaline)
A 4 = a . I d‘ @ [l ] [] 1 a 4 [ 9 dy
NIOUDSUDATULAY (noradenaline) 1WuarsFodyudsiiurosineguuuld lldindunile

A Y A ' A v £ YA = Aaa ~ '
HI960U (YNIIUADULIVIDUALADULDATUA (adrenals) gelsaoniiosdaanoan) aiussuy
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a a = U < ' V@ 1 J 1
wingulusanzivmnevesi)ulszamanniinizneegingllludiuaieg  veesane
1 % 9 Y 1 22 o Yy 9 [l 3
AIUNNTNNUNAUYNYDI0T8IAe  Jum liidulseamueasounasi)uilssamdu
1 a a A A Qaj 1 [ YR I aa =
N srUUNINFVUsAALas Tz ameneutasnawjulszamiluesshanean
A19819MINIUAUFIAT IR UL T T U DS usARLaz I FuL usAR 15U
svvugutusaailiinansisamaduvesiale msaamsaeu Inivesnadue1nis
[l 9 v 9 ]
MsuItue msngadgimanauiate luvazhszuumsgulusaam ldnmsduvesiale
) 2 A A I~ ) A =\ Aaa = o Y ~
a9 umsnaou Inivesmuauers iudu lumshdemiiozsaansauvziimiinlu
A o 9/3 A =\ an A & oo =\ v 4 9 9 A
mydedyalaiu Foniiezsaanoaudiiamuniiogluninedmesazdosgniie lndu
A o Y = o <3 B £ tg "o o
nyegni lvnuagniaimelunadusiaGiszeznamiy FWUBIAUANYAULIANIZVD
1 = 1 dy A 1 = P = 1 4
uraeeengNs ludiuveuvaluaziilo@ovees1anie dou leiduSonineon Lo
an = . = J an = Y
Pz FAANDAUIDAINDLTE (acetylcholinesterase W50 AChE) a1u150 lalas ladessaaneauln
3 = aa 1 & A Q"s) 4 an = A os/‘
Wuneduuaynsaezgaanunassaignisueu laiszFaaneauoamalsanounarua
= o oij o 4 aa Y
20nONT lAemMsdudimsninuveseu lsiszFaanedueameosail
[l 4 = o OBJJ o
grainasdsznnessmluleaavreengns lae llduginisBiauves
4 aa = @ A qaj 4 v @
ou lsiosgaanedueanosd awaadluami 12 Tasluduusneu leiazduny
P a { @ .
a15dszneveesmiuneaaluamvesansdseneuBedouiannsodounduld (reversible
3 o = 4 1 .
complex) ntiuou ladazgnioaneSian (phosphorylated) 1d21/do8  (leaving  group)
7 £ b4 < v 2 9
d13dszneveaim Tuemile Faluduaeutiaglsszeznaiuiu vazluduganioas
a aaa 4 aa = 4 :JI
ez lalas lagaldionlsies Faaneduedmesanazoava tosninluduaoy
[ dy 9 a Aaaa o Y a ana = A A 4
mat lgszeznannulumsnalfnse Mmlnmansacauvesozdaaneaunduunldves
4 ' 4
duilszem daiudeih ldifansnszquilatelssemiiviiuediann lunsaiguns sz il

FalFIndaundIn 1@ (Perry et al., 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 %
MNAN 12 ﬂ1§fl']_lfl\iﬂ”livn\ﬂu"'llﬂxuﬂuIl“]filli’)ﬁ!ﬂf’]ﬁﬁiﬂﬂﬁ"ﬁﬂigﬂ@Uﬂ@iﬂTIuV\lﬂﬁW\lﬁ

41 : Perry et al., 1998
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a v J
1.7 eimsizvessnanuuasdszanessmluvleavin
1.7.1 @I1MSUUUNaAITHA (muscarinic signs and symptoms) ﬂﬂ%ﬂﬁnﬁﬁ
[ 2
WaA31A (muscarinic receptors) dHIUBzFaansaunudIulvaindmiiosou waluay
[ = d' a d? = d' d' 9 =) 9 a g’ d'
aoudineoimininatuluszezusnae ieems aauld euveu Hewdu wWia1lva mlseen
A
1 o 1 Y (BRI 3 =)
uamadi meganszuazilaane Insnau lieg manisvesnasaan viasaauiiionuas
I
euvizann Wudu
4 4

1.7.2 91msuuui InAna (nicotinic signs and symptoms) 21IMsuuUiinaIy
A an A A 14 A A 4
Hosnnmsazanvetozdaanoaunaelseamuemosuas NFuuuldvesszuulszamn
@ va A a dgl A Y dy 9 J a A kY dy A Y
on Tuiia 01MIMAAvTUABNAINHBYNNIZANLINATIUNA UMINTEANVOINAMTONHIN

9 k4 k4 v
Wi1l9A1 AU 191715 FUUTITUITNUIINTLANVINTUNII NG AoNITI9zTioIN158oUNAY
y R o a & o v A o

amunamiton 1l waziailudumavesnduniioluiiga

1.7.3 21013 N1NE N0 1He991nAuAnlnAvesszuulsyamdiunai

d‘ Y 12 A = [ 1 A' 1 4 U 1

pimsinuldun Jufsue  1aafsue 99 nagnszdunszais Auanledie o1suainganaIu
Y o ayy gy Ao = Y A
219IMIVINBINFIHAzHNAAA 14 JieRtieinsgunsane iy laiesnnszuumiele
v . . = a 4 yy A o v &L <
AuIVa7 (respiratory failure) Fe019AAUU lAvINaAaNALAY naHovesszuDwteluilu
o -4 o { ] o
ouwa tazguimsaruaumimelaluguesngaiiau Tusenions liguusuineins

dd? o 1 1 = 12 I a =
ﬂgﬂﬂluﬂlu 2-3 U LUATDDUINAY UlﬂJiJlLﬁQlﬂul'Jﬁ']u']u (W1an AN, 2531)

d Al
1.8 wansznuvesensnuuaslsznnessmluvleainnedundon

Y v Y
AN A o

Usema lnodlullszmennyasnssuinunvavuatszam 320 awu'ls

k4 v
Uszmnnsdszanadosay 70 TorFwnumanuas wazliiuimigilgniszam 128 dw'ls

4' ng ] 4 a 9 dy = o 1Y
maqmﬂﬂizmﬂ”lmmaglummquaqm AUDINMATDUTU Pju@]ﬂﬂgﬂ UANUHUISTUTINTUY
9

1 1 A v @ a a @ !
TsauazunasNazunsvereius laed19d nerdauazSuna msud lvilymidagian i

)

v o A

nuegodlaunsvateluilegiiuveunyasns Ao m3ldastlesiuuazsidadagiy

lumstlosnumaziidalsa uwawagisiy dldduur Tdumsidudasilosiuhdadagiiy
d? = o w Aa Yo S A o 9 =

qaunnl msdaauuasitdoyldiuunnluilszmeng Tastilsmaniudrgaga 10 atiausn

1343] w.a1. 2530 aauaaaluaisian 2
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A A o w o 9 ~ AA a a
A1TNWN 2 5']EJGlffJﬁ'liﬂ'ﬁ]ﬂLUJaQu'll"lﬂcluﬂ W.A. 2530 ‘1/]3J‘]J§3J’lm’(,:lf\3’q@] 10 YUALTN

AU : 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 358296 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 34131 532
Other (58 types) 1 821 361 207 920 359
Total 6 673 295 764 937 381

d‘ [ (% o o [ A Y tQ' Y 3 a Y a 421
:ﬂﬂJﬁTLﬂﬂ?ﬂUﬁWﬁﬂﬂQﬂuﬂT%ﬂﬁﬂgW%@ﬂﬂNiuﬁﬂl!’Jﬂﬁ’ﬂMuull]’lﬂlﬂﬂsllu
Y
4

A Aaa 9 U J 1 c?;’ 1 1 9 a Sld!
@WIENUNNLMS lFasimartiniiu LLGIﬁ'ﬁJ'IiﬂLLWﬁﬂiz%ﬂﬂlmz@ﬂﬂNGluiJﬁl’Jﬂ!ﬂ’JNllﬂ“lN

e linailymaunedeuauunsunnaisisanan luaurazdrduisrannmnanuay

mamsagaudunin vnaufansznelunssems wazunauduasldluau daulng)
9 Y Y 9

wgnAurzudivan luiuihhau lvaasguuaail smniuszifansaleneadismaiil

1 1 1 9 lQ‘ ==Y 1 1

W e nsidngaelisina e ae 1

1.8.1 Msunsnszaevesmstosnuidadagiiyluau

A

A :’1 1 19 9 o o v
Tumsmzalgnnasiv inuainsaulvaidesldasilestuiiadag s

U

9
a

3 1 AA o w J < A a K g 1 [ 1A
‘VNﬂfJuﬂQﬂ vauznnymMaua lataznoumsnuned aududunrassessvasivalil

o w [ =

dy [ a o a 9 9 A 4 o Y
Tﬂﬂﬁiﬂ uaﬂFMﬂuﬁTi‘ﬂ’é)\iﬂuﬂﬁ]ﬂﬁ@]‘iW“]ﬁJN“b’uﬂENLlElll1%1u@1ﬂ15ﬂ1ul3@u@’)ﬂﬂ1iﬂ

u

=KX A v A A

d' 1 dy a A 4? (% o w Y [] a ~
Tomanmsmariisgazanluauiadiningaddu mstlesiuiadagiaiandegluaueind
{ (% 9 1
msasundas i luvarednuas 1dun
1.8.1.1  m3aa1edd Iaglnsemiunll (chemical decomposition)

1.8.12  mMyda1ea laguad (photodegradation)
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[ a L
1.8.1.3  msaa1ead Inegnyaun3dgesaals (microbial degradation)
1.8.1.4  MITLMINNAUTUITOINA (volatilization)
1 9
1.8.1.5 mimﬁaué’wllﬂquwmﬁw (movement into water)
Y 1A Aaa .
1.8.1.6  MINFAINTIA (plant or organism uptake)
= a 9 [ o [ A
nnmsan1lsumasandnvesdistlosdunazfidadagiylu
Y

UszimetIneg asranvesandsludueguiniaiauazlsmm nszare llawaunsasnssy

a1 Museing awaasluasen 3

{ [ a a I~{ ]
M3190 3 szaumsiyandalsznnessmIuneamlaludwilu ppm (mgke) 1NUHAT
INHATNTTUMYTEmNa §1509002 A2 HaT 2119 WA, 2530-2531

AV : WIAAT NI, 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 £
1.8.2 m3sunsnszanevesanstlosnuidadagisluuvauihmsduilouves
(% o v o A ' :’ oaj v 1 dy
asdesiuivadagialunrdninivmnnnrasaungasee liil
9
182.1  msaanudsilesiuddadagivasguraniilaonss
% a g' 1 Y a ] d" A A 9
1822 manaszauvesdunazih vatmihauduiunntinig 19

9
mstlosnuivadagisnouasgurain
Y 2

1823  msszanerhnenntuseunas lssnugadvnssuildans

[

v o v o = 1 1 3' Al yaad o [ 0o v o =
ﬂﬂQﬂUﬂ1%ﬂﬁﬁEW‘D’ﬁ\‘iqt!ﬁﬁQUTIﬂEJiJllﬂll’?l‘ﬁﬂ1%ﬂﬁ1§ﬂﬂ\1ﬂuﬂWﬂﬂﬁﬁ'g’,W‘]ﬁ

w = 1

4 H
1824 msnnieanmsuzivssymstesiuiiiadagivasy

Y
Wrag

7 A

9 v o w a dy A Y v
1.8.2.5 ﬂ'lﬁ15]5’@'1iﬁﬁ]ﬁﬂuﬂ'ﬁ]ﬂﬁ@liw%luﬂimmwuﬂﬂ1ilﬂyﬁiiﬂaﬂ‘ﬂ

u

Y
GRS
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dmsulszmealne Imsastvaeursianazlsuiaasnyanaralu
v o W v o - o
uviaaria Iuazuvanilundaunsasnssunadszme Tudl we. 2530-2531 $1u2u 149
[ ] 1 4 a 1 dyd' d' A
f10819 wua1snqueoini lureaia 3 ¥ia Taga1slunguilnuwuuiniiganoe
wnTams 15eeunNuTUTY 0.68 ppb Aauaadlumsan 4
Y Y
UONMINHIINNINTINATIZHaNTREanA 1l uAUAZnEUIINUKAI
] o’z o LY L] 9 1 4 a 9 l
A9 Mszind $wau 71 @10819 asrnudsandnngueasmlunemua 5 wila 1dun

TanIsen, laozdusy, wnsanis lsesy, a1 lsesuuaznis lsesu

1 F 9 ]
AMINN 4 szduansnvandlsznnessmludeamaluiiminuraaimali uazuvas
I o a 4 L=
NEATNTTUYU ppb (ug/l) 15U BATITHRATLHINY W.A. 2530-2531

AV : WIAAT NNFT, 2533

Organophosphate No. of positive % of positive ppb (ug/)
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

1.8.3 m’mﬂﬁ'nmmmi‘ﬂmﬁ’ummﬁmwﬂuﬁ%mmi

L1l
A
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A dA '

1 [] 9 a o { [ a
‘(’Jf]ﬂﬁﬁ?ﬂfﬂm'lllllﬁﬂvlﬂ IﬂElfl‘iWENTL!ﬂ'Ii'Ji]EJiJ'IﬂiJWULﬁEJ'JﬂUﬂ?‘iﬁﬂ‘ﬂWﬂﬁu‘ﬂiﬂ‘ﬂﬁ'ﬂ]15’08@8

] Y o A
ﬁ'fl'lﬂfl'l“élﬂllllaﬁulﬂ aaaadlumsnen 5

A s 1

H Aa a [ Y
@l’li’l\iﬁ 5 Glfuﬂeumigauﬂiﬂ%ﬁmﬁaﬂ@ﬂﬁm%wnmaﬂﬂ

1 : Aauagen 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 WANITNUADEINTINIUTIIAADN (Effects on  Organisms in  the
Environment)

wmFaw lseswdusaiuuaslunguessmIuremaillosfuuas

o w £ a 9 o [} 1 ~ a Aan o 9 9
fvauuad sunvasnsdenlsnuedraunsvate Iaglud wa. 2536 Tanamsuuiiulsly

v o A

I v o 1 o 1 Y] a I a i o
Uszinalnogauiusuaui 3 vesarssriadagislungudediu aadudsuaiiud 1,117

o A I~ 1 1 9 A 9 a 1 1 <
AU mmﬂummwn 70 a1UUIN ﬂWﬂﬂﬁ‘ﬂ1!ﬂﬁi%m‘ﬂ‘ﬁﬁw1311ﬁﬂ@uﬂﬂ1illWiﬁﬁ1€Jlﬂulﬁ(ﬂ
Y dy 9 1 a 1 A 9 Yy Aa 1
anwumﬁﬂmﬂammmﬂmqafﬂuwaﬁwamqmim‘ym YU WY WD uazwa'lwmmm
9 Y v Y
sauieuraslunuimizdgn uraiIsITUBIANAZAUINEATNITTNBGLAND
(NSVIKIMSINHAT, 2537)

I A AAa A 1 3’ J 4
’ﬁTﬂi’UNﬁﬂ‘i%‘ﬂ‘]ﬁlﬂ\?Lll‘l/]‘ﬁﬁ’l/‘lTi'lhl‘ﬁfJ’E]‘LlG]fJﬁim%lﬁﬂﬂgiuuﬁ/‘lﬂﬁﬂuﬁﬁ’ﬂu

o o A o 1 3' ' <3 a a J
Iinszgndundsnedeegluii Taanuiluivvesuniamislseoulunimvesar Lc,

ya A

. Yy 9 { o a P
(lethal concentration ﬁﬂ mmmmummmiﬁ‘ﬂﬂwmﬁéﬁmmﬁﬂmaﬂm SOLﬂﬂiL"BuG})

[ [ 1 v 1A v Jdo 1 l 1 a a o
aglugaaiosndn 1-40 luTasnSudedns dadisminvesiial LC,, aglugie 12-25 Haaniw
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v Y
apans Uamzianazdanihvadiulng a1 Le,, oglusia 6-25 Haaniuaedns daiunas

Y Y
o T o

] Y
nan@eaMIAanuunsans1 1seoulndunanil iy vueari udi taznzaanluaning

v
= =

aA o [ a v o I Y a wva
NUAULLIN ﬁTViiiJNﬁﬂﬁ%‘VI‘LIﬂJE]QLlITI‘ﬁE]Wﬁ11TJE]E]HG]E]ﬁ@’J']Jﬂ NﬂTiﬁﬂHﬂuﬁ@ﬂﬂ&]Uﬁﬂﬁ

v a 1 I a 1 1 a
nwuanunsams lseoulimanuiluisaounlunimvessr LD,, (lethal dose Av 15w

v '
a Yya Aaa A

A A 9 1 :l o A Aaa ~ o =y J 3 P 9 (]
asiynlsaeiminvesdailsianin lvaadsIananyianas 50 nlesigud) nlvnaihned
Y
1ug19 3-8 Haanfuden lansuvenimiingd dwmsullszmalne nsudnmamnuas laansn
A o Y 9 ' 2 o ' o v 9 Ao IV '
asnvananludnuazwald Tasgunualedisdnuazna 10 TunoINImIan199 195U
' =~ ~ s 9 a d a a
uAsgy 91993 UUNYS Unusitinazyays Wudu nansizdriauazlsuauveaas
9 a U 3 1w 1 Aa o’q’j = a Y [] dy
AN TUKNAANAIM AT UNU A8 19N UATITHNIHUANFTNNANA U081 LN asl WAl ou
Y v 1 Y
agﬂszmm%’aﬂaz 75 YDIAIDIWNIHUA AAULAAI 1UAITI9N 6 BATAITIN 7 UBAINTTINLN
% [ { ) a 4 % [ us/‘ a a a
Tudregaduminniniesosay 12.8 ¥93d210819M9Mua J5uauunianinlseounuy
1 (% d‘o Y A A a I~ 9 @ [l oa/’
manudasadsniivuall @Usm 02 ppm) Aadludesar 1.4 vesdied1aaviva

(f‘l'i'Jin“Iﬂﬂ”l'iLﬂHﬁi, 2538)

AN 6 NUIUFIDEVDIRNLAEHNA T NATIINUATNEANA

U : PFNIFINMTINEAT, 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 Yy A o 9/
AT NIN 7 %u@]klﬁﬁfﬂﬁﬂ’]mﬂl@ﬂﬁ'ﬁwyﬂﬂﬂ']\?‘ﬂ@]ﬁ')‘ﬂW‘]Jal.uWﬂllﬁgwath

U : PTUIFINTINEAT, 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
91051891UN15398 TUHIA199 vouunsan1s1lsoeu vziiuldn

a

a I~ [ o a L Ao I
wnsanislseswlusiamuaslszianessm Tusamarianitantanuduiiyaa

U

asasuriulina wilauaznsniela vinlasuludsuauineeilfidesia’la

1 <] J [ a 1
o619 lsnauudinlszmaansgomsnuazdszmalunquanaing sy 1ddsemad s
] a dy dy A Y < 1 o v 09: o A

oaiwnassilai luiuinmsneasudinawes ludszmasiaaiannsunaszmea Inedadl
9 ] a dy (] [ = o 1 A A 9 = as

M3 lFonaiuasyiatesnaumsvate Jelianuiuilusdndsnizdesdnuimitdesaaisuay

dy a A a A [~ Y] 1A 9

aamstudouvouuniawms lseeountidszansnmgegauas bifluduaseaeduadon

&£ an 1 1 Y a AdD d anasn Aa a ~ [

FaIsmsdesdalseauaIdegaunsoniuisnilszdnsnmgege siagningauas la

I o VA Y qa: a

Wuduasidodanndon (Munnecke ef al., 1974) autiulumsfnyIMsuaaIoonaznIsHan
a = 4 { 1 1 a 1

uenusgnitonludvesdunamisadesaaiseaiuuasunianis lseou uazeraiuuas

a ~ o =R

[ Y Y [
yiladuq lungueesmluveamaluiogaunsd Suiluanuiiugruiieni llsygnd 14y

maulszansmmwmsmdaastiznneamaldunadeuas 11

3. 1¥euuANiSY Burkholderia cepacia WenanIadosaangesnuNaunTamsIseon

(Keprasertsup et al., 2001)

a a

dy a A . . ~q av ds‘d AA Ay
IO UANLTY Burkholderia cepacia mi«viuawm%Elouuummwmaummmsu

~ [ I~ ] Ao ~ < a a
avimmmautunou Talafildnyaz a1 Nuuas vinaan deamasimalumsasy wula

9
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. . Y [ aaa a . ..
(aerobic  bacteria) Lm&’iﬂWﬁ‘]J’Jﬂﬂ‘]Jﬂgﬂiﬂﬁ]ﬁ]ﬂ%mﬁuﬁgﬂgﬁuaﬁ(0x1dase-posmve and

catalase-positive)

9 Y v
=3 =

dil A v A 9 A o Y
WouuanGeartwen laaniunnuasnssuluvanasdy 1y19u19nentioe
a a 9)4' a 9 = =\ va
NTUNNUMIUAS dnsosyan e ldNgungiiies (2612 esrusaiden) tazlinaauiialu
1 9 ] Aa I 1 4 = 1 =\
msgesaalouas l¥eauuauunianislseeowidunvasmsusuieauaudasdr luns
A a dy A A @ dy l ] a I
wiyaula TaofouuaiiSearfiagdosaatseraiiuuauunsanisilseoutiu
Y Y Y
w1 luTasWuea wenanildiamnsodosaarswiar lulasiuoass 1l1d0nd28 m31aeu%0
A dy dy ~ 9 [l Ao . . S
%uﬂui]zmsN1uamﬁwﬂizﬂaumﬂmﬁmmuﬂu (basal mineral medium, BMM) %
a Yy 9 [ 1T A Aaa dy S A ]
wnFama lseeuanududu 50 lulasnsudolanans lageuuanGerzausodosaaly
1 14 @ o Y dy dal ~ ~ A A
gaiad ldvuanielunal 12-18 ¥ 1ue dunaldarnensasusenaasuanndmersu
I [ P [ a I
maeuiludvnyulasoulainlddesaaemmianisIseouilu membrane bound waziinis

v Yy Y Y
HAAIPO AUV UenIINTFoLUATNSedTld auITogpeaatenIal lsoouLas

v
a [

£ g ' ' P [V ] A 2 & Adou A
llﬂL‘JJT‘ﬁLE)“I/IG]NLTJ‘L!EJ”IG;m!,Lllm111ﬂ@h@ﬂ’iﬂﬂ‘ﬂﬂﬂﬁlﬂﬁ%@ﬂﬂ?ﬂ IHDNITNULBDIAUNTYAIU YN

Q

a a Y 4 { [} J 4 < 1 4 J
aunsonsyauIaluemsinesdentoaiwuaavariiunrasms vewivaunaudon 1a

Y
@ < aa
M luomsuduaze1mIsivan (L%‘HQTJTJ'@L! FINTIFNT UATAUE, 2543)

U a

a A A Y a (Y] = A da v v
4. 1YNUNTI NNYIVDAUNYINUNM IANHIaUNIIN AN TDPDY T8I AUNAY

=\

Y w P} ' 2 A ' ' o Y a Y
1]‘0@]1]1!11ﬂ']3GlGHfJTCJJ']LUJa\ialuW‘LWllﬂ‘HﬁﬁﬂiﬁiJ@EJ’]\T!LWTH’@’]EJ qualﬁlﬂﬂﬂ'ﬁ@ﬂﬂ']\i
£

[ 3 [ oA Y 2K A =2 an [} [ 9
VOINNMNAIFUT UOUATIUADTILIAA0N TINNITANYIITNITIDIA Q101N ILNAIAY

A I

a 4 4 a l a 4
aunso (microbial degradation) Lﬁ’fNfl]1ﬂ%qﬁu‘ﬂ3fJiJﬂ'J"Iil?ﬁll15ﬂ11‘lﬂ1§ﬂ’ﬂﬂﬁﬁ1ﬂﬁ1§@uﬂ?ﬂ

oD

@199 MUY sz iudanuranatelunszIuMIaIUBaTUas IANNa NS0 1UMS
Usudr lmdnnuaunedeunuandisesn l'1d
= = dy S A
13 .91, 1973 H510NUMTUEAFBUUANIS Y Bacillus sp. Uag Pseudomonas sp. 10
A A g‘ 1 A A 1 =& dy QBJJ A A QSJI a 1
AUMIMINNT I U IUNAINITI 500U FUFONIMUATNS 8N 2 ¥HATIUITDg0T AN
1 1 =t % I~ H 1
w31 15e0uld Taewu Bacillus sp. vzdoeaarsniit lulasiueasauilunan ldainmsdes
Y ! A A 1 Y
aanewist lseou lailu lunse auuuaiiSe Pseudomonas sp. vzdosaaisnstlsesn'ld
& o \ &
Wy wis1lulasAWuea anuszdosaaronisilulasHusaldduluiase

(Siddaramappa et al., 1973)
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Tuil a.¢. 1974 TP15ANYINITEREAAIIEINIUNAINITIIFTROULAY
a ¥ A Aa A P A Aa ] '
wilulasiuealuensmar Tagldiseunaiizenuen ldanauniinislseouaniied
=" 1 dy a A 1 P 1 ] l
ANTANMINUINFRUUANS saIN1T0gREAA1ENIT1 150U 1Aa ua la1uITadosaaly
X g 4 1
31l TasWueasauiluwear Tulanveanisr Iseeude 1118 (Munnecke ef al., 1974)
dy = = dy A A =) d' ]
won1ni 1wl a.a. 1977 U518 UMSHENIFBLLANIT Y 2 ¥HA NAINITDERUTAY
=~ dy ~ [ a L= [ a
s lseounazmis lulasiueanniuitnuasnssulusgunaresiiie Usamaaniyowsm
AW Aa A YA = ' ) J
Taeouuniisenuen 1aAe Pseudomonas stutzeri FAaN30808a18W151 1500UA 80U Tos3]
$ 1 4 & ]
Nlasgoonuonivas (extracellular enzyme) 440 Pseudomonas aeruginosa ¥IENI50808TA1Y
31 luTasueaus liaunsodesaarenistlseen 1d (Daughton and Hsieh, 1977)
1 = Yy 9 o dy A 9 FY = 1T g dy A A
aoulull a.a. 1982 latidingeuuaiGedwdvandnyimuiniuronuniise
o o { 1 .
Pseudomonas diminuta azmMsnauveaey lsindesaarenis lsesu (parathion hydrolase)
dy 9 A AaA 1
HAQNATNNNNAANANYD I pCS1 (Serdar ef al., 1982)
13l a.7. 1986 #5189 UM TANMIBUNAINITod0aTA 1889 uNAT2IAN
s 1A o o
pasmM3 lureaman¥ednduessn lueandnsasy (organophosphate-degrading  gene;
§ o o s
opd) NoaeasHalimeulyiessnm Iuneaalalasiaa (organophosphate hydrolase; OPH) 1w
Y Y Y
\WOUUATNITY Flavobacterium sp. ATCC 27551 Tagduiiaseguuwalaiauuia 43 kb Wy
1 A A = [ v A 4 = )
AIUNUANUHUOUNY (homology)  nuBueasm IuWealaansuasuly Pseudomonas

o w

d'qu ' a i a J
diminuta  NANBDYUVUNAIANAVUIA 66 kb (Mulbry et al, 1986)Llﬁglﬁﬂﬂlﬂi1$ﬁﬁ1@ﬂ

Y Y Y 4

J LY

a = 4 =~ Y o a o 1 1 o o a = dy
17na 1o Indvestuiinindens 2 siladenan nuawuiing le Indvestuiiveudesides
yHualANUMounY (Harper et al., 1988)

Tudl .91, 1987 H5180umslSeuiisudnbuzveanaraianmivuasialioun

) ¢ A
a31ueulmini Iseeulalasaaninde Pseudomonas diminuta Wag Flavobacterium sp. 1ag
9 .. a dy == 3 a I [ ~ =~ dy
115 19 restriction maps  VBIWATUANNIFDUUANITING 2 yuauanlsouoy Taoyo
9
Pseudomonas ~ diminuta  UWaeia pPDL2 4U14 39 Alawanazi¥e Flavobacterium sp.
= a a a qgj S d’d A [ 1
Hwardia pCMS1 vu1a 70 Dlawed  Tagwaralaine 2 darundanumiounuluyig
1 v a 1 a 1 1 {

upstream Y0I8IUBYINHU3ZIW 2.6 N Tarduaz 1u%I9 downstream 1.7 A larua ua luaiun

A dy =Wl A A @
uaﬂmuamﬂﬂwmummmmmuﬂu (Mulbry et al., 1987)
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4 H
1) .91, 1988 W31891UMTUNFO Pseudomonas sp. NAMNTDIOIAA WO LNAY
a A 9 1 Ao & ' dy A A A Y
wiaws lseouaine1misidszneualrenssignduilu TaenuiudouvunfiGenuenla
] a 9 1 1 9 a Iq 1 o
dunsagesaaromwmianist lseou laua liawisaldumsianis Iseewiuuvasasveu

2

~ = a a Fl dyw 1 dy v AA o w
oauraudodlunsusyanTa ld uenanfidawuiuse Pseudomonas sp.  Aafilid1a
a = S A ¥ @ o @ A = s A A 4 = @
Hadlo Inantanumileususudiduiiingle Inavesdudueesm Iureavafins uadu
{ Y
U Pseudomonas diminuta 0% Flavobacterium sp. AUMIANINAD (Chaudhry et al., 1988)
1 = = = @ . . s
aoulull a.¢. 1989 IiMsANLIAMANYUY (characterization) Yoo lyiNamITo
9
dooararewin lseounnieuuaiiiso Flavobacterium sp. $112U 3 @18WUS fie ATCC 27551,
' 4 dy A A z v A [ M A @ v A
Bl uaz SC wuineu ladvoudouuniGens 3 enenuglinuansuzna limilounu uailo
o A [ [ = 4 = o'/ Yo v A = o
W mageuaNurleuiunviueesm Iureaadnsuatu Taslddrduiingle Inaves
= 4 = o I o 1A
duoasm Iuodiafnsuasuain ATCC 27551 11UAIM 599 (probe) TR
J = ) Lﬂy A A u’,’ [ o"dy 1 A [
posn1slunemiadnsnaduveuFouuaiTone 3 aroiugi luliannuviouny
(Mulbry and Karns, 1989)
=) = =< 1 = tﬂy =S A
13l .¢1. 1991 iM3ANYT pathway Msdpeaarems1 uIasiueavesuseuuaiise
1 dy a A a dy 9 = I 1 4 =\
Moraxella sp. Wudn¥euvaiseyiatianiseldmslulasiueauunasmsuewiies
1 a a 1 I 4
uvauderlumsniaydula uazauisadesdatonisn lulasiuea ldiiululasiuay
2 . L4 . C e . T J a
laTasadTuu (hydroquinone) Aeren lasyd p-nitrophenol oxidizing enzyme Fadluou lsiyiia
membrane bound (Spain and Gibson, 1991)
dy = = =2 dy a A A 1
wonuint 1wl a.d. 1993 Us1wIumsAnEUFBIAUNITINTIWIIDI0TTAY
] 1 4 [] [] 1 4 1 4
oraiua lunguou 15y 19 unaslunguAIT U NN (carbamate)  TagwuIuou lagl
£ g o 1 i’ A A
carbamyl  hydrolase G]NL‘]J‘1!!’0‘1!1"]5%114ﬂ@%&6ﬁ&‘ﬂ’0l5ﬁ (esterase) YDUYDLUUANLTY
1 ] 1 4 1
Blastobactor sp. M501 aunsadesaatvenaiiuuadlunguaiivuun1d uazmsdoesaais
[} 4 a { [} 1 4 g
YINULUAINITUITA (carbaryl) fﬁqagcluﬂqmﬁmmmmg% Arthobacter  sp.  RC100
4 [
Wwnetesnunanaia 2 ¥iiafe pRCI Lz pRC2 (Hayatsu ef al., 1993)
o v A 14
Tudl a6, 1996 T51001UMs Inautazmsmanuiing 1o Inauesdu opaA Vo9
dy A A A L] 4
W¥OUUANISY deromonas sp. JD6.5 Namsadesaatsaslsenevdszanooin Ilurloaa
o v A 4 [ o w A 4 4
udnlSeuieudiduiiongle Indvestu opad Mudidutiangle Indvesessn Tuvleaila-
v 9
ANSUATUVOUFOUUANS Y Pseudomonas diminuta MG 1% Flavobacterium sp. ATCC 27551

1 o v A = s ~ ugj 1= A v
wummﬂummia"lmmmﬂumﬁm“lmmmmmuﬂu (Cheng et al., 1996)
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= = = & @ A A A Y o
1 a.#. 1998 U51091UMT lAaUEY phnE  tag glpT  Fudluduithertesnums
A9RU (transport) EJNJ'miJENllﬂhlSIGﬁTWiﬁaV\lQ@ﬂTiWﬂmWﬂ (diisopropyl fluorophosphate)
Y 9 Y 9
YOUFO Eschericia coli K-12 TagnuI0uNa 2 suatiin 19140 Eschericia coli K-12 813150
Y
gooaaveaiunalalo Ty Insiiargoo Iswomma lARTY (Elashvili et al., 1998) wagdu phn
Y v
YOO Burkholderia sp. RP007 Nasngosaaly polycyclic aromatic hydrocarbon (PAH) il
o v A = s 1 o A A (] 9 .
Seviianale Inanuanaranndudunaiuisodesaats PAH 1@ (Laurie and Jones, 1999)
~ = [ dy a =4 a =
1wt a.#. 1999 U1BNUMIAALENFDIAUNTININAY HALNIANYT Pseudomonas
sp. A3 9NAY WU Pseudomonas sp. A3 eusogesgaremunianisilsesy, wanlsee,
. . = = a I 1
monocrotophos 1% diazinon ¥4 Pseudomonas sp. A3 vilasumnianist lseeuldidunvas
Pl o A q v a a . .
yoamsvoutazeaeTmneldlumsnin@ua (Ramanathan and Lalithakumari, 1999)
Y
143 a9, 2000 HT1WNUNTAUNVIYS Burkholderia  cepacia  sp.  NF100 ¥
[ [ a . . o [} a
anwensalumsdesaarsensinuauiilng 158eu (fenitrothion) Fuiluesiuasriia
& U 4 0911 a 9 [ a a A
niralunquoeesni Tuealaivifervesdunaraiia 2 iafo pNFl Hag pNF2
(Hayatsu et al., 2000)
' ~ ~ & A '
aou U .8 2001 U516UMTUINED Plesiomonas sp. M6 NE1MTDI0UTAEN
1 a Y I =) o ] dyd ~ 1 1
gihupaaunsams Isesn lailumis lulasivea tazsimstarsuneusadesaarseain
a Y a . YA ~ dyl a = o
uyauunFans1 Iseoudremaiia shotgun cloning 1¥we8utiluunsans1 lseeudnsuadu
1 1 < 1 a o 3 1 1
(methyl parathion degradation; mpd) uaeda lsnaunuuuaiGedi lieusodesaais
w31 lulasWueane 1118 (Zhongli et al., 2001)

Gl,u1J!@1EJ’Jﬂ‘L!‘LllIiWﬂ\ﬂuﬂ1iﬂﬂuﬁlﬂﬁfﬂﬂauﬂiﬂﬂ?ﬂllﬂﬁﬂlﬂ‘l&l@]iﬂiii\liuﬂi mﬁ"lm

]
=

Tﬂsm15131@14fu1ﬂmimym'5"liJmsN1uam151/11J5zﬂe°uﬂ:1auiﬁmmi‘inﬂumﬂqiﬂmmﬂm
Y
(% a a IS 1
nglna nazemsnedeytasziinians Iseowiludiuilszney vinmsnaassdiunsa
Y = Y ' Ao & Ay ra
ARALLYN Burkholderia cepacia ’E]’E]ﬂiﬂﬁﬂﬂ’iﬂﬁﬁ“l/lﬂi&ﬂE]“]Jﬂ’JULLi‘ﬁWJ‘VIiﬂl,ﬂu‘I/]UllliJﬂQIﬂf‘f
1 . . I Aa A 1 a Y g
WU Burkholderia  cepacia iJunuafiizeiamnsodosdaiomunsansl lseou 1aa uaziye
a dy a ~ Y 1 Ao 3 A a [ ]
iAoy luemisnlszneualenssgndnuniiioyedlueig 4-8 azndu
v 9 A - A A a ' A
Wuruveunas 0-3.5 1Wlesitud weimnaasuiinlsmnaung Inaasluomnsnuinnsiig
Ysurwnglaalifinalunmisiiuatiuaivisolunisdesiunianisilseou

(Keprasertsup et al., 2001)
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1 4 q'./ g
1udl a.¢1. 2002 H5109uBuses M luomafns UATUL (opdA)  VBUFD
~ ] ] 4 =
Agrobacterium radiobactor P230 N@NI0gosda1sIaNaslszinnoosm Iuoaall
o v A = s Y v A o =\ o dil A A
Sevilinale Imaadeduduessn Tuneaaans ua¥uve u¥ouUANISY Brevundimonas
Y
diminuta MG (Pseudomonas diminuta MG) HaZOUUANISY Flavobacterium sp. ATCC 27551
' Pl s { o
uaou lanjoesmluremlalaTasiaaie (Opda)  Ngnadielagdusssniluroaila-
o‘z 4 [ 4 a 1 4
ansuarueaunse lalas lageahuuaalsznnessmIuoama ldvareasiianien Lo
s { ™ o o
poim ludedidalalasiaaignooasidainduessnilurediiadnsaduy
(Horne et al., 2002)
1udl a.¢1. 2002 T51801uMIAALEnLUATIS esHiarileeenaIRAUanYINTO LA
a 1 ==t a dy 1 a 9 1 4
Tsenuwaneainwas TasnuaiiGeytaiiauniodosaaiommnianis lsoou ldod1eauysal
1 Y
wazieswunwiavewuaiGesiatinuiegluiwin Pseudomonas  sp. WBC-3 1uaiise
v
yiahdianuasolumsdesaaremmnianis Iseeuluanududugede 800 Haansuso
a dy A 9 Y= a Aa o 1A aA
ans lueisiug uuazamIsomuANAIUNIL 1ade 2000 Taansuaoaaslue sl
a d 3 4 dy == a dyo/ 1 1 A
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. = = J ~A A 4 v v Y a A 9 v 4
(activated sludge) lasiimsasuyadvesuvnaiiizeineluiiiaudtlanmihvesiaiall
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J 4 I~
waneosmIu-Woamavazasunua dludu
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oA ¥ g a o9 ¥ A < i o o 1 e
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Yy 9 = = o Y Y . .. [l A a o 1 a 9
Wuduingaiamsntinia’la (detection limit) Tuwa9 0-20 adniuaeans uagldnarlu
N1595293ANEa 5 U (Choi et al., 1998)

1 L A, a 4
Ttlaoun1dusesnumsansn’luTomuses laesuoumne 1smasn luTouses

4 o ' P ° P P

e l¥nsiniaaslunquessmiueamlalastiteulsioesm Tuneana lalasaaasuu
. Y Qddy Y o A 1 o <
screen-printed carbon electrode 1A81% nafion 33H 1¥HanN13AsI0IANULUET 59A157 LAy
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90 az 70 M1 TuTua1s aud1eu e sulssumeusunsnitiasauaslaeIsou

wu TnnuFlomainuaz iweseodn luTomuaesag Idaanudududnganawisa
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o ] 1 S R A a J 1 {
Rimsdaldlugae 20-50 TulasTuars F35uemme Iswasnillnmanudududinga

=1

ansammsialandini vazlial lumsasiada (sensitivity) dmsumsesnseuuas
Aa [ I d 1 4 o [
wnsanisilsesu M9y 1.67 uaz 2.83 uilunenulsaelulasTuairs arudiau
o’dy o Y] g’ 9 A o YY) 1 oy ) oazl 9
TuTemusasiaiusniimsias'ld Tasieiinsiadiogesidiuna 12 asa 1981 %RSD
"o 73 o .
910 1.9 10515UA (Mulchandani ef al., 1999)
(% = o A a a L
Tildeanu TaimsanuluTemuses Ias3s Inmus Tomasn luTouaos 1u
% 4 o 4 I'4
Msasrvinarseasm lueoamva TasiveulyiossmIunemalalasaans vy
a A 4 4 4 Y]
fewdian INsAR835M 3140 (cross-linking) 1o lasioasm Turleawalalasaaiy bovine
. &£ A a 7o Y A o A an o o Yy 9
serum albumin (BSA) #3iinga1soan laammihnduduyen 35ezihimsiannuiduduves
A a d? a 1 4 =& Y]
Tisaou (proton) Mnavuluvnzinamsdesaaloaisessn Iureama Feausonsivia
a a Y Y 9 ¢; a ~
Ws1eenYU tonFanist lsesunaziunianistlseou Tasldaanudududingan
o o " P ¢ o
asoiimsdald midu 2 lulasTuars lulemsesiianuadesamnsadu 1 1duu
1 9 A " Aa 4] A S 3 o .
98191108 1 Aoy Tasainanssueu lsidinumnan 95 1nlosidua (Mulchandani ef al., 1999)
P [ 'd a 1
113) a.q. 2001 Tammsdne luTeuresiieasraiaasnmuaisnyaeszuy
o 4 1 ..
U5 (neurotoxin)  Iasmisiiaiseosm Iuveaila 1y NIT100NYOY, diisopropyl
o 4 1 o a "
fluorophosphate  (DFP) Qg @131WINAITUUNN YU ATV (carbaryl) WIWTUIINNU
udiimsasinia wunaunsauenuezudazlfnseninanieunuld Tagedonisuaiulu
1] c?/} o 4 aa a 1 og.: a
msdudanmsianuveueu lyiosdianoduoamatsa Iagasnyao s Uz aInng 3 siia
o o I A J v W 3 o o Aan =
139 1mnsuineziuasniludrdudimsiianuveueu laiessaanodauoaimols a

a o Y . . . £ o Y J A z:%‘o/ '
Gﬁuﬂﬂﬁuﬂaﬂllﬂ (reversible  inhibitor) %Qﬂ?iﬁl@ul‘l“ﬁuﬂ)’uﬂ‘lﬂNﬂ\iﬁ'"l‘JJ'lﬁﬂEJf]‘c’Jﬁﬁ']fJﬁ"li
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aa ~ = I Y] 9 o 4 dy 1 @ @ @ 4
prdaaladuauiuduaasnla Taga1ssmanaisuuunilazugssuaasnduiuu Tad
aa { a 1 4 I~ v o Qsll Y]
prdaaneaueamatsanusnansvoseu layl (dudrfudanuutedy;  competitive
. ey . ~ o Id A g LYY qgll o 4
inhibitor)  luvaziarseosm lureamaszduasndludrdudainisiiaruvesaon lan]
aa = a o "y . . . . £ o Y c’dy ]
prdnanedeamasa¥ianIundyluld (irreversible  inhibitor) ¥a¥inlvou Tassiti 13
L] an = Y o 4 an = 4
msngesaatgezdaalaaula  anmaiueulsiozdaaneduoamotsauazion
4 = aay e v [V
pasm IulealalelasaanTuuzaniea (silica ge) WUNEWNTAATIVIANITIDATOU
o Yy v Vo 9 = 5 s 1 s a o A Yy 9
1az DFP 1UseauaNuaudmIny 107 949 107 Tuais aua1su1sadIn1snIananuaiuyy
g = 5 s g o Yy v s a o Ao '
5x10° 8491 x10° Tua1s uenINUAINITAATIVIAA NV NTUUDIAITVITa IUTEAUNAININ
- o H 1 - 4
sx  10° Twans Idwinldwisieenweunas DFP finnududugendi 10” Tuais
(Simonian et al., 2001)
o A a 4
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Wty 1 luTas Tuas $19u 20 A5 19HA1 %RSD 1A 3.6 1o IHUA (Wang ef al., 2003)
] I'4 a a
Tuihdeadu 1dTs1eunmsdne oo usos las3suouine 1510a3n

o v Aad a a J Y .. .
luTewsusess1uauds Iwnudlowasn luTotsuiyasai1852 DY flow injection
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[ 4 a a ) 4 4
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=2 Ia 9 @ d o .
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Aa Y a = = ) Y A g o A qul o A LY
mvesdan Insa tazlingaisan lsasmihmnidudaudon viminihdan Insaisasnu
an 4 . . . Aax a a ) 4
Fanoulaoon lua (silicon  dioxide layer)  IuvaieIB ImmnuFlowasniuen los]

s a o 4 s
pasm IulealaleTasaanTasuuiited n51uANY0S (pH transducer) Taonsiyouou ol
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poin1Tudedialelasiaanudianinia uaziingaisiad leaiinihnludnsou
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lanaoqod (dichlorvos) taglavzduou (diazinon) 111099 INe1519 2 yiladl ogniow lal
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TwmusTowasnansoasiviagisessn ludeda ldnnyiia 1ie1niTliordenis
9 { A 4 { [ 4 o [
asaviaTdsaeuiinadu TusmzNeaiwasgnion laieesmiudedvlala Tasiaadosaais
o’ds‘ o [ :’ 9 d’ o [ d'
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UBYNI 1 UIN (Schoning et al., 2003)
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143l a.#. 2005 U518 1unsAny1 U Totuises Inedsuoutne 151ua3n
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TuTeuaesale3zuy flow injection 1o l¥msiviaarseesm Iureaalasinen lus]
4 4 a  J a
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= 4 a 9 o @ 9 4
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4 o w 1 o o o a
wluTuarsmudidy wazliamanudumzdmsumseenyeunaziunianiiilsesu
[ Y 1 4 o w
Wi 25 uag 6 w Tuuenusae luTas Tuans mMud 1Ay (Deo et al., 2005)
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[ 4 1 "o d a
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{ s s o
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4 4 4
Taruaudvosluanaladu (lysine  residues)  wuteu lgoosmluodinalaTasiaa
y a ana o lQ 5 o 4 a [
UONIINTD1992AAIAD 1UA (maleimide) NAIVDIDYNIANDY FevzamITaRIMsITouAAN
@ 7 o 4 g o oA 4 A o
ou ladoasm Turleanla laTasadalddeiuse Tnrnaud mmiuiveu lmingnisonaany
PUNIANDINITUA VAT fluorophore decoy  UAININFIAAMUIAIUYOINITFOIULAIVDIATS

4 yd v QSJ’ o J
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9
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[ [ 4 I'4 { a [ 4 I~/ [
msodunuey lydeasm Tuneama lalasmanusnanssveaou laild (udiud
v o .. . . ! I A a (%] d Y]
UUUMASTY;  competitive  inhibitor) dewalieynianesiiFeudnogiueu ladeglndny
fluorophore decoy {NANTZUIUMT fluorescence resonance energy transfer (FRET) Iﬂﬂ’e)lq!ﬂWﬂ
o 9 A J [ ) o 1 = g v o %
nesmnin N ual l¥nasa1uuas (donor) 1na13 fluorophore decoy FUTUAITUNAIULLES
o Y 9 A dy A d? 1 dd’
(acceptor) T 1AAIANUIGUYDINITIFTOUAIVDIFT fluorophore decoy HINUFIVU UA TUNTAN
1 ] Y] s A a Y {
fonaiuuas enainwasazitniueu lsindouaanueyniAnewNuUNa1s fluorophore decoy
4 ] v W 4 I~ 1 o
ieannesiuuasduiueu lad 1dan1a13 fluorophore decoy 1111 @15 fluorophore decoy
[ v W S Y KR (] [l Y Y 9 A
Tuaunsotunueu el eegrnnneynianes dawaldaanududusesmsisouas

[

k4 1
UYBIA17 fluorophore decoy aANY fuiuanuuasiialdines fluorophore decoy @11130

UsnendalSumvesasessni ludemaigndesanislaooulaioedn Tuneaia-
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o A

aTasiaa Fanul@manudududfigaiannsaiinigialdvesmseenseuiiu
5 13 Tas Tuas (Simonian et al., 2005)

113 a.¢1. 2006 H51891um A o Towes lasTaeds Iliueseanlan
TuTemues e ldlumsasiniassessnmiureanla TaoiueulsiossnIuroaia-
llaimgaﬁﬁ;amaﬂﬁumiﬁmum (fluorescene) Ao carboxy naphthofluorescein (CNF) d8
TR (biotin) nawiiiu OPH-CNE-biotin conjugate 1ABAIMNITATUAY avidin Tignaog
fudanInsa polystyrene waveguide “lumma:ﬁ reference waveguide 1219 BSA Lﬁ‘@ﬂ’ﬁ

posmIurealagaoulaioesmTuealalaTasaadosaaioiumislulasiluea
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a 1 o o Jd a 4
winamstantdesldsaeu  ildfesvosasazareivinesinansasunas uazeans
- ~ 1 = =\ . 2
CNF Fuiluaisilaemsulasunilasvesiitos (pH-sensitive fluorophore) 3@ 1M1TAGANAY
4 A . 4 4 . qy
HAINANNEINAY 598 W Tuuas uazilanilassuasianueninay 668 1 luwas mlv

v Y .. . Y
AUITDIAANUNVUVYDINITI0DNYDULLAY diisopropyl phosphorofluoridate (DFP) Tanu

v v v
o A =

Wududiganaunsaiimidald v 1 uag 2 lulasTua1s My (Viveros er al.,
2005)

113 a.a1. 2008 F51891umsanu luTewwiwes TasdTusmine Isiuasn
TuTemuaes e ldnsaviaasessnludeaalasiou lsiessmIuneavalalasaa
Tuglaianeu (crude enzyme) t1az3UnaN (crystal enzyme) ASIUUNAIEFAIT VOUDIAAINTA

4 A o 4 A J : d o
Tagirouannua15UoUU1TuNI1 (carbon nanotubes; CNTs) 1Az BSA 4aiinga1soad lanit
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Y A J o A A ) o Y Yy 9 A o o 9
wihiduaudon weiimsiansieensoulimanudududigaiausoiinsiala
Y] d o [y o = [ o Y]
M 314 uag 500 wrluluars dnsueu leilugdndn uazglananeruaiudiau

4 Y [ @ T W g o
TuToues i a1 I lumsasraiaminy 25.95 uag 17.29 w Tuueuuilsae luTas Tuais
o o o @ o w
dmsueu e lunmean uazmnadane 1 UAINE 19D (Laothanachareon ef al., 2008)

4 a a
1u3) a.er. 2009 Ts181unsane luTstsuises lasITuouine 151ua3n

¢ A o o
TuTeruaesionsraiaasoosmludeaa Tae sy mesoporous carbon (MC) t1ag carbon

I ] ] 1A i a Aaaa a o
black (CB) 1fludrielumsdidianaseuiiannljnsereengaduuesnstlulasiluea

v Aa 3 I~ a PN a L4
TddavanInga Fawrs1lulasdueatunaananinainnislalas lagaaisonsniTu-

4 4 o =1 4 a
Woala Taaou lalonsmIueamalalasaa Mimsnasunaradaisuoudian Iniadie
3 a 1 o (%] 4 4

MC nundeudianInindoals CB taziinnassiueu lsieasmIuneaalalasaa
&18 nafion meldanizimuzay nuNaTaasianseenseuliain1udududii
~ ~ o [ Y 1w 4 Y Y] [BR-Y
Agafausaiinsialdminy 120 i Tuluars uaglvar lalumsasiviaminy 198

g 4 [ a
wTuseuna)sae luTas Tuars Tasldnarlunmsasindadszunas 10 3u (Lee et al., 2009)

4 a a
13l a.¢. 2010 T51891unsAny1 U TotuLsDs InedsuouIne 151uA3 N
P 4 o s ° P
luTomsusasareszu flow injection toastaiaaseosmIueama Taerinenlad
4 = 4 a 3 = .
posn lunealalelasaaaTeuumsvouurTunitluuusuwfed (single  wall  carbon
9
nanotube; SWNTs) LAZLUVHAIWHEY (multiwall carbon nanotubes; MWNTSs) fruuse
o S a P =< P A oo A ~ o
Taraud aniuaaeu ladignasaumsueun Tuiiiline 2 siia asuuna1adaisuou
a 1 4 4
81anInga (glassy carbon electrode; GC) @381 nafion wudneulaieasmIuneaila-

v Y
lalasiaanassvuasvouur luirduuusuaelrsg 19 dszansainaniteu la
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P4 A = & A d > A o o
posmIuroaa lalasaanassuuasuouu Tunituuuvatesu Tagdiniinisiania
Y Y Y o A A 0 @ Y 1w P
pongoulnainIdududiiganaimisaiinisdalaminy 10 wiTuluais uag 6.4
J o o A = s A 4 S A s =R
TuTasTuas dwmsweulsinassuuarsuouun Tunlduuusu@ed vazeu lsinasauu
P A g o o w o o P P4 A =
asveuin Tuniduuuvatssuaudidyu amiuiveu laeesmIunemvalalasaanass
I'd a dJ 09: o [ o qu’ 1 | Y
vuasueu Tumiduuusudenimsianisesnsousiuiu 18 ase 19a1 %RSD 111
S 4 A 1 A [ o A
3.2 wesidud Taalioszoznaiiiulyl 7 1@eu MmsasuaueinedyIMIZAAAUNAD 75

Lﬂi’)i“]dmﬁ’ (Pedrosa et al., 2010)
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gunsalnazIsmsauHuaIde
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gunsainldlumsidy

1. wenuanGanlylumay

2

43’ A A Y av A o . LA [ ]
L%ﬂllﬂﬂﬂliﬂﬂi%iuﬂﬁ’Ji]EJ‘L!L“lJu!ﬂf’E] Burkholderia cepacia NENITDYDYTDIYYIN

N

a 9 d! dy == % dy 9 [ . ds’ ~A A
uyauunsams lseenld suveuvaiGedlti ldunmsaauen (solate) (¥ounnaiizelu
a4 , - a § A A o 9
AunasogesdaaunFans 1 15eeuUTRUNUNNEATNITY UAAITY LVINUINENTBY
NIAUNWUNIUAT (Keprasertsup et al., 2001)

S A d‘

9 < 7 & A A A o
Wouunanisen sl umadidinnug (host cells) wiminlSuanaraiagaaadly

~
ATNN 8

=~

A & ~ Aq Y s Y 9 A A a A
AT NN 8 L“]f@tLUﬂ‘VILiEJ‘V]1‘]1!'”14LclfaaLﬁ]TUTutW@LWNﬂiNTmWﬁTﬁNﬂ

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 (80lacZAM15 AlacX74recAl araD139 USA
Competent Avara-leu)7697 galU galK endAl nupG
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2. ABUBWINE (vectors)
a ® . I 23 Hq Yo o

2.1  waraia pCR -Blunt (Invitrogen, USA) fluaouemmzn lsd1msulnau
Qy 1 < 1 { aaa o 4 .
Fudruvesdowolaey (blunt end) N 1A INURATOHT015 TaeIHou lal proofreading
DNA polymerase (Platinum Pfx DNA polymerase) pCR®-Blunt ﬁﬁuﬁ'mmu@i@mﬂﬁ%uz

v A ~ o A g

MUINYHFU (kanamycin resistance gene) Hag8U lacZa-ccdB N thindu positive selective gene

[ A = a 4

o Y S A A a 4 a Y a 42} dy
wﬂwmmiaﬂmaaﬂiﬂauuuuu‘wmsaa‘w3Jiﬂaumguuwwmﬁm”lmwawu HINITNU

4
v A

Y
a a o " o o 4 1 1 o ] a 1
‘Wa’lﬁ'llﬂ"]fl!ﬂﬁENilGI'ILLWH\W]@]%'ILW'WGUQ\‘]L@HI{!“NJ EcoRI AFOUIZHINANUY UIVOIBUAIU
A o 9 ay 1 a g Y Y J ~ a A
mﬂuL’e'mﬂwmm‘iimi’Ji]a@mlu1ﬂeumﬁlmﬁ’mmaumllﬂmmﬂuUlclm EcoRI IWIIBUALIRYD
aauaaaluning 22
a [l {2
2.2 Wa1duA pGEX-4T-2 (Amersham Biosciences, UK) Taundlu multiple

v A

. . 1 s v . 0 g ¥a . .
cloning sites DYAANUVYIUNTIN  glutathione-S-transferase Mmldine fusion protein 1NNIT

' '
= = 1

= 9 =) ~ Y = d'al o
Llﬁﬂ\i@ﬁ]ﬂﬂlﬁ]ﬂﬂu‘ﬂiﬂau G]N"]53811’[ﬂ151!8ﬂIﬂiﬁuﬂqﬂﬂiﬂﬂuﬂﬂ@\‘lﬂﬁGlUﬂSz‘]J’Juﬂﬁ‘im
7 v &

TlsAulduSqns waraliatidsznoudiells Tumes (promoter) Falimsuansoonvesdnula
Tuszaugauazamnsomilenirld Ao tac promoter NAIVANAIUVDA lac operator, ribosome
[ { ] 4 a
binding site, start codon (ATG) tagldrunamningnaesdieoulsingoniu (thrombin) lu
AMuryasznNeBuiai glutathione-S-transferase azaIu multiple cloning sites a1
o 1 g { oa/l o
asolddadiunilu fusion protein oonvInlUsAUNAINI INTUAOUMIT TSR
a = dy J [T=V={ 1 A a 4 ~
VFANT UenNNHNANDT pGEX-4T-2  dalidudiunindaion 1oy beta-lactamase N30
9 1 Aad aAa A e Y = q d'
AUMuUABIIURIIUUDUNFAAY (ampicillin) 1ABYANIVANAIGIY lacl® NAWITDUTAIDON
sy ¥ Ad a o Aq v
Twraamtundlu E.coli 9n9an1220 195 114n15%2101 fusion protein 90N affinity matrix
o & A =< = Y . . . . .. a9
umﬂuﬁmazmunmmwwaﬂﬁwmu antigenicity (l0& functional activity voellsaution
wnasuaaslunini 23
a I a { A wvAa
2.3 Walala pGEX-6P-1 (Amersham Biosciences, UK) tlunataiianiina el
ileuiunaaiia pGEX-4T-2 LALANAAUATIUTIUA U T EHI19BUN A3 glutathione-
(] § a I o ] { 1
S-transferase LA T IU multiple cloning sites Felunaraila pGEX-6P-1 %zgﬂumgmmﬁgﬂﬂaﬂ

4 Y] Ad'
Taeou laal PreScission Protease fattaad lunIng 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 o ®
i 22 Taseadeflduenve 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

A 23 Tasear el e nIve pGEX-4T-2 11aad multiple cloning sites

7IW1: 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 Tagaa19@BueNINE pGEX-6P-1 1aAd multiple cloning sites

IN: Amersham Biosciences, UK



3. Twswesnldlunmside

Tnswesnlslumsideaaansluaisan o

~ SAq Y X%
a13199 9 Tnswesnldluauide

o

~ o o a = 4
gan | lwswos drauiang lo Ing

1 Expl CGG GAT CCA TGC CCC TGA AGA ACC

Exp2 CGCTCG AGT CACTTG GGG TTG ACG AC

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

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

5. TilsAuinas 91U (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  Tag DNA polymerase (Promega, USA)

6.4  Platinum Pfx DNA polymerase (Invitrogen, USA)

6.5 1oulmidasumneilen1s3te 14un BamHI, EcoR1, HindIlL, Pstl, Xhol
(GibcoBRL, USA)

6.6 1oulminiouiu (Amersham Biosciences, UK)
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7. YanaaeuFUTIMN

7.1

7.2
Germany)

7.3
USA)

74

7.5

7.6

8. d1anlnia

8.1

Yo finAdueoNIINNA QIAquick Gel Extraction kit (Qiagen, Germany)

% Inaunanan1Inlfnso17i%e15 QIAGEN PCR Cloning kit (Qiagen,

a Aaaa == ® . . .
%ﬂiﬂauwawaﬂmﬂﬂgﬂﬁmw«m)ﬁ Zero Blunt PCR Cloning kit (Invitrogen,

“.
a a

YALINUTAND Tals@au HisTrap FF (Amersham Biosciences, UK)
ALIAVTYNS 115AU GSTPrep FF 16/10 (Amersham Biosciences, UK)

%4AN3293A 11301 Bio-RAD Bradford Protein Assay (BIO-RAD; USA)

glassy carbon electrode (BAS; Japan) ﬁmmmﬁumuquéjﬂmqmﬂu@ﬂ6

a a 1 J a A
uaalunag uazﬁummﬁlumuﬁuﬂﬂmqmﬂu 3 yaang

8.2
8.3

Pt electrode YU 3 mm diameter (home made)

Ag/AgCl electrode (BAS; Japan) Hanuenlseanss 40 Tadmas iduriu

J a A
AUINAN 4.5 UaalNAT

RE-15 Ui
huid |
LTI -
(=]
45 mm . :
A

A 25 glassy carbon electrode (ﬂWW"i’fI”IEJ) 1o Ag/AgCl electrode (NWVUI)

TR BAS, Japan



9. M5IA3

9.1
9.2
93
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

Fomrsindl

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

UIHNAWAN
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

isoamyl 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. 1A593UND

10.1 autoclave Model ss-325 (Tomy, Korea)

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

10.3 centrifuge ‘aj: 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.iu 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 'u;'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. qﬂnﬁﬂiﬁ'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 agifouoanoaoa
11.18 QEWaIEAn
11.19 ¥ uilulaeaide

9

11.20 913

11.21 fdnviaa

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

10.23 Amicon Ultra-4 ¥U1A 30 kda (Millipore; USA)

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

10.25 syringe filter Y419 0.45 micrometers (Corning; USA)
10.26 SnakeSkin" Pleated Dialysis Tubing (Pierce, USA)

10.27 syringe
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F5AuUMIY

1. myara3nendumunilnanly expression vecter pGEX-4T-2

] v
A A

= Qw |l A& Y d a
1.1 msessnsuauanuentgunasveulminmianalsooulslasaa
J o v A A Y P2 A
1.1.1 mseenuuy lwswesdmsudunairveu lsinianisi lnoou

A o ] do o
ll%II@]i-LﬁﬁIﬂEJLWM@]”ILLﬁHQGU’ENL@uUl“]fll@]ﬂi]"IL‘W”I$ BamHI 1lag Xhol

o v A

o s Y = Jd a @
‘Vnﬂ’]ﬁf’]f’JﬂUﬂJ’]_l“lWﬂ,llf’)ﬁﬁ]’]ﬂ"llf’)iallaﬁTﬂUUUQQI@UlVIﬂUﬁL?ﬂ!ﬁULLag

v

1 4 a
mevesdunasrveu ladmnianis Ineeulalasmann¥eunaiSe Burkholderia cepacia

D.

' Aa (% 4
‘Vl?ﬂlﬂﬁﬂElﬂElﬁﬁ1EJEHQJ"ILL?JQQL?JT]‘TJQW"ITITE@@H (tamanyw ’NlﬁﬂuﬂaTﬂ, 2547) Tﬂﬂolﬁlfl

o

funtsvesou lyidas g BamHI wazion lsidas g Xuol
4 Ao v A = J
Inwswes Expl Hdrwuiinale’lnaillu CGG GAT CCA TGC CCC TGA AGA ACC
o w A J
Insmes Exp2 TdwuiiinaleInaily CGC TCG AGT CAC TTG GGG TTG ACG AC
a H o 1 Jdo o
Tasusnaniaduldnedumisveueu lyddas e Bamar  1u
4 Jo o o
Inwswes Expl wazoulaidasume Xaol lu'lnswes Exp2
o <
1.1.2 Msanafdued Jul (Sambrook ef al., 1989)
o v A =y dy A A . . A 9
MMSANAAD WD ITUNNNTOUUANSY Burkholderia cepacia e e
I [l A a aa a AaA 4 o dy dy A A
Wunsivyylumsmudsuadue laamataiidels lasiimsmizgaeuseuuaiiseluy

a a

A Y 1 Ao d A a a a ~ a
prnsaalszneudlenssgisuiunlwnsans loeou Usuias 30 Hadans Ngumngil
= o 4 1 4" a ad (a
26 £ 2 ewwuwaod wv 12-18  $2 11 Anaznouiwad lasniuireyaunsoliuias
a aa an d o Iy = ~ < [ )=}
1.5 Haaans asluraea lulasmuasing 1 ldiuvIsananwsa 12000 seudeui wiu
Y
Y] 1 4 a a
2 Wi nmiumaulasen azareaznausaanie TE buffer pH 8.0 151105 567 ulasans
a N~ 4 c’o‘ o 1 a a a
@uasazale SDS ANuTNTY 10 lesidua (TasthwminaedSuias) Usuas 30 lulnsaas
a 4 A Aa o 1 A Aaa a a
waziaueu lyy proteinase K ANNWNYU 20 Haansuseladans Usuies 3 lulnsans
Y Y o o oA a a o Yy a a s
weruldnmu s lduufgumngil 37 esrmaFed wiu 1 92 Tus uduanImReunas lsanu
4 a a Y] a 4
Wudu 5 Tuas Usues 100 ulasaas weryidniu @uansazate CTAB/ Imdsunan'lsa
] 4 4 4 a
(CTAB anududu 1 wesisud vazlmfeunas lsaanuduiu 0.7 Tuars) 1suias

a =

a Y Y o Y o 1A A A
80 lulnsaas wanldidniu udnhliduiiguugil 65 esruaai@od uiu 10 Wi 1Ay
J a [ J o 1 a
msazargiluea : naslivesy: lelwmeiia daneded (Bas1aiu 25:24:1 laeilsu1as)
a " @ [ o y 4 { < [
suesmiumsazatsluvasa mau sy 1 lUdumdeana159 12000 s9UR0UIN

9 9
Y v 1 1 a J
wus i nndugadisazarssuuuldlunasa vl udnaudisazaronasIswesy :
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a o ¢S o 1 a a [ ~ Yy 9
loTaoiia danvegoa (da1dau 24:1 Taeisuas) Usuasminuaisazatefigan weulidh
Y] o y = ~ < 1 ~ ~ 3
au i I fumdesinnusa 12000 seudeud wiu s Wi gasazaeFuuuasluvaca
Ty ud @y isopropanol 151105 0.6 hesdsazateNga wauliidiuTasnsnaud
Y :’1 ) y = ~ < 1 ~ A o Y ~
Mmeviasa 910171 I uMIeana1u57 12000 58UADUIN WU 5 UIN MIATA A NDUA
< 9 ~ 9y 9 I Jd 1a a aa o ~ ~ <
PUEABNTIUBANANUINIY 70 WoTiFua 151195 1 Tadans Tumdeann11us 12000

' ~ ~ ' Y o 9 ad ] v A L
FOUADUIN WU 5 W e laeen udri lnazneuawueuialasldinisiganiuiu
) .
FTUUGYYINA A2AWAZNOUADUIOA0 TE buffer pH 8.0 11 DNase free pancreatic RNase
Y] 1T A Aaa < [ { a
anudndu 20 lulasnSudeiiadans Musnufgungil -20 eerusaiFod
A a QSI a g 9 a aA 4
.13 msnnlsuasuamueslomaiaides
@ A o v a3 = dy == .
WAIINNNRINTANAAD UL IUNI NG DUUANT 8 Burkholderia
o o A a A AaAa s X Aaaa = =] 4 9 @ 4
cepacia nmmsivlsuaTasmataiaders dalulgnsoiigersisznouaretiivies
A A o
Pfx amplification ANMANTY 1X, NTPs ANNITNYY 0.3 §ad 18a13, magnesium sulfate 1IN
Yy 9 a A J J 9y 9 S ad 1
Wuu 1 Jaa lwans, Inswes Expl uag Exp2 Anududu 0.3 Julasluais, Adueuiiyy
< { [ 4
Awed Tuunanan¥euuaiise  Burkholderia  cepacia TUW® 1.1.2) ANUMANYY 19

% 1 a 4 =y a
wTunSuse luTnsans tagou 'l Platinum Pk DNA polymerase 2.5 gtia Tuilsuasgaie
50 luTnsans

o Aaaa [V dy
Tagerazlumsinlgnsedatl
Suduin 95 paAIFAFIE 5 WIN
- deuaturation 95 PaFIFAKEE 1 WIN
-annealing 55 ogfluraided 1 W0 30 501
- extension 72 pafuAFed 1 U
- post extension 72 B4 TALTOE 10 UIN
a = 9 a Aa g a
1.1.4  MsugninsIziaoumealamainoza lsanasianlas Ivisae
(Agarose Gel Electrophoresis)
o A o A Aa a g 9 A AaA s 9 o o
W11 svlTuafUedemaAtANTE015 132 WINIRINSG
a 4 a a d a
nenInIIzvdlematnozn lsastanlas Ivisda Taeaseumanzni lsaaiududy

o

J I 4 Y 4 qul <
2 Wlesidud udrazaswaszmlsalutivives TAE pH 8.0 areanudou niuih liiguas
Y

a Qy 3 o { a
guuinil 55 seruwarFod tnwaszm Isaasluniama N ldwaudedangumgies aniiu

=D.
©

< % @ [ [ <3 1
NENEI5Aa10AOUIONY 6X loading buffer 1UOATIAIU 5 A0 1 HEDAFITAZAIVADUIDNHEL

A1 loading buffer luviquuesnaszmIsa uazld 100 bp DNA ladder Hufidueninigiu
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o ad a { 1 YR 4 4
aanlas Tisgdananuaednd I 8o Taad wiu 80-90  1f douvadleaisazaiy
Y
ethidium bromide ANUAUTY 0.5 lulasnsudoiadans W1K 15 W w18 1auruaa181i
M dy 4 =1 a g Y [
naulsAnndenazion lgil DNase 411 10 117 asraguovfiowemelaudidans loan
a g Y a = 9 v A 3
1.1.5 - msuenadueliusgnionmasymlsdlaslsyaaiaaioue
o <
g 1] QIAquick Gel Extraction (Qiagen, Germany)
o A o a I I 9 a ad
WAIINNIIAMTUENAATIZHAD UIEAIBNALIADL A ITaDIan 1ns-
A ) <3 a o o o
TisFeuds shimsuenfoue 1duignt lasimsanaeenainwaszmise Tasasiaguou
a g ] 9 [ qu/ X a A dil
aue luuduaszmIsanmelduasdansi i Tema mmiuldlulianazeinilsiranyouay
4 o a Aa aa Ay 1 aa oA
o 1) DNase aamavusnaniuauduendsimsldasluvasalulassuasiianngu
g} @ o M g} @ A g’ o o a QJd <3 ag =
wnidn i llyaihminmernimiinma finisuenuigniaowen1uislugiioves
a v o a 1
QIAquick Gel Extraction kit (QIAGEN, Germany) lagtautivhes QG luidsuias 3 imwes
Y ' v
wntinma W I uuhgungll 50 esruaadea w10 WA nTeIUNTENUIAAZA1BTNA
09;1 [ { 1 <
udrgavounainanualdlu QlAquick spin  column Weglunasanuasazaloruia
A Aaa ) y = A <3 1 =1 =1 9 Qy
2 iaaans 1 lPumAeanas) 12000 s9U001HN WU 1 U9 Ldunveurad luriasana
a % 4 a Aa Aaa o o { QSJI Qy a o 4
wuiivles QG USuas 0.5 dadaas i liumIsednass musaraing @uaiviles PE
Y Y 1 v A v v
151195 0.75 Uaaans dane1A 2-5 1 udnih lddumes mveunaing 1 ldumdedn
oa/’ oaj [ an 4 [N % 4
A59 91n1Tué1e QIAquick spin column o luriaea luInsyunsidvasa v wuriviwes EB
a a 3 aﬁl o o { < < {
151195 30 luTasans danald 1w udnh lddumdesnu 1 1 uasazaiesdduen
QUNYI -20 BIFEALTYE

Y o A

A v 2 1 ad I adt o Y
1.1.6 ﬂ'lilf’]f@ll9’]’E—](’]ﬁn!ﬁ'ﬂuﬂl’ﬂUL@Lm'lﬂUﬂL@uLﬂW']WgIﬂﬂ'ﬁ'ﬁﬁ“iﬂzﬂiﬂﬂﬁlﬂf

E4
a 1

o @ a g A A Aa
Zero Blunt PCR Cloning (Invitrogen, USA) dtsusudiuadued lannmaiulTinudie

10U l3] Platinum Pfx DNA polymerase

2
a J 9 o A

[ i o cz‘ < (=Y
nagannIiMsuensuaeue v uTansudl iinsreuao s

Q

[

2

a g a 4 >

N
0o < A Qy A g A Y A an A J v
ﬂL’E]HLE]‘W”I‘Vi%fTHﬁ]ETJ L‘Ll’ENi]”lﬂ‘lfuﬂlﬂu!@‘ﬂ"lﬂi]”lﬂfﬂiLWNﬂﬁlﬂmﬂ]ﬂTﬁW%@Wiuu%gi

Re

Y v
=

4 . A o o ya a3 Iy o
10 ]93] Platinum P DNA polymerase Jumsiiudiuia i ldsuawuen laiansusdaie
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upauunsans Isoounniluf@dueniuu (emplate  DNA)  1uil§nse1 PCR Taoldq
4 % o v A o a o
lwsmes Expl wag Exp2 ¥30onuuunninteyadiauiang lo Indaseusnuiaz e
=S A 9 4 a dy ==t . . A
gunadrveuladuniamsInesulalasaanini¥ounaiise  Burkholderia  cepacia N
1 1 a [ 4 A
d1u13ngeaa1eeIILNasuNniams1 lseeu (ananyal Juieunats,  2547) Taguiy
o 1 do o dou o A Y [l
uniaveseu luidadume BamHI uazoulwidadumiz xrol elddireaenmsInanlu
a 1 a Qy < { a 4
Waaia pGEX-4T-2 91AN1INARDINUI (hasuAwuenlvualszna 1.0 Alawd uagiile
o a d dal o a = Y @ ~ £ = Y v o a Ay
WA wetintuigns lanadwaaslunini 32 Fanundvualndifeiuduiadig
L4 a § I [} <] { J
ey lydmuniamsi Isesulalasaa (989 bp) Aleduinyy wazddwenuen laaeuiig
@ o 4 1 I § a = Y v A a
d20117N MoraINMsyeuaeaoweNuonUTaniud Tt UAID WO WM pCR Blunt
Y
taza181ou91 1114 One Shot TOP10 chemically competent E. coli wundi la Tadigunadiu
o £ =~ ay a g 9 . o A ~ [
FIUIUNIN FINMTIATONTUAD WD IUNITHI I expression  clone 11 laaidenlalatuana
a @ do o
nanadaudidadeeu lsidasnie BamHI wag Xhol
TumsiaSounanaiia pGEX-4T-2 921381nMsiNdTunanaiaiindlonisane
a [ 4 o Y] @ a
Tounaraiaingiyadidntiiu E coli DH5a. (transformation) a2 imsanauazfanaiaiie
do o [} o LY Qy <
pGEX-4T-2 anetou laaifasune BamHI uag Xrol uaednumsaa¥uadu® (mpd gene)
30 ded A Ao Sldysla = a0 &
nniuihmsuenFuaduenas waralandaudriliusgninnmaszmlsalagisdusegy
. . Y o = a g a £
QIAquick gel extraction Idwafanmnn 32 ‘]J’i1ﬂ§]uﬂﬂﬂLﬁlumﬁllu”lﬂﬂizlﬂm5ﬂIE‘]L‘Uﬁ’ A
Y o a o Y ] Y a QSI a d AN ¥ ;I =
TndiRssnuvmavesnanaia pGEX-4T-2 il lamaaiauassudouen Il
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rd
aa

$ a < a {1 o v
ﬂ'lWﬁ 32 ﬂTiLLEJﬂ‘]J‘iﬁ;'“l/l‘ﬁslfualﬂul,@!m%WfﬂﬁiJﬂ pGEX-4T-2 ﬁWWUﬂ']iﬁﬂﬁ}'JfJLﬂuhlngﬂﬂ
° axl o & . .
AUNIE BamHI 1ag Xhol iﬂﬂlﬂﬁ@$ﬂ11‘iﬁjﬂﬂ’3ﬁﬁ1li%§ﬂ QIAquick gel extraction, QU 1: 4DV
< ay aa A a =
ﬁmummmgm 1.0 kb DNA ladder, ta'id 2-3: “]51!@1L'EJ‘L!L@ﬂllﬂﬂ‘ﬂi’q‘ﬂ‘ﬁi]'lﬂlﬂﬁf)3ﬂ1iifff, 1y 4.

Waaila pGEX-4T-2 Nuenugnivinaaoyn lad

Q‘{B/ o A

i 18 uAEuenaz N aTafida uazuenuIgNIUal Mims¥eudenuudinie
Tousnouduuuiaduedngwadisnfu £ coli DHSo. (transformation) agsiimsana
Inouduuuinaiaia miniuiinasnaeunaaiaiade lddomainezn Ta
wadtanIns Wi Te (agarose  gel electrophoresis)WUiWﬁLLUuﬂlﬂﬂwaiﬁﬁmﬁﬂ‘ﬁu3LL1J‘L!

iosnwanaiinoglunima1e 18un linear, nicked circle 1z supercoil fataaalunIng 33



99

LSRR SN ]s L 2 e le]

SN S]

A v A a 4 a A as a
NN 33 NMTANATABDNULUUNNAITUA pGEX-4T-2 ‘VI‘JJEJ‘L!LJJ“VI‘ﬁaWﬁW"l‘ﬁﬂi’Jubl‘éjﬂilaﬁ,

@Y 1: 1.0 kb DNA ladder, 1ay: 2-3: Wam3ana pGEX-4T-2

v
=\

o o a J adal a4 an .o . o
1NUUINMIAATIEHH 1A TalNNFUA U 1A87T restriction analysis 1AgR1N1S

%

a J a Jdo o o
ﬂ?ﬂ@ﬂﬂlluuﬂWﬁWﬁNﬂ pGEX-4T-2 ﬁamau"l%ummmw BamHI #ag Xhol LL%’JVI']ﬂ']ﬁLLEJﬂ

De

3 Aa Aa = a0 & . .
Fuadweuaz waraialiusgninnmaszn lsalae iduianw QIAquick Gel Extraction
9 @ ~ aa a = Y Y] Qy
lanaasnind 34 Tasdsinguovdwevinalszinm 1 dlawe FlndResiuvuinvesdu

a g a = Y 2 Y a o Y ! Y
ALDULD LIAZVYUIA 5 ﬂIalﬂJ’L’f %Qiﬂﬁlﬂﬂﬂﬂﬂﬂlu'l@ﬂlﬂﬂ?‘lﬁWﬁiJﬂ pGEX-4T-2 ‘1/]111(“,!,1!1?1]“1@'3']

=~

a Qy aa 9)09: =\ Y
NATUALASHFUADULBN FAUUNANNYNAD
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= 9 . . . =} a J a Aan A g
NNN - 34 NI1TNT restriction  analysis  VDITABDNUUUUNNATTUA pGEX-4T-2 NUIUNT I

[

L4 a @ o
L’e)u”lcvmumamﬂ"laaau"lﬂmmﬁ Tﬂﬂﬂ?i@ﬂﬁ?ﬂlﬂuqcﬁﬂﬂﬂﬂﬂv\ﬂzBamHI uag Xhol:

'
A A 9

@u 1, 1.0 kb DNA ladder; tau 2, waaia pGEX-4T-2 Nlgunaiiaeu lsimniamis-
leseulalasaa; au 3; Saeuduuusinaain pGEX-4T-2 nisunad1ueu ladunsanis-

{o 9 Jo o a J )
losaulalasaandadroeu laidas 1wz BamHI; U4,  FaeNduUUNWaIaNa

S A

A 9 4 a A o 9 do o
pGEX-4T-2 nigunadrweuloiiunianmisilessulalasaaindadroen laidasiny

BamHI 11as Xhol

4 4 4 a
INNTATIVAOUNTIUENOFUUUN (transformants)  AIYAITNATOUAINT TN
4 a A, @
(activity) vouou lydiunsans lseeulelasiad 1ae7s microtiter plate activity assay 901N
A ! s s sy ¥ ' a Y P~ a
135  wudi nuddesuuunildeusadesaaromnianislseenld lasdsudves
. PR a Y 9 o 1" A aa I = A 9
substrate mixture NHnFan1311seoududu 50 Tulasnsuneliadansudivasaudy taa
' 7 7 sAN Ya = a o A
Jmsiuddesuuuinldlinisuaasesnvesdwunianisilseeulalasiae Ao
= a o dyl & A A A a I8 a
Snouduuuy Inauiiin DpGT %9A0 E. coli DH5a. NHIADNDUUUNNAEUA pGEX-4T-2 ::

mpd gene
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i 35 msnageunvnssuveaen lmiiuntamslseeulalasmaluiaeuiuuusilnay
@]NG], HOUUNQY 1-4 A9 microtiter well “mJ substrate mixture LNEIDE1LAYD (negatlve
control), !,Lﬂ%m\‘l?i’ﬂil 1: microtiter well ‘mJ substrate mixture uawwa Burkholderia cepacia 1/]
amNsogosdageailauNNnsani1s1 150U (positive control), 1028191 QY 2-4: microtiter

well 13 substrate mixture 1@ E. coli DH50, N3 AoNiunuina1aia pGEX-4T-2 :: mpd gene

2. MINsNEIUMINAAteenUeEINTaNI Iseeulalasiaaly expression clone @28
mada SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
[ o Y a Jd a . . 1
e nmMsanasaeuduuuNwa1ala (recombinant plasmid) §199 310 TAau
Aan A Y o a o ' .
DpGT Witunadweulydiunianisilseoulalasae aziinsorsTeu (transformation)
= a 4 Aa Y . 9 1A A A ;3 < Aa
Sneuduuunwaaiadng E coli BL21 ud2 wudiilalatifaduuue1wisuda LB il
ag Aaa A Yy 9 1 1 Aa Aaa o = dl
01 RFvzioniFadu anududu 100 Tulasnsuaeiiaaans siauvatelalail 91nnwi
I o a o 1 Aa 4 Aa
36 1Humnisrenduuuri lnaus1e nasndeualemsnaaeunanssuveseu laimmsa-
ad . . .. 9 05/1 o os/l A~ a I'd
W”I’ﬂ"l‘ﬁﬂf)u"lﬁiﬂimﬁjﬂm‘ﬁ microtiter plate activity assay WIBNNININITANBOIADNUUUUN
. : . . . .
Tnauhasaasudasazareiludviaouduin BpGT #3979 E.coli BL21 13 pGEX-4T-2

:: mpd gene
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A a 4 a = a o
NINN 36 mim}ﬁﬁmfmﬂiimmmu"lcnmumawaﬂﬁaau"laimmaiumaummumTﬂau
A .. < L st . =t
BpGT 1a87T microtiter plate activity assay ¥IWQU 1: microtiter well N4 substrate mixture WY
1 4
08191987 (negative control), QW 2: microtiter well % substrate mixture HaIYe Burkholderia
cepacia Neusagesaalsgsuuauunsans lseou (positive control), ¥iQ¥ 3: microtiter
. - . .
well N3 substrate mixture a3 ADUTLUUN BpGT, ¥iqQu 4: microtiter well 1 substrate mixture

1az E.coli BL21 1 pGEX-4T-2

A o A a ' A Ay v A ' @ . . ! 9/
gz aouduuuinaaian lavinmsiyeuasiv (ligation) a1eTowdng E.
09// U Aa A ° 1 o <
coli BL21 Tagasariu msntglouvzliszaninmmdwas hinoslszauanuduia dung
A =\ a 4 a [ ~ A 1 9 1 1 ] . .
eaINIABNlLUUNHaalanaInInNgniFeNdenal daulvuaeglugiuuy nicked circle
[ 3 2 o 1 ~ a o a dy Y . & g s Y 9 ) ]
auiuavimanigTeusnonduuunwaralaiidng E. coli DH5a Sauiluaqiininudnsy
4 . a d a a
14113 TAadY (cloning host) BI04 (replicated) SAoutuuuinataialiiylsuamun
[ . z =2 o v A a 4 A Ay y .
wazoglugiuny supercoil MNTUTIIMITARATADNTULUINAENAN 1090 E. coli DH5aL
, Y £ @ s Y 9 o v q U = .
M8 ToWNg E. coli BL21 Guiluaaninudmsuldlumsuanioonuoasy (expression

host)

Mt aeuduuui InauasdeumMsnaateenveaduaiseu lal
wnFamslseoulalasaadromaiin SDS-polyacrylamide gel electrophoresis mﬂmwﬁ 37
nuNIMsuaaeenvestuunians Iseon lalasaadradaauly expression clone BpGT
Tagsaouduuunldsauildvinnaraia pGEX-4T-2 A liTdumianisilseou-
lalasaanuiiiuouveslisauuun 26 nlasadu  (aud 2) c?axﬂumm‘lﬂau o
niulesiae (glutathione-s-transferase; GST) ﬁgﬂuiﬂiam%nm (tag protein) rJ],“LHJ‘El\l%‘ﬁ

=

=) a 4 =) ~ 9 a A a 1
iﬂEmmmuﬂﬂmuﬂﬂmnwmﬁmﬂ pGEX-4T-2 ‘V]llEluLllT]ﬁﬁW'liWhl‘ﬁf]@uvl@IﬂilaﬁWUﬁWﬂJ

]
A

a o { Y 4
uovveslUsauving 61 Alaaadu taud 3) Ysznoualrengals low tod nsuesias fil

a @ 4 a Aa a o
YUIA 26 nlannaau uazmuhmumaw131"lﬁ@au”laTmmﬁmsumﬂ 35 nlanaau
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kDs 1 2 3
5 i |
12 | .
I
- «61kDa
34.8

’ l«26kDa

206 g ‘*.‘
71 |

. o .
NINN 37 SDS-polyacrylamide gel electrophoresis UBIIADNTLUUUN IAaUTTAIODNVOITIY

wnsanslseeulalasmaluSaeuiuuuinaiaiia pGEX-4T-2, 1au 1:  Kaleidoscope
prestained protein standard marker, (U 2: E. coli BL 21 Nuwaaia pGEX-4T-2 ("liiﬁ?lumw%a
w31 lesulelasaa), @ 3: BpGT (E. coli BL 21:: pGEX-4T-2 Wiguunianis leau-

lalasam)

d
a a a d
3. mmammxmmﬂnmqﬂﬁmu‘lmumﬂ%awnf’lﬁﬂau"laimma
a a Q( 4 a Q' o
GLL!ﬂﬁINEWILLaX!,LfJﬂ‘UiZjﬂ‘ﬁlﬂuul“]ﬂlmﬂ‘ﬁﬁW']iTVl‘ﬁﬂﬂuvlﬁiﬂiLﬁﬁliiﬁﬂﬂfﬂﬁlﬂ
= a o dy A a 4 Y Y Y ) a = ad
3ﬂ6uuzguuﬂﬂau BpGT NWLﬁﬂQLWiJ‘]JﬂJ'Iﬂ!L“Bﬁa umﬂixquim%aumﬁwaﬁiﬂmumun
Y
1 Aa vAa a Y o o
m@ﬁﬂﬁﬂﬂ{]ﬂﬁﬂﬁﬂlﬂﬂWﬁWﬁMﬂ pGEX (pGEX plasmid protocal) AMNUUNINTUADLBAALLAS
4 [ { g 1 4 o a 4
95]ﬂﬂ$ﬂ@ulﬁﬂllﬂﬂﬁﬁuﬁlﬂum@%ﬁaﬂ (supernate) HasaIUnSNoU Lﬁfl“ﬂ?ﬂWﬁLLﬂﬂ’JlﬂiT&‘H
v A
Tisaudremaiina SDS-polyacrylamide gel electrophoresis aauaadluning 38 lu panel A U
a % 5 I~ { [ 1 H [
nwusovvesTsauvua 61 dlaaadn suduldsaundiulvgodluglvosnznoudnlu
Y Y
= ~ a K

FA & . . A a a @ s
azAYgUN G]f\iu']ilglﬂu inclusion bOdy Lu’[3]\‘1ﬂ'lﬂi'ﬂﬂuﬂlluuﬂiﬂiﬁuugﬂwa@muiul%aaﬂlﬂﬁ
=

9

I~ o a v W 1 a 1A
E. coli DJHI11IUNIA TUAAMTIINAINUUAINAAL AU uaﬂmﬂﬁiﬂmumqmumﬂmagﬁ
@ 4 [ ~ o 4 LY Y] 4
WIUFAAUDI E. coli MENAINNNINMIUANIFAS 99NASNOUAININT DU VIAYVDIHIT YA
1 I A = [V 1 A (A 9 1
tau 2) ualuadrundluvearial nuvauvedllsauvmianinanilsuadesun uaaan
= a 4 4 a [ [] n Y 1 1 A J
saouduuuieu lyinniamslseoula Tasmadiulvg lildedlunmdwniluveanad
) [ I~ 1 ~ o Y ~
(ta 3) AT panel B Lﬂumummﬁ3ﬂaumgﬂum1a$awmagﬁﬂ (urea) TaeNuL VU

Tisauvina 61 nlaaadu (au 5) uazdananuuavved llsaudanad iweiiims laes lage
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) Y
(dialysis) Taon151019/3000n419) auruA 1ok 1% 115AU refold (tau 6) MIMivhiensazaie
{ ] § v W { A a o 4
7'1811W1U GSTPrep FF 16/10 column F48131399UR L GST-tag protein NipuAafuon la]
a 9 Aa = 4 o Y @
wnsams Iseeulalasadla msuenuTgniou ladawisoildlasnsda  GST-tag
. J Y 4 a o Y o 1 J 9 = ]
protein @ IAEU lasidraou lsinsendu Mldvdsnsenoduiiudrnziimmediuveg
s 1 e A 3 Y A Ay Y D] 3
ulmimniuivgasenun Tasazmiulduovvesllsaun ldneudazoramazidunun
= =1 a Y] [ = P ] I
@enlivuia 35 nlamadu (au 7) BAITNULUUIGY Mileuauveaey lsidgaiuiuuoy
4 a 4 [ o o w 4 a [ @ 4
voweu limsouiiu Hesnnlildmmsmdaeulminseuiuesn nanmsrzaeausl
A ) P 9 T A JY ag U
waztioriueu lsinuen lauvianenssuveueu lesid1e33 spectrophotometry WU

P Y z 1 a 2
U lsinuen Idiveunsodosaarsmnsanisi lsoou 1a

Panel A Panecl B
1 2 3 4 5 ] 7

W« 35KDe

15
0

i

ﬂ”l‘W‘ﬁ 38 SDS-polyacrylamide gel -electrophoresis maﬂﬂsﬁuﬁuﬁmaaﬂmﬂ?ﬂauﬁuuuﬁ
Trau BpGT Tuaiuveuraiuaz@ivuednznou (panel A) HaZUA AT UAB YDA LEN
u?qw%iau”lmﬁ (panel B), 1au 1, 4: 11U5@u11939114 BenchMark Protein Ladder, 1au 2: @
aznouiiliazats, @y 3: dmveunad, @y 5 @IUVBIAYNIUTAZAI0aI0 urea, (AT 6:
T35 refold Taemslaes lada, au 7: ou'lesl MPH naanndadioeu lsinsoudiunas

WU GSTPrep FF column

=4

1 { o a a 4 4 a
Gl,lﬁ$°ﬁ'JN“ﬁﬂWﬂWiLLﬂﬂUiQﬂ‘ﬁiﬂﬂnﬁJlluu%LﬂuulclﬂJlﬂJVI‘ﬁaWWiWhl‘ﬁ@@uhlajﬂilﬂﬁ
o S o [ {1 o A 1 QBJ}
Ygll'JEJ GSTPrep FF 16/10 column ‘VI'IﬂTiLﬂ‘]_JGI'JfJ‘(’JN“ﬁWWU@@ﬂ‘Nﬂﬂ@ﬁwuﬁﬁzEJ$L’JE1W]'NG] IMNMUU
o w [} { g 1 1 . o [V J 1 . .
haegenuin luuaazaau (fraction) ﬂ1ﬂ1339ﬂ1ﬂ1iﬂﬂﬂﬁuuﬁ\‘lEU’EN?TQ aromatic ring U

4 ' "~ . ;
Tsaunnnuennau 280 Tuwas (OD,,) HazwiAININTINvewou lul 91N M 39
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1 o ] @ v 1 o 4 o @ 4
WUNHAINHIUAIBE1TgAR TIN5 B2 ABANIAIY binding buffer Y5ngnsvlves
mmsganautaved llsaunanuednau 280 uTumas (03 Mdua) uansvesnanssu

4 1 v { 1 yc,’ {
vouou laal (ns @) Tising (fraction 2-12) naasi Tdsaun IdTudwindullsdu Agn
a dgl 4 =) a 4 1 ] =) a I 4 a
nanduluigaavesSaeuduuuyilnay ualulySaouduuunou lediunianisi-
09/1 4 o 1 [ 4 4 a 4 o
Iseoulelasiaa vniwieiinmsuunedutialoen lainseuduiodn GST-tag  protein
4 Aa o [ 4 . . 1% J
panvineu laiumsams lsesulelasma udihmsyeaeduiiaie binding buffer Jaf1
= [} . . = d‘ d’ U
MINANAUUAIVOINY aromatic ring V03 TUTAUNANNLIIAGAY 280 W1 THILAT AZHIA
a 4 ~ 1 1 A A A
Aanssuveaey lad 91001 39 wualsingnsvesaimsganauudsveslisaunai
4 a 4 ]
e19nau 280 W Tuwas (N5 duag) waznimlvesianssuvoweu lxl (ns1uddh) oglu
o ' @ { . ' { [ 4 a
AUMUBALINU (PINA 39, fraction 16-24) uaaadn Tisaunlailueu lsmiwnsanis 1seou-

leTasiod Fagnwzoonninaodauil

enzyme activity (unit)

2 4 T T T T T T T T T T T T T '1'8
p -OD 380 16
’ . - enzyme activity
2.0 4 44
1.8 4 3
16 ] 1.2
1.4 ] 1.0
8 ]
1.2 4 i
a R 0.8
o 1.0 - L
08 - 0.6
0.6 7 0.4
0.4 -
b 0.2
0.2 4 L
0.0 +—— . ==l 00

T
12 14 16 18 20 22 24

=]
b
&=
&
[+
=
=]

fraction number

< ' 2 a A 4 =
NNN 39 ﬂﬁW\ILL’LT{?’I\‘]ﬂ1ﬂ1'§ﬂﬂﬂfﬂullﬁﬁﬂlﬂﬂiﬂiﬂuﬂﬂ’ﬂwmﬂﬂau 280 W TUINAT (ﬂﬁWWﬁLLﬂ\i)

T A AAa a 4 4 a =S 3; a [
Lm$ﬂWﬂi]ﬂii‘JJ‘lJ’ENSFIJJULL‘L!uVILfJuVl“]ﬁJHJ“VI‘ﬁaW1311‘5@’61!]18Iﬂimﬁ (ﬂiW\'ﬁ'H”IN‘L!) uaae

4
~

a 4
fraction Glummﬂﬂmqmmullwﬁaﬂ GSTPrep FF

Y ] v
NNiuhAed NdINVBIAZNOUNYNAZA18AI8I50 A1981904 11)5AUTIYN refold
o a o 1 {1 % 4 o a 4 @ a
Tasmsnilaezlada  wazdredansuaeauiuIiinsinanssueu laiuazdadsua
"\, o 1 =) o . . . " <
T1)58uTa83F bradford MUIBMIAININTTUS WL (specific activity) ¥auou 93] 91nA15190
p y

11 A o P a = A 1 a 1 a a o
10 ‘W‘U'ﬂﬂWﬂﬂﬂ‘ii11?]1!,1"118allfNl@uqcﬁﬂﬁllﬂﬂﬂ‘iQﬂ‘ﬁllé}?NﬂW 189.9 guﬁﬁ@llﬁﬁﬂilliﬂiau Tag
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a1 a =g ' A a v o [ A~ Y ~ 3 A v
Mﬂ1ﬂ’J13J1Ji’f£‘VI‘ﬁL‘]Ju 4 1M mamEmmeaEmmﬂau‘ﬂgﬂazmﬂmagﬁﬂslmlumuﬁmu

P-4 A A ] P-4
waziilosiFudueananaan 11ty 70.6 losiFua

{ a = 4 a 1 {
Gn‘i'l\‘i‘ﬁ 10 ﬂﬁ'LLfJﬂ“lJi’Q[‘V]‘ﬁlﬂuU],“])'iJ!,ﬂJ‘i/]‘ﬁﬁ‘W151]‘113’681!h],ﬁiﬂim’dﬂﬂuﬂ1i1’i1ﬁﬂ1’)$ﬁl‘ﬂh1$ﬁu

Tumswaaeulasd
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

{ X a d 4 a d a
4.  msmaanzimmnzanlumsitesSaenduuudlnayu BpGT ienaneu lusiunsa-

winlsesulalasiaa Inlananssueuluigaga

Q

0 A a o 4 oA A o oA Ay
miﬂaummuﬂﬂau BpGT 3A® 1%® E. coli BL21 ﬂ18ﬁﬁ\ﬁ]'lﬂ@,ﬂﬂ’lflﬂu1ﬂﬁiﬁ
o A ~ A A q YA
L’E)ull“]fllLiJTl‘ﬁf‘]W”linl‘ﬁﬂﬂu]l@Iﬂimﬁ mmﬁm’;zmwmmu‘wqﬂiummamau"lcmclwu
a o 4 = [ d”
Aanssudumzvoueu lyigaga Tasfnwiladoasil

4.1 HAUDIQYMUHAN

U

aa { a 4 a
mﬂmiﬁﬂy1wamaaqmwguﬁmmmmﬁqﬂiumiwamau”l%mumawww-

A ya o s A A o A A 2
ll‘ﬁ@@u]lﬁiﬂﬁlaﬁﬂﬂzclﬂﬂi]ﬂiﬁu%TLWszﬂﬁlﬂuqcﬁNﬁIQﬂq@ LN@UTﬁﬂ@NULLuuV]Tﬂau BpGT

~

v f - o ! o ¥ 9 Y ' $ A
WURBINYUNYI 37 parusaITe 1azIMIHe11AIe IPTG 1AW NAsdA0 NYUNYUA1I

Q U

D.

= 1 a ~ oI a A ~ o [ dy dil
ANNINN 40 WUNNYUWHY 18 DIAUBALKY Lﬂuqmwg NHUILTUNTAT IV T VIAYUYD

Y

e

= a ' =1 Y1 a o 4 A A ad Y
saouduuui Iaauil Tagez ldmnnssusumnzveson ladgeanga Tuvazhguugioug Id

a =

T A o 4 |<; 1 { [
?‘ﬂﬂfﬂﬂi3ll’i]”ILWWSGU'ENL’E)ulICB'JJﬁ@]”Iﬂ'J"IiJ”Iﬂ IﬂﬂmWWSﬁ@qﬂ!ﬂﬂﬂJ 50 oAU ALKy %8(11’9!{91

u

nanssusumzveaou lmidriga
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£l Q

wnsamalseoulalasaa

42 WAYDIANMINIUVDI IPTG
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ANNITANHINAVDIANUVNUVUYDY IPTG “I/lLWiﬂZﬁll‘ﬂﬁ!ﬂ BFIFTINTD
~ o YN a '8 a 4 a AaAa
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1o udrld agar wanlvidndy 1 ldisaiiyedreanudou 121 ssrwaiFoa aAnuau 15 Youd

a

Y 4 Y v
ABA13191 WY 15 Wi aene PBaunsznsveurailgungiilszana 55-60 osrusaibod 1au

U

filter sterile methyl parathion Wy l¥hdndu wialdamyuzandeans
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=
ARG
1. TrissHCVEDTA pH 8.0 (TE buffer)
. a A I'd
Tris 40 GG RE
EDTA 2 adluay

e )

Y v Y
haulszneunaruananliidndu udrlsudiey 8.0 drensa HCL 1ilililaaiude

£
= @ J a =
ﬁ'aﬂmm%'au 121 99 IsaIFed ANAU 15 Youanoa1s19il WId 15 U

2. lysing solution
. Aa a J
Tris 50 Haa luas
S I 4
SDS 3 1WoFIHUA (W/v)
=~ . Yy 9 a aa 9 = 9 Y 9
T Tris ANMWANVY 50 Haaans ud15uey 12.6 928 NaOH ANUANTY 2

7 o 4 0 Ry ¥ a o s 2 a
Tllfﬂﬁ H'II'I,L]JHQGJJ'IL%'E’)Q'J&W)'HJ?@H 121 23S aLEYd AUAU 15 ﬂﬂuﬂﬁ@@niﬁu? HUIU 15 U N

3. aTazand sodiuiumif{ dodecyl sulfate (SDS solution)
azane SDS lurhgungd 68 esruaaiFod USuiior 7.2 Arensa HCL igudu ild

Y
aoaye lAenso R INMILTUIUIA 0.2 'lumau

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

glucose 50 iaa lwas
Tris 25 Haaluans Mo 8.0
EDTA 10 Haaluans Mo 8.0

Y o

v 1 Y
haulseneunanuananidnsu udni llissdusodrennusou 121 eerusaiFoa

< A

Y
@ g a
AMUAY 15 Youanon1519Ha WU 15 W17 INUEIsaza1en 4 osrisaidod
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5. Tris-acetate pH 8.0 (TAE buffer)
4
Tris 0.04  Tuas
EDTA 0.001 Tuas
andseneunanuananliidniu YSufitey 8.0 @18 glacial acetic acid 1d311 11/i9ai

{ o Jd Qy
L%@ﬁ’)ﬂﬂ’ﬂﬂ%}ﬂu 121 99A LB ALTOE AUAY 15 ouanon151917 U 15 W

6. 6X gel-loading buffer

J J 2 4

bro Iu@15ophenol blue 025 1lesigua

S 3 4

xylene cyanol FF 025 wodiFua
sucrose in water 40 gﬂai@uﬁ (w/v)

< A =
NUNITAZAYN 4 DIAUBALBYE

7. isopropylthio-B-D-galactoside (IPTG)

Y
138U stock solution mmmﬁ’wﬁ’u 0.1 Tuanedans lagazale IPTG 1.1915 n5u Tuii

[
=) a

o ' { A aa 1 <
ﬂﬂu‘ﬂﬂl%@ 50 HanaaT NIDINIWNNLUITUVUIA 0.2 ubJﬂifJu NUAITAZAINYUNYN -20 DI
A
LisISTG)

* lgnanududugaieno 0.1-1 iaa luadoladans

8. Ampicillin

130U stock solution AN 10 TadniuAeiiadans Taun1359 ampicillin 1 31
azawluhinduainde 100 Tadans MnTuAToRULILTUYIA 02 Tunseu Rumsazas
gUNYI -20 DIFLTALTY A

+ lgnanududugaiens 100 Tulasnsudeiiadans

9. Phosphate buffer saline (PBS buffer) Ny 7.4
%1 Na,HPO, 1.44 n§u, KH,PO, 0.24 3%, NaCl 8 n5u ttaz KCI1 0.2 n5u aza1odie1i

Adu 1000 Haaaas Usvdiey1d 1dminy 7.4 428 NaOH
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10. a15aza18 chloroform : isoamyl alcohol (24 : 1)
19384 chloroform 131105 96 HadAAT 1Az isoamyl alcohol Us1AT 4 Haddas Haw

asazare I

11. e3aza18® phenol : chloroforluas : isoamyl alcohol (25 : 24 :1)

a Aaa

19303 phenol 151105 50 Tadans, chloroform 48 Haaans 1Az isoamyl alcohol

Y o

1511013 2 Hadaas wauasazare i

12. @1saza1e 1 1813 Tris-HCI, W19% 8.0
WErl Tris base 15.76 54 UsuSuas i 1a 100 aanas uazdSuiesld 1dminy

Y o = 1 Lﬂy 9 Y = @ J Qy =
8.0 umm“lﬂmmu%mamms’au 121 93 UsaLyd ANAY 15 ﬂaum@miwm HIU 15 UM

13. Ethidium bromide
115383 ethidium bromide ANVITUTU 0.5 HaANSUADNARANT 1A8FA ethidium bromide

o y J 4 A 4 a Y v . 4 q Y
11 0.05 NTU AZAIAYIUINAUNUYD lﬂﬂsl,usll'gﬂﬁ“]ﬂ ﬁ“ﬂjﬂﬂigﬂwy foil llaglﬂuslﬂwullﬁﬂ

14. asazang 30 1Wo3IFUA (w/v) Bis-Acrylamide
%9 acrylamide 30 A5W 1AL bis- acrylamide 0.8 NN aza1sdleinauYsuas 100

yaaans

15. ansaza1g 10 !ﬂ@‘gl“ﬁuﬁ‘l{ (w/v) Amonium persulfate

o @ 3’ o a aa < A
44 amonium persulfate 0.5 N5 aza1elwingy 5 dadans tnu B3 lundu

16. Electrophoresis buffer, pH 8.3
¥4 Tris-base 9.0 NTY, glysine 43.2 N3 1z SDS 3.0 N5U azaeavrinaulsunag
400 Hadans Usuiiesdle 1 N Nacl 1 lddszana 8.3 UsuiSmasdreinduli 1ditlu 600

yaaans

17. Stain solution
%4 Coomassie brilliant blue 0.5 NFY HANAY methanol 200 ﬁﬁaaﬁi, acetic acid 50

Y v
Haaans aza1ea1iInay 500 aaans
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18. Destain solution I
Y [
maamumuaaﬂamm 500 Waaaag, actic acid ﬂ’illWl’i 100 Yaaansg uazﬁmﬁu

11511915 400 Haaaas naumsazate i

19. Destain solution ”

Y '
NS INUNIUDA methanol  UTWIAT 50 Hadans, acetic acid 70 Haaans vagiinau

151105 880 Haaans waumsazate gy

20. msazanalumsm refolding protein 1ae s dialysis

PBS buffer, fito% 7.4 0.1 Tuans

DTT 0.1 Tuans

ZnS0, 50 luTasTuans
urea 8.0 IZJEHS(

= = Y 9 4 v a o Yy a ~
wIumsazalegEonudndu 8 Tua1s Taoagisoun 240 N3N A MAN PBS buffer #l
a a aa 4 a a aa [ a
¥ 7.4 UTu193 250 Haaans, 0.1 Tuars DTT USwas 0.5 Tadans Usullsuas1ild 500
Aa Aaa Y A [ o, 031’ =) A A
Nadans ududwn Znso, 0.01 5 (Wszmm 50 TulasTuas) Mmimmssumsazaegisoina
4 Q‘l =~ 1% o w a
Wud 6, 4,2z 0 Twa1s Taedegisonn 180, 120, 60 Az 0 N5y MWaIAY HdNANITAZAY

A ax y 9
DU ATUITVNAU

3
21. Binding Buffer §1%5umsuenu3gnslisau

NaCl 140 fiaaluas
KCl 2.7 fiaaluany
Na,HPO, 10 aaTwany
K,HPO, 1.8 aaTuas
DTT 1939 1.0 fiaaTuany

%1 Na,HPO, 1.44 n3u, KH,PO, 0.24 3%, NaCl 8 n5u ttaz KC1 0.2 n5u aza1odieti
[ 4
AaYU 1000 Hadans U5y pH 19 1AM 7.4 A28 NaOH 9101 UNTOIRIHINILUTUYUIA 0.2

Tunsou
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22. Elution Buffer 13umsuenu3gnsllsau

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

Tris-HCL ANMTNTY 50 ad luaneans pH 8.0 Wi reduced glutathione 1¥NYU 10

Haaluanoans uag DTT MUY 1.0 Haa luadoans

23. Thrombin solution H5UMsHENUIgNT 1AM
ava1oou lminsoudy (GE Healthcare, USA) 500 gila @28 PBS buffer pH 7.4

=1

U511a3 500 lulnsdaas (1 giiade 1 lulasans) aunng udwduiuldluvaea lulasiadl

QN -80 DIFLTALTY A
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o a d
PMISAIUIUMNIINNDINY

o d
1. M3MUIUHINANNY Vo uoU |43l (enzyme assay)
1.1 msmlSunameans luladuean i sa)ninslllamms

a dy 9 o a 4 [ [
manaivzgnldlumsdiuiumnanssuvesouleilasrzulsduasaiy
A o dda & 4 A = £ a A ' P P
nandumnavu uaems lulasiluoadunavnnunianis Iseougndesaaisaioon lal
a Y o [ 1 A d' A [
wnsamstIseoulalasad udrimsiasimsganaunasianuenau 410 w1 Tumas 49

NN 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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mMsfIumaNudutuYeelUsAu (otal protein concentration; mg/ml) Tneldgns

Y
graio 1a)il

A 595 of sample N 1000 (ul)

¥ 1000 X totalvolume of sample
slope amount of sample

9
%

E4
o 1" Aa J .. v 1 ~
MIMIUmANYAININITINEN laiiarua (total activity; umole) Tﬂﬂi%’qmmm”lﬂu

A 410 of sample “ 102 X 1000 (ul)

¥ totalvolume of sample
slope amount of sample

° 1A oo . .. . .
mﬁmuammmmﬂﬁmau”lqmmmwz (specific activity; unit/mg protein) Iﬂﬂcl‘f)’}’qwi
4
RELYSIE
total activity
total protein concentration
o a = 4 9 [V ] dy
MIMuINIANUUTgnSvoaeu 145 (purification) Tﬂﬂ“lﬁlfqmmmllﬂu
specific activity
initial specific activity
o 9 a Y o 1 dy
NIAIUIUKITDIALVOINANAN (% recovery) Tﬂﬂi%@ﬁiﬂi@lﬂqﬂu

total activity

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

LB
LC
LD
MP

mpd gene

Aeo

A1eELY

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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Meo
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-pB-D-galactopyranoside
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WBDUINT 1ONAUTIIN

Mr. Anirut Ekkhuntham

17 Hu18u 2527

59/182 mﬁi 10 . 13 9. WIETIN 2 HUNUNUA UATONUNDY

2. NPUNANYIUAT 10150

o = Y] ] ~ ] a 4
dusamsanv luszauisevtatsninlsuseusaulndunsan Inyuia
YUNGY HVIANAT VAV RYUNIY V. AFANNUHIUAT
a d o a A =\
Inmaastude (maluTagsinm) auzmalulaggaamnssy

a v Aa [ [ 4
unIneaeAaling Wiz rlauuiung uasilyy
= 1 % =) -7 =) =V=|
Anwine luszaulTyaumtiuga awuna Tulagsinwm

yv1INeaedalng

a

A A J
n1slnauteuaznsAnuInMaNdAvesdunad19ees luu GnRH
Gl‘L!fan MUNIW Macrobrachium rosenbergii

@ [ s A [ ] 9 J a
mswau luTordueos toasaaiagiaiuuaslagldon ladunsa-

wislseoulalasmaainlnay mpd gnue
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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) m; N
fi33)

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

Technology of Thailand (STT) A4 33)



N.f. 2552

Oral presentation

N.f1. 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%1m3 Iasamsnuive

@ a a o =\ qszl ~
UMyana ann. guInemaasiazing lulag asan 4)
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